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Abstract: This paper deals on detecting and localizing anomalous events in videos of crowded scenes, i.e., deviation from 
a dominant pattern. Both motion and appearance information are well thought out, so as to robustly distinguish so many 

kinds of anomalies, for a large range of scenarios. A newly developed concept based on swarm technology, histograms of 

oriented swarms (HOS), is applied to capture the dynamics of crowded environments. HOS, joined with the well-known 

histograms of oriented gradients, is combined to build a descriptor that effectively characterizes every method. These 

appearance and motion features  are  only  extracted  within  spatiotemporal volumes of moving pixels to make sure  

robustness  to  local  noise, rise accuracy in the detection of local, non dominant anomalies, and achieve a less 

computational cost. Experiments on benchmark data sets consists of various situations with human crowds,  on traffic data, 

led to results that surpassed the present  state of the art (SoA), confirming the method’s efficacy and generality. Lastly , the 
experiments show that our approach achieves significantly senior accuracy, especially for pixel-level event detection 

compared to SoA method, at a small computational cost. 

 

Index Terms: Swarm intelligence, crowd, anomaly, traffic.

1. INTRODUCTION 
The common use of surveillance system in roads, 

stations, airports or malls has led to a gigantic amount of 

data that needs to be analyzed for safety, retrieval or 

even commercial reasons. The task of mechanically 

detecting frames with anomalous or interesting events 

from long period video sequences has disturbed the 

research com- munity in the last decade. Incident, and 

especially anomaly detection in crowded scenes is very 

vital, e.g. for security applications, where it is difficult 

even for trained personnel to reliably observe scenes with 

dense crowds or videos of long duration. Numerous 

methods have been proposed to assist in this direction  The 

analysis of motions and behaviors in crowded scenes 

constitutes a challenging task for traditional computer 

visualization method, as barriers varying crowd densities 

and the complex stochastic nature of their motions are 

difficult to overcome. Computational rate is one more 

complicating factor, as it has to be kept within reasonable 

limits. In a lot of practical situations, it is crucial to 

analyze packed scenes in real time, or at least as fast as 

possible, allowing for the fact that security personnel 

should act quickly if something seems to be “not as usual.” 

in addition, the vagueness of the term “anomaly” sets its 

own limitations in our effort to  identify   it, as there is no 

frequently accepted definition, and it vary significantly  

In this work we suggest a novel method for incongruity 

finding and localization that incorporate both action and 

appearance information. We bring in a descriptor created 

from Histograms of Oriented Gradients (HOG) to capture 

look, and the newly introduce Histograms of Oriented 

Swarms (HOS), to capture frame dynamics. Swarm 

intelligence has been  used  in  the  past  only  in  the  

structure  of Particle Swarm Optimization (PSO) in [1], 

where PSO optimizes a fitness function minimizing the 

communication force derived from the Social Force Model 

(SFM). Though, in our work, swarms are used in a very 

different way: the central part idea   is to build a prey base 

on optical flow values over a specific time window and 

deploy a compressed swarm flying  over it  to obtain 

accurate and discriminative information   of the 

underlying motion. The agents’ activity is determined by 

forces acting on the swarm (Sec. IV), which, unlike [1], do 

not be in contact to the SFM, but are used to decide the 

swarm motion and location. 

Thus, this work introduces an inventive deployment 

of swarm intellect, which, mutually with the HOG 

descriptor, forms a new feature capable of successfully 

determining a region’s “normality” in an SVM framework. 

In order to capture “anomalies” appear in a small part of 

the frame, our algorithm is applied only on regions of 

attention, and temporal information is 

incorporated to improve accuracy. still though benchmark 

datasets of human crowds were mainly used  for the 

algorithm’s validation, results on other kind of videos of 

jam-packed scenes, e.g. traffic, reveal that the proposed 

method can be extended and generalized to different 

scenarios. The new section shows that our algorithm 
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outperforms state of the art (SoA) algorithms in exactness 

and at a near to the ground computational price. 

 

Our input can be summarized as follows: 

 Swarms are worn in an unique way, via Histograms of 

Oriented Swarms (HOS) so as to are introduced to 

typify  crowd motion for anomaly detection. They 

lead  to credibly filtered flow in videos of crowd, 

resulting  to very few noisy flow values. Thus, swarm 

intelligence captures the motion of crowded scenes in 

an capable way that can be absolute to other types of   

videos. 

 The process can be efficiently useful even when the 

motion in the crowded scene is non-uniform in space 

and time, and “anomalies” appear locally in a 

changing situation. This is shown in the experiments 

of Sec. VI on the entire UCSD dataset, where our 

method’s acc racy for pixel level anomaly detection 

surpass the SoA. 

 

2. PROBLEM FORMULATION 

In this work, we deal with the problem of detecting 

dynamically varying anomalies in both space and time in 

videos with crowds of varying density. In order to 

effectively capture these anomalies for a wide range of 

situations, we incorporate both motion and pretense 

features. Our algorithm uses records derived from usually 

extracted regions of interest (ROIs) instead of intact video 

frames, so as to only process pixels containing in a row 

relevant to the event enthralling place, while at the 

identical time achieving a subordinate computational cost, 

fewer false alarms, superior precision and flourishing 

spatial chronological localization of anomalies, both on a 

global and local scale. In order to extract the ROIs, we 

apply surroundings subtraction using weighted moving 

means [28], as it has been shown to be robust and reliable, 

however other SoA conditions subtraction methods like 

Gaussian Mixture Models (GMMs) could also be used, 

leading to equivalent results. We define interest points on a 

dense grid in the resulting center and ROIs are describe as 

rectangular areas of fixed size around each interest point. 

The size of the ROIs is firm at the commencement of each 

set of experiment, and depends on the camera position of 

view for each dataset. Due to the fixed nature of 

supervision cameras, the block size needs to be set only 

once for each camera, or in our case for each dataset, and 

thus does not affect our algorithm’s generality. For the 

UCSD dataset, a ROI of 20 × 20 pixels is used, as it is 

large enough to capture motion/exterior related details, but 

is not too large, so as to include noisy information in the  

descriptor. 

Once ROIs are extracted, the interest points in them 

are tracked until the next frames  using  the  KLT  tracker, 

while the foreground grid is continuously updated, with 

new interest points defined in each new frame’s foreground 

area. The resulting ROIs and the interest points in them are 

considered informative and are retained if at least 60% of 

that ROI contains motion, otherwise that  interest  point  

and  its  ROI are considered to be noisy and are ignored. 

The ROI  needs    to contain at least 60% moving pixels in 

order to be as informative as possible; if a ROI contains 

fewer moving pixels, noisy (motionless) data will also be 

taken into account, while if it is required to contain more 

moving pixels, potentially informative interest points may 

be  ignored. Spatiotemporal feature  extraction  from  ROIs  

follows  for a particular time window, to acquire 

descriptors that effectively describe the video dynamics, 

and help identify both  local and global abnormalities. We 

consider both motion and appearance features, as their 

combined use allows the detection of anomalies, i.e. 

deviations of motion and/or  appearance  from usual 

patterns, leading to a generally applicable method. An 

overview of the procedure for extracting the descriptor is 

depicted in Fig.1(a). The stages for modeling appearance 

and motion are discussed in more detail in the   sequel. 

 

A. Appearance Modeling 

In order to extract the appearance characteristics  of  a  

video sequence, the Histograms of Oriented Gradients 

(HOG) are used, as the HOG  descriptor has  several  

advantages  over  other  appearance  features:  it  is color 

invariant as it uses gray  scale  images,  and is  also  

invariant to illumination and local geometric 

transformations as a result of the normalization that takes 

place. 

 
 

Figure 1: (a) Overview of final motion exterior 

descriptor   calculation 

. 
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(b) Extraction of appearance  descriptor (HOG) 

 

 

At the same time, it efficiently captures the local edge 

and grade structure, so it can separate variations in 

appearance even in small areas of the image. as it creates 

direction invariant HOGs by following a mirror technique, 

where mirrored shapes are mapped into the same bin. 

Direction invariant appearance features (HOGs) decrease 

intra-class variation, e.g. for walking, which is the lie 

“anomaly” takes place with a  sudden migration.  This data 

is quite clear-cut, as the “anomaly” is global and can be 

easily detected even  by only using the average frame 

motion. As a result, many methods have been planned for 

this data, achieving near perfect scores. The main 

drawback of this dataset is its limited size, in combination 

with the absence of a separate training set. The limited 

number of training frames results in a not well defined 

“normal” class.  

Our descriptor uses complete appearance and motion 

information, however these modify significantly, even in 

the “normal” frames, so it require more training data for a 

better clear description of the “regular” events. As a result 

of its limited size, this data does not agree to us to 

demonstrate the true potential of our system, which uses 

many complex features so as to be pertinent to more 

difficult   video. For training, normal frames of one 

scenario from scene 1 and two scenario from scenes 2 and 

3 were used to model normal crowd behaviors, while the 

rest of the frames were used for testing. Fig.14 has 

screenshots of our algorithm’s outcome for all 3 scenes, 

while in Table V comparisons with 5 SoA methods are 

provided. Anomalies are correctly detected and localized 

in all cases, however, some false positives appear due  to  

the  above  mentioned lack  of  adequate  training. The 

total performance of our algorithm reached 99.59% for 

umn1, of frame j is thus represented by HOG
 K 

(c), ), of 

dimension  1 × 9. 

 Each histogram is normalized  and  the  4  resulting  

cell histograms are concatenated, forming a 1 × 36 block 

descriptor,  which  is  also  normalized  for  noise 

elimination. Once HOGs  for each block are calculated for 

all frames in  the temporal window under inspection, they 

are averaged over 3 consecutive frames so as to include 

richer sequential information and at the same time achieve 

temporally local noise reduction. The final appearance 

descriptor is thus a concatenation of a 3 frame average for 

each cell c is block k. 93.38% for umn2 and 98.08% for 

umn3 using  the  Area Under Curve (AUC) criterion, 

which is used in the literature for UMN. Its performance is 

therefore shown to be near perfect, comparable with the 

SoA, with the exception of umn2, where it achieved very 

high, but not perfect, results. This is attributed to the 

sparseness of the training data in umn2, which were even 

less informative than those of umn1  and  umn3. The truck 

and ambulance are successfully detected while traversing a 

highly dense crowd, whereas people in the crowd jumping 

over railings are also detected as an anomalous behavior. 

 

3. CONCLUSION 

In this work, we suggest a  novel structure for  anomaly 

detection in dissimilar scenario, recorded from static 

surveillance cameras. Swarm  intelligence  is  oppressed  

for  the extraction of robust motion characteristics and 

together, with outward show facial appearance, form a 

descriptor capable of effectively describing each scene.  Its 

remarkable recital in  4 completely different kinds of 

datasets proves the method’s generality and its 

applicability in genuine life  situation.  The  high finding 

rate in the UCSD dataset, that greatly out- performs 

various state-of-the-art approaches, especially on the most 

tricky pixel level criterion, demonstrate that the 

anticipated algorithm can be effectively used for 

challenging crowd videos with many occlusions, local 

noise and local scale variations. This detail in blend with its 

low computational cost and its effectiveness in  different  

environment,  make our algorithm very appropriate for a 

range of examination application. 
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