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Abstract

We present BiPOCO, a Bi-directional trajectory
predictor with POse COnstraints, for detecting
anomalous activities of pedestrians in videos. In
contrast to prior work based on feature recon-
struction, our work identifies pedestrian anoma-
lous events by forecasting their future trajectories
and comparing the predictions with their expec-
tations. We introduce a set of novel composi-
tional pose-based losses with our predictor and
leverage prediction errors of each body joint for
pedestrian anomaly detection. Experimental re-
sults show that our BiPOCO approach can de-
tect pedestrian anomalous activities with a high
detection rate (up to 87.0%) and incorporating
pose constraints helps distinguish normal and
anomalous poses in prediction. This work extends
current literature of using prediction-based meth-
ods for anomaly detection and can benefit safety-
critical applications such as autonomous driving
and surveillance. Code is available at https:
//github.com/akanuasiegbu/BiPOCO.

1. Introduction

Pedestrian anomaly detection (PAD) refers to the problem of
identifying pedestrian activities and events that do not con-
form to expected behavior (i.e., “anomalous”) from video
sequences (Li et al., 2013; Andrews et al., 2016; Deecke
et al., 2021). This is an essential task in safe vehicle auton-
omy. If a pedestrian suddenly breaks into a run or jumps in
front of the vehicle, or if a child throws a ball into the street,
an intelligent autonomous vehicle must be able to recognize
these activities as potentially anomalous, so that appropriate
path planning and control strategies may be used to avoid
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collision and ensure safety.

The PAD problem is set up with a training set and a testing
set, where the training videos contain only “normal” pedes-
trian activities (e.g., walking), and the testing videos can
contain both normal and anomalous activities (e.g., running,
jumping, throwing a bag, etc.). The goal of PAD is to learn
the normal pedestrian activity patterns present in the training
data and to detect the anomalies in the testing set.

Anomalous events typically occur far less frequently than
normal activities (Sultani et al., 2018) and it is usually dif-
ficult to obtain training data that contains large quantities
of labeled anomalous events. Thus, existing solutions to
the PAD problem are predominantly unsupervised learn-
ing approaches that learn feature representations for normal
activities given training data that only contains normal in-
stances. Such techniques include sparse coding (Lu et al.,
2013), Minimum Volume-set estimation (Thomas et al.,
2016; 2017), and topic modeling (Isupova et al., 2016; Gird-
har et al., 2016). With the rise of deep learning approaches,
encoder-decoder-style architectures have been developed for
PAD using long short-term memory (LSTM) units (Srivas-
tava et al., 2015), autoencoders (Hasan et al., 2016; Chong &
Tay, 2017; Luo et al., 2017), convolutional neural networks
(CNNs) (Nguyen & Meunier, 2019), and generative adver-
sarial networks (GANSs) (Ravanbakhsh et al., 2017; Chen
et al., 2021). In these works, feature representations for
“normal” activities are typically learned by reconstructing
training video frames, and anomalies are detected by com-
puting reconstruction errors for the test instances (higher
reconstruction error indicates anomalous events). Such
pixel-based features learned through reconstruction can be
unstructured and high-dimensional, which can result in sen-
sitivity to noise, lack of interpretability, and redundancy
(Morais et al., 2019).

In this work, instead of relying on reconstruction error, we
propose to identify anomalous events by evaluating their
expectation and introducing a prediction-based pipeline for
pedestrian video anomaly detection. Our main contributions
include:

* BiPOCO, a novel bi-directional trajectory predictor
that predicts pedestrian 2-D skeleton pose trajectories
while incorporating a novel set of compositional pose
constraints based on the physical structure of human
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