Wa8 K A1 it (=) HL = Eire Vol. 48 No. 1
20254 1 A CHINESE JOURNAL OF COMPUTERS Jan. 2025

i == X 52 X E g sa i) /MR R B 1T AR 5

Hdm EHm REF ARE" K4 Far
D CRIKR T BB B 430072)
DRI R BE M 510006)
D(RDBKS GNSS gL R 430072)

B OE ST IRATELE AL & AR E U AR AR AT AR e TR LB IR AT O R B R — U Bk
L AR 55 o HOME R R BRI < S AT O SEBR R AR B R SR AR L PRI 0 WD T I 0 AR K5 A X 5 W A A
AL IR (R B 00 5 B AT O AT A A AT 7 1 R B S B DX P 5 52 AT O I 2= A8 A A2 % S B0 8 3t S 37 O
M 5 B DX SRR A AR A5 I R ME o D T AR b b A AT AR ST I 2SO0 B X IR B 1) /N AR A SR AT O AR O 3k
T A 2 >0 RS T 8 AT DA AR R v A S A U S BT 5 A A ) S AT O R U T o TRORR AR 0 O B X R S
WAT R RHAE SEAT R0 o e AE 1] dk phy TR A £ R BRI 4 I X L VR A b R Az G B DX R A SO T P 4 4 AR A 1A
R A S S LA M e R AT O A O B DI B B BB AR R S R AT O Y AR AR B . PR AR
I I 25 15 R Bl 2 M e HROOR B DX IR, AR SR M T AR A S 0% ) e D S L A 1 e R £ S R R (D S LN 993 ) A
SEAT ORI L LA 5G B DX RO A P S W AT O IR SR A . B 4R IR A R A A /R AS % BR B L IR TR AR A
A Rk > BN LRI (] F 23 (8] rb SRS Al Ak S5 SR R . A SCFE HMDBS 1 Kineties LA & UCF Crime v2 £ 46 B4 T
S0 5 SRAE WA SO W UM R AL T A 7 9 A S5 AT S B A b AR T R Y 5 A ME R R R T T 0606,

KB WA PN s INREARAE 2 5 OB DI 5 5 I 2 20 A B0 2K 5 I 28 S Ik
HEESES TP391 DOI 5 10.11897/SP. . 1016. 2025. 00068

Anomalous Action Recognition with Spatio-Temporal Key Region Enhancement
and Few-Shot Learning

XTAO Jin-Sheng” WANG Shu-Rui” WU Yuan-Xu” ZHAO Chi-Heng"”
CHEN Yun-Hua®” ZHANG Hong-Ping”
D (School of Electronic Information, Wuhan University, Wuhan 430072)
» (School of Computer, Guangdong University of Technology, Guangzhou 510006)
3 (GNSS Research Center, Wuhan University, Wuhan 430072)

Abstract  Anomalous action recognition plays an important role in early-warning systems and
has significant application merit for maintaining public security. The manual methods can lead to
inefficiencies because of the tiredness, so we seek an automatic and smart method. Anomalous
action recognition is a more challenging task compared to common normal action recognition,
which is mainly reflected in the following points: few anomalous action videos can be collected
due to the small probability of anomalous action occurring; because anomalous actions are often
captured by surveillance cameras, the informative object features only exist in local key areas;
there are complex spatio-temporal changes in the video, which increases the difficulty of locating
and utilizing the features of key regions continuously. Based on the above analysis, we propose

the anomalous action recognition method with spatio-temporal key region enhancement and
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few-shot learning in this paper. With the help of meta-learning, the network recognizes the limit-
ed anomalous action data by learning the task-level knowledge from the large normal action data.
Because the global feature cannot highlight the key region information, the net also selects the
key region to make feature enhancement. Similar methods select the key region by the feature
vector, which has already lost the spatial information because of the spatial pooling. Our network
selects the key region adaptively using the spatial information from the feature map. Without
increasing the model weight, the distributed information at different positions on the feature map
is fused to locate the key region. The selected region can be in any location where discriminative
information exists to deal with ever-changing situations. The spatio-temporal information plays
an important role in precise action modeling, and only using the individual frame cannot provide
enough information for key region selection. The existing networks for spatio-temporal modeling
can be large and high-cost. To improve computational efficiency, our work uses the lightweight
module to build the relations between feature maps. The long-range temporal and short-range
motion information at feature map level are both related to make the comprehensive modeling of
the video. After the relation, the key regions selected can capture the continuous dynamic changes
of the anomalous action. Finally, the spatio-temporal refined loss is proposed to ensure the learning
of the feature at the more fine-grained level. The loss is calculated by multi-level spatial and temporal
features. It reinforces the model to automatically look for the class-specific features, improving the
generalization of the model. Using naive ways to train the network leads to poor performance. Three
training tricks are proposed to make one-stage effective end-to-end training, improving the
performance and reducing the training cost. We conduct experiments on the HMDB51, Kinetics,
and UCF Crime v2 datasets, and the results show that our method exhibits superiority to the
state-of-the-art counterparts on the few-shot action recognition, especially anomalous action
recognition. Without direct training on the anomalous action dataset, it is worth noting that our
method achieves 1. 5% absolute boosts. The ablation studies demonstrate the effectiveness of the
proposed modules, implying the potentiality of our plug-and-play modules to help improve other
networks.
Keywords anomalous action recognition; few-shot learning; key region enhancement; spatio-

temporal refined loss; spatio-temporal relation
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Background

In public spaces, dangerous anomalous actions such as
fighting, explosions, and arson can pose significant threats
to personal and societal safety if not promptly identified and
addressed. Video surveillance systems are crucial for recognizing
these behaviors, but human monitoring can be prone to errors,
leading to missed detections. To overcome these limitations.
this study aims to develop an intelligent algorithm for auto-
matically detecting anomalous actions in surveillance videos.

Several challenges exist in recognizing anomalous actions.
Firstly, the occurrence of anomalous actions is rare compared
to normal activities, making it difficult to collect sufficient
anomalous samples. Most existing datasets, like UCSD and
ShanghaiTech, predominantly contain normal behavior, with
anomalous actions appearing only in test sets. Datasets like
UCF Crime offer a variety of anomalous actions but still have
significantly fewer samples compared to normal behavior
datasets, leading to poor performance when used directly for
training. Secondly, anomalous actions are often more complex
and varied in nature, requiring precise feature extraction.
Existing models generally focus on global features, which can
overlook critical regions, such as distant individuals or
dangerous objects, which are vital for accurate classification.
Lastly, the spatio-temporal variability in behaviors complicates
the identification of key regions, making it difficult to rely
solely on spatial information from single frames.

To address these challenges, this paper introduces a
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method that leverages few-shot learning and spatio-temporal
key region enhancement. Given the difficulty of training
models with limited anomalous samples, the proposed method
uses normal behavior data to help identify anomalies by
treating them as a few-shot learning problem. The method
employs a spatially adaptive key region selection module,
which autonomously identifies and enhances critical local
features within the feature map, improving the global feature
representation. This module is lightweight and can be
integrated into existing networks without adding significant
computational overhead. Additionally, a spatio-temporal
correlation module is introduced to capture the dynamic
nature of anomalous actions by associating temporal and
motion information across frames. This approach ensures
that key regions are accurately identified even in complex
scenarios. To further enhance the model’s robustness, a
refined spatio- temporal loss function is proposed, which
injects semantic information into different feature levels,
ensuring the model can effectively learn and generalize across
various contexts. Experiments on the HMDB51, Kinetics,
and UCF Crime v2 datasets demonstrate that the proposed
method outperforms state-of-the-art approaches, particularly
in few-shot and anomalous action recognition.
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