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Abstract—Nowadays abnormal action and event recognition is very encouraging research topic 
in surveillance applications. There are three main component of abnormal activity recognition. 
The components are: (i) Feature representation approaches (ii) pattern recognition models and 
(iii) performance evaluation strategies. Compare to second and third component, first 
component: Feature representation is very important. It should have robust appearance and 
motion information. This information of the features plays very important role in video 
analysis. In this paper, fusion of features has been performed to find more accurate recognition 
of abnormal activity. Optical Flow and HOG (Histogram of Oriented Gradients) features has 
been fused to get more accurate feature vector. Upon this vector rule based recognition method 
has been applied for classifying abnormal event. This proposed algorithm has been 
implemented on UCF, BEHAVE and UMN dataset. The result shows that with fusion of 
features more accuracy has been achieved in finding starting frame of abnormal activity in 
videos. Compare to existing algorithm, proposed algorithm achieved 16%, 1.8% and 21% more 
accuracy in UMN, BEHAVE and UCF dataset respectively.  
 
Index Terms— Optical flow, Histogram of Oriented Gradients, UCF dataset. 

I. INTRODUCTION 

Video surveillance is promising research area in current world for asset and personnel safety. But we need 
automation in it. It is so because this can reduce the manual workload. Object detection, tracking, person 
detection, event recognition and activity recognition are different areas where current researchers are focusing. 
Public area can be monitored with the help of this applications and with less human power. However, detecting 
an abnormal activity from a video is a challenging problem that is extremely contextual [1]. Abnormal activities 
are an anomalies of the object behaviour from the usual behaviour. This includes object in uncommon place, 
uncommon pattern of motion such as movement in incorrect direction, illegal turns in traffic, object access or 
entry in private zone, fighting among the persons, left bag, unexpected movements, let fallen object or any type 
of uncommon occurrence. For one event it may be a normal in one scenario and abnormal in another scenario 
[2].  
The activity recognition system is primarily having following steps:  

 Optional step: Pre processing 
 Important step: Extraction of features 
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 Identification step: Tracking of objects 
 Understanding object step: Understanding behaviour of the object.  

Foreground extraction and Noise removal has been done in pre-processing step. In feature extraction, number of 
features of the object or person has been extracted from the frames of the video. Based on extracted features, 
object trajectory has been established.  Behaviour understanding is a vital and significant step. Here behaviour of 
the object has been detected and based on that behaviour classification of event has been performed. In last step, 
it gives normal and abnormal event detection in videos [2]. Applications [3, 4] of abnormal activity detection 
system are:  

 Traffic monitoring 
 Crowd analysis 
 Automatic forensic video retrieval 
 Criminal activity recognition 
 Medical applications 
 Surveillance activity  

It’s mainly used for security alarm in surveillance activity. Though it has potential application, it is much popular 
with making surveillance system more intelligent [3]. In proposed frame work, feature extraction step has been 
emphasized. Here, two features optical flow and HOG both are extracted and fused for further action. Section 2 
describe the related work, section 3 describe the optical flow and HOG features, section 4 describes proposed 
abnormal activity detection algorithm, section 5 describe the implementation results and discussion and section 6 
describes the conclusion.  

II. RELATED WORK 

Abnormal activity detection can be performed in two kind of category. First one is individual activity video and 
second one is crowd activity video. In former category of videos, segmentation and object tracking has to be 
performed on individuals but it suffers from occlusion problem. In crowed activity videos, features has been 
extracted and algorithm works on these features [6]. Habib Ullah et. al [7], represents the unsupervised method 
for detecting individual movement from a crowd. Researchers had used feature tracker to generate trajectories.  
To make cluster unsupervised method – Bayesian clustering is used. Gabriel J. Brostow and Roberto Cipolla [8] 
describe the unsupervised method which detect individual entities using Bayesian clustering algorithm. The 
limitation of this algorithm is if an individual is present in corners or absents then clustering will ignore that 
individual. As a part of recognition, it has two categories: one is machine learning methods [9, 10] and second is 
thresholding [11, 12].  When the event activities are well defined, machine learning based methods are helpful to 
recognize the activities but it is very difficult to define and model so many activities for unconstrained 
environment.  In threshold based method, one has to extract few indicators only which will become helpful to 
identify activities. When threshold value cross the indicator value, it will generate the alert. The advantages of 
this method are: (i) No training data (ii) No learning process (iii) very few computation.  

III. FEATURE EXTRACTION 

Feature extraction is key step in procedure of abnormal activity recognition. There are various methods to extract 
features. Here optical flow and HOG have been used in proposed algorithm. 

A. Optical Flow 
Optical flow [4, 5] is a pattern of apparent 2D motion of objects in sequences of time�ordered images. Video 
frames can be consider as time-ordered images. From these images feature vector has been generated. These 
vectors show motion of objects from one image to next consecutive image. Pixels travels from one video frame 
to another video frame which indicates optical flow. The apparent motion of the brightness pattern calls optical 
flow [5]. Relative motion of objects and the viewer creates optical flow. Optical flow is a distribution of seeming 
velocities concerning movement of brightness patterns in a video frame. The important, useful and necessary 
information of the motion, which is relative has been stored by optical flow.  Suitable actions can be generated 
when the movement has been extracted. It is done for controlling object. The brightness patterns are moving with 
respect to movement of the object or camera. When the motion is very small and the illumination of the video 
frame keeps uniform in space as well as it steadies over time, it can be expected that the particular pixel remains 
constant throughout the motion [13, 14, 15].  The equation of classical brightness constancy constraint should be 
known as 
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Here the brightness of a point (a, b) represented at time p by E (a, b, p) on the image plane. Intensifying the left 
part and ignoring high-order terms, the equation is going to reduce in following form: 

௣ܧ																																																																																				 + ݑ௔ܧ + ݒ௕ܧ = 0                                             (2) 

Here u represent component of the optical flow along the x axis and v represents component of the optical flow 
along the y axes, respectively. It has been assumed that for every pixel of the video frame has a unique optical 
flow. A cost function of the sum of squares of the brightness variation can be framed. The optimum solution of 
optical flow (u, v) has been easily determined using a least-squared method which creates minimum cost 
function. The point based calculation has been resulted in unconventionalities of the optical flow. It occurs due 
to noise available in real video frames. So the above equation has been extended to patch based formulation. 
Using averaging, the estimation error has been reduced significantly. Let’s assume that the image patch Ω and its 
pixels have own a similar optical flow. Patch-based brightness constancy is represented by following equation: 

                                          ∑ ൫ܧ௣ + 	ݑ	௔ܧ + ൯ݒ௕ܧ = 0																																																						(3)ஐ  

Here for Ω, u and v signify the values of the optical flow. This method enhances the accuracy of optical flow and 
also improves computational efficiency [16].  

B. Histogram of Oriented Gradient 
The histogram of oriented gradient (HOG) descriptors had been proposed by Dalal and Triggs for human activity 
detection. HOG was derived based on the assessment of standardized local histograms of image gradient trends 
in a dense network by considering fine-scale gradation, fine-directional correlation, relatively coarse spatial 
clustering, and high-quality local contrast standardization in nested descriptor block [17]. The HOG has 
significant advantages: 

 HOG can captures the edge or gradients structure 
 Local representation of information 
 Invariance to translation and rotation   

For human detection, moderately coarse spatial sampling, fine-orientation sampling and strong local photo 
normalization turned out to be the best strategy, possibly because it allows limbs and body parts to change 
appearance and move from side to side frequently provided that you maintain the orientation nearly upright [18].  

IV. PROPOSED ALGORITHM 

As mentioned in [19], an abnormal activity has been detected using Harris corners, optical flow and 
classification by dynamic thresholding. This algorithm has been implemented here with fusion of optical flow 
and HOG features. The block diagram of proposed algorithm has been depicted as shown in Fig.1. These are the 
steps of proposed algorithm. 

 Step 1: Here pre-processing has been applied on images. As a part of it, using averaging method 
background subtraction has been applied.  

 Step 2: Now feature extraction has been done. Using Harries corners, key points has been identified. It 
will be taken feature points. This feature points represents moving object. The object has been track by 
method called optical flow. Using it motion intensity has been estimated. On Harris corner points HOG 
has been applied and created HOG feature vector. Create a final feature vector by making fusion of 
Optical flow feature vector and HOG feature vector. 

 Step 3: Classification has been performed by dynamic thresholding method [19]. Using it, input has 
been classified in two classes. One is normal activity and another is abnormal activity. 

V. RESULTS OF IMPLEMENTATION 

Three dataset has been used for implementing this algorithm. First dataset is UMN dataset, where in each video 
signifies crowd escape panic. Second dataset has been used is BEHAVE dataset. It has been taken from [20]. 
The dataset includes various situation of persons behaving different interaction. Third dataset has been used is 
UCF crime dataset, which is very large dataset and it contains 1900 videos. It includes videos of normal and 
abnormal  activities.  There  are 13 abnormal activities in this dataset [21]. Table 1 shows the comparison of [19]  
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Figure 1: Proposed algorithm 

and proposed algorithm where starting frame of abnormal activity has been detected and the results shows that in 
proposed algorithm gives more accurate results. 

TABLE I. COMPARISON OF [19] AND PROPOSED ALGORITHM FOR DETECTING STARTING FRAME OF ABNORMAL ACTIVITY FROM VIDEO (SAMPLE 
VIDEO) 

Dataset Actual starting 
frame of 

abnormal activity 

Starting frame of 
abnormal activity 
in existing [19] 

algorithm 

Starting frame of 
abnormal activity in 
proposed algorithm 

UMN_1 410 370 146 
UMN_2 270 and 940 - - 
UMN_3 159 104 150 

BEHAVE_1 458 428 448 
BEHAVE_2 645 683 - 
BEHAVE_3 421 - - 
BEHAVE_4 222 - 233 

UCF_Fight_1 100 36 98 
UCF_Fight_2 350 - - 
UCF_Fight_3 150 92 137 
UCF_Fight_4 620 313 486 
UCF_Fight_5 305 313 317 
UCF_Fight_6 335 194 218 

UCF_Shooting_1 245 285 262 
UCF_Shooting_2 730 - - 
UCF_Shooting_3 480 - 462 
UCF_Shooting_4 180 158 172 
UCF_Shooting_5 160 145 158 

TABLE II. COMPARISON OF ACCURACY 

Dataset Existing Algorithm[19] Proposed algorithm 

UMN 51.88424 67.7067 
BEHAVE 49.83531 50.69289 

UCF 55.16881 76.14356 

Extract frames 
from input videos 

Perform Background 
Subtraction using 

Averaging  

Key points 
detection using 
Harris corner 

Apply Optical 
Flow Apply HOG 

Generate Fusion vector 

Calculate dynamic 
threshold  

Rule based 
classification   
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Table II shows the comparison of accuracy achieved by proposed algorithm in UMN, BEHAVE and UCF 
dataset. Figure 2 (a),(b),(c), and (d) shows the starting frame of sample video taken from UMN, BEHAVE and 
UCF – Crime dataset. Figure 3 represents accuracy measurement in dataset: UMN, BEHAVE and UCF. This 
chart describes the accuracy achieved in simulation of Existing algorithm and proposed algorithm. 

   
(a)                                                                   (b) 

   
(c)      (d) 

Figure 2: Implementation result of proposed algorithm on sample of (a) UMN (b) BEHAVE (c) and (d) UCF Crime dataset 

 

Figure 3: Comparative chart of Existing algorithm [19] and proposed algorithm 

Table I, Table II, Fig.2 and Fig.3 shows the quantitative and qualitative analysis. It shows that when HOG has 
been added in part of feature extraction, the algorithm gives better result than the existing algorithm [19]. In case 
of UMN and UCF dataset, proposed algorithm achieved 16% and 21% more accuracy respectively. But in 
Behave dataset due to combination of multiple similar activity like walking and walking with fighting on same 
place proposed algorithm achieved only 1.8% more accuracy. So our proposed algorithm will not much good for 
BEHAVE dataset. 

VI. CONCLUSION  

The velocity, speed and motion of human action can be represented by optical flow features. Optical flow mostly 
used when the action has similar shape with different speed. When only shape or gradient has to be recognized 
then HOG works better.  The HOG and optical flow have been fused to combine the advantages of both. Using 
fusion of these features, the experiment results shows that improvement has been noticed in result of 
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classification. It represent better activity classification than other existing methods. The proposed algorithm has 
been assessed with different datasets like UMN, BEHAVE and UCF crime dataset. A more accuracy has been 
reported in finding starting frame of abnormal activity videos. The main reason of increase in performance is due 
to considering motion and shape of the actions efficiently. 
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