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Abstract— Video surveillance plays a significant role in both 

academia as well as industry.  Video anomaly detection is an 

important part of intelligent video surveillance, as it can 

automatically detect the anomalous events in the monitoring 

scene and produce alarms that assist the security officers to 

handle the unexpected events. This paper introduces a new 

method to refine the detection of anomalies in videos. Indeed, 

a new approach is established which combines motion 

estimation and color detection. This approach is able to 

identify moving objects from stationary ones using optical 

flow technique and then detect only red colored cars in a 

scene. An experimental study is performed over a video 

dataset. The obtained results show that the new method can 

successfully combine the two algorithms and thus produce 

better and accurate results. 
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I. INTRODUCTION 

Video processing comes under signal processing or it is a 

special case of signal processing, which consists of video 

filters which have both input and output as video only. Video 

processing techniques are very common nowadays. They find 

application in video recorders, televisions, video players and 

different converters. But its implications vary with different 

manufacturers. 

Video is made by combination of large number of 

frames or images which are arranged in time such that they 

appear to be continuous to human eye. Considering human 

eye perception that it can hold image on retina till 1/16 of a 

second, more that sixteen frames are displayed within a 

second which provides an illusion of continuation. Video 

processing is any process applied on video, it can be editing 

of video, speeding up of video, making alteration to video and 

many more. It can be performed using MATLAB software 

and video toolbox which is a special added toolbox in 

MATLAB2016. 

Anomaly detection [1] (also outlier detection) is the 

identification of items, events or observations which do not 

conform to an expected pattern or other items in a dataset. 

Anomalous items can create a number of problems. They can 

lead to structural defect, can create disastrous effects in 

medical fields and also cause banking errors or frauds. 

Anomalies can be defined as any deviation from specific 

pattern or any exceptions. 

Generally, considering day to day activities, 

anomalous objects may be the objects which disobey a 

particular pattern, do not occur frequently but occur in burst 

and are unexpected. Mostly these patterns do not get fixed by 

themselves as sometimes outliers are taken as rare or 

anomalous objects and unless aggregation is done many of 

detection method will not be able to survive. In such cases a 

cluster analysis algorithm may be able to detect the micro 

clusters formed by these patterns. 

Anomalies are classified into three types: 

1) Anomalies with respect to context known as contextual 

anomalies- these anomalies prevail when our data is only 

anomalous in a particular context but in other context it 

is not anomalous, example- people walking in lawn at 

night time can be considered anomalous whereas during 

day time it is a regular activity. 

2) Anomalies pointing a particular value- these anomalies 

generally occur when particular individual or identity is 

anomalous to rest of data. 

3) Combination of contextual and pointing anomaly- occurs 

when combination of similar datasets gets anomalous 

with respect to entire set of data. 

Further they can occur in two ways i.e. 

 Event can occur in an unexpected format. 

 Or it can be a combination of various unexpected values 

Anomaly Detection Techniques 

 Unsupervised Detection i.e. data set to be tested is 

assumed to have all activities or instances to be normal 

(almost all of them) and instances that are least 

compatible with the rest of the datasets are considered to 

be anomalous.  

 Partial supervised detection i.e. these detection 

techniques consists of a separate model which defines the 

normal activities and separate a set of activities from 

others. Activities that come under these defined set are 

only considered normal events, all other activities are 

considered to be anomalous. 

 Fully supervised detection i.e. in this detection two data 

sets need to be defined. This detection technique defines 

both normal and abnormal events in separate datasets 

which are efficient but increases computation load and 

are very vast as well. 

A. Anomaly is categorized using two approaches [1]: 

 Object centric approach 

 Holistic method 

In object-centric approach, the crowd is treated as a set of 

individuals. To get complete evaluation of crowd activities 

crowd must be segmented into various objects. As this 

segmentation will lead to detection of a large number of 

objects hence the object centric approach faces problem in 

detection, tracking trajectories of objects and in recognizing 

individual behavior in crowd. This leads to the major 

drawback of object centric approach that it cannot handle 

crowded scenes because as density starts increasing an 

equivalent degradation in its performance is observed. 

For the holistic methods, instead of dealing with 

individuals this approach works on crowd as a single entity. 

This approach has a special advantage in crowded areas and 

can deal with them more easily then object centric. Rather 
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than finding individuals it maps trajectories and motion of 

crowd and groups them. 

Abnormal object should possess one of the 

following characteristics [2]: 

1) Anomalous motion of objects: it can be a wrong 

direction, unexpected deviation from the path or can be 

unexpected speed. 

2) Anomalous appearance under which objects do not have 

a defined posture, color or are not within the boundary 

defined for them. 

II. RESEARCH METHOD 

A. Optical Flow 

Optical flow is the pattern of apparent motion of various 

objects, surfaces, and edges in a visual scene which is caused 

by the relative motion between an observer (an eye or 

a camera) and the scene. [3] The concept of optical flow was 

introduced by the American psychologist James J. Gibson [4] 

to describe the visual stimulus which is provided to animals 

moving through the world. Gibson stressed on the importance 

of optic flow because of its ability to discern possibilities for 

action within the environment. Gibson’s ecological approach 

to psychology demonstrated the role of the optical flow 

stimulus for the perception of movement of the observer in 

the world, perception of different shapes, distance, and 

movement of objects in the world and the control of 

motion. The term optical flow [5] is also used by robocist, 

encompassing related techniques from image processing and 

control of navigation which includes motion detection, object 

segmentation, time-to-contact information, focus of 

expansion calculations, luminance, motion compensated 

encoding and various stereo disparity measurement [6] 

 
Fig. 1: Optical Flow 

1) Estimation 

Sequence of ordered images allows the estimation of motion 

as either instantaneous image velocities or as discrete image 

displacements. Fleet and Weiss provided a tutorial on 

introduction to gradient based optical flow [7]. Barron, Fleet 

and Beauchemin provided a performance analysis on a 

number of optical flow techniques. It emphasizes on the 

accuracy and density of different measurements [8]. For 

every location in image, optical flow method calculates 

motion between any two consecutive frames with respect to 

time i.e. time taken between t and t+∆t. Method uses 

differentials based on Taylor series expansion and uses partial 

derivatives in time and space coordinates of image. The 

intensity I(x, y, t) moved by distance be ∆x, ∆y and ∆t 

between two image frames for a point in 2- dimension is 

given as:  

 
Taking movement to be very small and expanding 

above equation using Taylor series we get 

 
From these equations it follows that: 

 Or  

Above equation results in 

 
Where Vx, Vy are the x and y components of the 

velocity respectively or optical flow of I(x, y, t) and ∂I /∂x, ∂I 

/∂y and ∂I/ ∂t are the derivatives of the image at coordinates 

(x, y, t) in the corresponding directions. Ix, Iy and It can also 

be written in the form of derivatives in the following.  

Thus: 

 
This is an equation in two unknowns and cannot be 

solved as such. This is commonly known aperture problem in 

the optical flow algorithms. To find the optical flow, one 

more set of equations is needed, which is to be given by some 

additional constraint. All optical flow methods introduce 

some additional conditions for estimating the actual flow 

under optical flow. 

B. Motion Detection by Lucas–Kanade Method 

In computer vision, the Lucas–Kanade method (pronounced 

/lukɑs kɑnɑdɪ/) is a popularly used differential method for 

optical flow estimation which was developed by Bruce D. 

Lucas and Takeo Kanade. This method assumes that the flow 

is essentially constant in a local neighbor-hood of the pixel 

under consideration, and solves the basic optical flow 

equations for all the pixels in that neighbor-hood, by the least 

squares criterion [9]. 

By combining information from several nearby 

pixels, Lucas–Kanade method often resolves the inherent 

ambiguity in the optical flow equation. It is also less sensitive 

to image noise than point-wise detection methods. But on the 

other side, since this is a purely local method, it cannot 

provide any flow information about objects in the interior of 

uniform regions of the image. 

1) Concept 

Under Lucas-Kanade method it is assumed that the 

displacement among nearby pixels of an image is very little 

and is considered as almost constant with a neighboring point 

p. Optical flow equation should also work well for all the 

pixels which all are within the region of centered point p. The 

velocity vectors (Vx, Vy) must satisfy the equation. 

 
Where q1, q2, . . . , qn are depicting pixels which are 

located inside the window, and Ix(qi), Iy(qi), It(qi) are 

assumed to be partial derivatives of the image intensity with 

respect to position in x, y coordinates and time. The equations 

can also be transformed into matrix form i.e. Av=b, in which. 
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As compared to the number of unknowns the system 

has more number of equations usually condition called over-

determined. This problem is solved by taking least square 

criterion of 2 * 2 matrix and it solves the 2 * 2 matrix by 

 
In which AT is the transpose matrix. 

It computes 

 
Which consists of a central matrix i.e. an inverse 

matrix and the summation is running for all pixels from 1 to 

n. 

2) Weighted Window 

Under least square criterion all pixels are given equal 

importance or weightage but an edge or more weights should 

be assigned to pixels which are near to the central pixel. To 

deal with that a weighted version of least square criterion is 

created [2]. 

 
In which w is weight diagonal matrix of n * n, which 

computes. 

 
These weights are set to be as a Gaussian function 

of distance between pixels and central pixel. 

3) Used conditions and techniques 

In order for equation AT Av = ATb to be solvable, AT A should 

be invertible, or AT A's eigen values should satisfy λ1 ≥ λ2 > 

0. To avoid noise issue, usually λ2 is required not too small. 

Also, if λ1/λ2 is too large, this means the point p is on an 

edge, and this method suffers from the aperture problem. So 

for this method to work properly, the condition is that, λ1 and 

λ2 are large enough and have similar magnitude. This 

condition is also the one for Corner detection. This 

observation shows that one can easily tell which pixel is 

suitable for Lucas–Kanade method to work on by inspecting 

a single image. One main assumption for this method is that 

the motion is small (less than 1 pixel between two images for 

example). If the motion is large and violates this assumption 

then the problem can be solved by reducing the resolution of 

images first and then applying the Lucas-Kanade method. 

C. Algorithm for Motion Detection 

1) Step 1: Input video on which lucas kanade is to be 

applied and then load its two consecutive frames. 

2) Step 2: Resize both the frames entered in step1 by first 

doubling their precision and then reducing their size to 

half. 

3) Step 3: Now start applying lucas kanade on both the 

frames by finding Ix, Iy and It for every point by using 

convolution2 function. 

4) Step 4: Now get A in matrix form such that A=[Ix Iy]. 

5) Step 5: Now velocity vector is calculated i.e. V=pinv 

(A)*b, where b = -It. 

6) Step 6: These velocity vectors calculated in step above 

are downsized. 

7) Step 7: Velocity vectors are plotted on second frame by 

using quiver plot starting position from change in first 

image and ending on second. 

D. Appearance Detection 

Appearance is basically related to recognition of different 

objects. Within a video or image, objects are identified based 

on their characteristics such as size, color or any particular 

pattern. All humans have a special power of recognizing 

objects very fast based on their specific characteristics, with 

a little effort only. They are even capable of identifying 

objects which are partially visible or having any obstruction 

in between. But computers are still not as efficient in 

detecting obstructed scenes or objects which is a major 

challenge. 

A (digital) color image is a digital image  that 

includes color information for each pixel. 

For visually acceptable results [12], it is necessary 

(and almost sufficient) to provide three samples (color 

channels) for each pixel, which are interpreted as coordinates 

in some color space. The RGB color space is commonly used 

in computer displays, but other spaces such as YCbCr, HSV, 

are often used in other contexts. Every color image is divided 

in basic three colors i.e. red, green and blue. Also image holds 

value of each pixel’s intensity and chrominance information. 

Information which detection techniques deal with is the 

brightness information. As a video is combination of different 

images, color detection can be applied on it. 

E. Algorithm for Color Detection 

1) Step 1: Read the input image. Any RGB image is 

captured and loaded in MATLAB. Each pixel of the 

RGB image is in the form of element of the matrix. 

2) Step 2: Convert RGB image to gray and then subtract 

each element of gray image from image (:,:,1). 

3) Step 3: Use median filter to filter out noise present in 

subtracted image. 

4) Step 4: By using im2bw the gray scale image is 

converted into a binary image. 

5) Step 5: All the connected components are removed from 

the image. 

6) Step 6: Create a matrix containing all the labels of 

connected components in the image. 

7) Step 7: A set of property of all the connected components 

is measured. 

8) Step 8: Image is displayed and a hold on is applied on it. 

9) Step 9: Using labels found in step 6 and applying 

bounding box, position of red colored components in the 

image is calculated. 

10) Step 10: A rectangle plot is drawn on position evaluated 

in step 9 by using a rectangle function 

F. Algorithm for Combining Motion and Color Detection 

1) Step 1: Input video on which lucas kanade is to be 

applied and then load its two consecutive frames. 

2) Step 2: Resize both the frames entered in step1 by first 

doubling their precision and then reducing their size to 

half. 

3) Step 3: Now start applying lucas kanade on both the 

frames by finding Ix, Iy and It for every point by using 

convolution2 function. 

https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Color
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https://en.wikipedia.org/wiki/Sample_(signal)
https://en.wikipedia.org/wiki/Color_space
https://en.wikipedia.org/wiki/RGB_color_space
https://en.wikipedia.org/wiki/Computer_displays
https://en.wikipedia.org/wiki/YCbCr
https://en.wikipedia.org/wiki/HSV_color_space
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4) Step 4: Now get A in matrix form such that A= [Ix Iy]. 

5) Step 5: Now velocity vector is calculated ie. V=pinv 

(A)*b, where b=-It. 

6) Step 6: These velocity vectors calculated in step above 

are downsized. 

7) Step 7: By using hold on function retain the effects of 

optical flow on second frame and apply color detection 

on it. 

8) Step 8: Each pixel of the second frame is in the form of 

element of the matrix. 

9) Step 9: Conversion of second frame to gray scale and 

then subtract each element of gray image from frame 

second (:,:,1). 

10) Step 10: use median filter to filter out noise present in 

subtracted image. 

11) Step 11: By using im2bw the gray scale image is 

converted into a binary image. 

12) Step 12: All the connected components are removed 

from the image. 

13) Step 13: To create a matrix containing all the labels of 

connected components in the image. 

14) Step 14: A set of property of all the connected 

components is measured. 

15) Step 15: Image is being displayed and a hold on is 

applied on it. 

16) Step 16: Using labels found in step 6 and applying 

bounding box position of red color components of image 

is calculate. 

17) Step 17: A rectangle plot is drawn on position evaluated 

in step 9 by using a rectangle function. 

18) Step 18: Velocity vectors are plotted on second frame by 

using quiver plot starting position from change in first 

image and ending on second. 

19) Step 19: Use hold off function at end. 

III. RESULTS AND ANALYSIS 

 
Fig. 2: Two consecutive frames used for motion detection. 

 
Fig. 3: Result of Lucas kanade technique. 

 
Fig. 4: Result of color detection technique. 

 
Fig. 5: Combination of outcome of motion and appearance 

detection. 

IV. CONCLUSION 

In most of anomaly detection techniques anomalous behavior 

exhibited by objects is detected either by appearance or by 

motion of objects which do not provide appropriate outcomes 

or are having high error rates. This limits the performance of 

techniques and limits their application to fewer areas. 

Detection by combination of both motion and appearance is 

based on detecting any abnormal activity having abnormality 

in both motion and appearance. This method would define 

objects from the view of motion and appearances, so this can 

be widely used in various surveillance scenes. These methods 

work well on real time videos which have abnormal events in 

them. Hence the combined approach can work in a more 

appropriate and correct manner. 

This program can be tested on low resolution videos 

as MATLAB does not support high resolution videos, so in 

case of high resolution videos they need to be first converted 

into low resolution. Number of frames of videos are tested 

and proved to be accurate. This can be used in any field of 

video surveillance where motion and color recognition plays 

a role eg: medical science, traffic signals etc. It has a broad 

future scope as many other advanced methods of motion and 

appearance detection can be applied. This technique is 

capable of detecting any of the three colors i.e. red, green and 

blue along with motion by comparing consecutive frames 

within a video by using lucas kanade method which works on 

only one pixel difference within frames. This project can 

make detection of objects purely automatic on basis of 

appearance and their movement. 
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