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ABSTRACT

Object detection isan evolving research field duetoits wide applicationsin many areas such astraffic surveillance,
motion analysis, 3D reconstruction, activity recognition, medical imaging etc. However real time object detection
isachallenging task dueto dynamic tracking environment and different limiting parameters|ike anthropometric
variations, view point, dimensionsof an object, cameramotions, cluttered background, occlusion etc. In this paper,
a moving object method has been proposed which makes use of optical flow in conjunction with motion vector
estimation for object detection in a sequenceof frames. The optical flow gives valuable information about the
object movement. The motion vector estimation technique can provide an estimation of object position from
consecutive frameswhich increasesthe accuracy of thisalgorithm and helpsto provide robust result irrespective of
image blur and cluttered background. The use of median filter with this algorithm makes it more robust in the
presence of noise. The obtained resultsindicatethat proposed method performswell over conventional methods.

Keywords: Feature-based object detection, Motion detection, Optical Flow.

1. INTRODUCTION

With rapid growth of technology, the applications are increasing with the implications of computer vision
based system. Computer vision makes computer “see” like ahuman being. One key application of computer
vision is object detection and/or recognition. The method that is widely used to get the basic information or
the early processing steps to get information from the given data is usage of optical flow [1, 2]. Optica
flow disseminates the velocities of moving points in an image. And it is the consequence of relative motion
of moving object with respect to static background. Therefore, optical flow delivers important information
of object momentum w.r.t. time. Difference in the optical flow for different objects helps segmenting the
images and certainly detecting the particular region of interest.

The real time object tracking is an important issue in computer vision. It has its role in a number of
research areas such as object motion estimation, human and non-human activity recognition, vehicle
navigation, 3D representation and 3D reconstruction, etc. The object tracking is more popular in automated
surveillance applications because in surveillance systems single human operator cannot monitor the area
under surveillance if number of cameras increases. In medical diagnosis, sometimes the physician cannot
analyze video captured by the instrument; in such critical cases object detection and tracking system works
more efficiently than human being.

Inapplicationsfor anintelligent video surveillance system|[ 2], the detection of a human being isimportant
for human gait characterization, abnormal event detection, people counting, pedestrian detection, person
identification and tracking, gender classification, fall detection of elderly people, etc.

Optical flow for motion vector estimation and object detection has been used in proposed method.
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2. RELATED WORK

There have been many researches done for object detection. Every of the technique proposed in literature
have some pros and cons. All available techniques based on their approach of operations can be placed in
some categories and these are as follows.

2.1. Feature-based object detection

Image features standardization and registration of reference points are important objectives in feature-
based object detection [3]. Features are the information coded from primary image information as color,
shape, texture etc. The images are transformed to different color spaces to handle change in resolution,
orientation and illumination. Features are extracted from image and the objects of interest are modeled
based on these features. Object detection is then achieved as by doing pattern matching of features of
objects in image.

2.2. Shape-based approaches

Complexity in segmenting objects of interest in images makes shape-based object detection [4] a harder
problem. In order to detect the boundary of the object, theimage needsto be preprocessed for all kind noise
removal and image enhancement. The filters and other image enhancement algorithms depend on the
application space and/or scene. The segmentation algorithms are required for segmenting different types of
objects such as persons, fly's, animals etc. For complex scenes, scale invariant transformations and noise
removal isalso required. After the detection of object, the object islocated by its boundary which is marked
by edge detection and/or boundary-following algorithms. The problem of object detection and its position
localization gets more complex for complex scenes involving occlusions and shading on objects of interest.

2.3. Motion based object detection

Moving objects detection [3, 5], obvioudly is of important significance in video processing for object
detection and tracking. A lot of research has been done on the object detection and tracking in last few
years. When compared to object detection without using motion information, the motion detection adds
complexity in the form of temporal change requirements of moving object. While on other side, motion
based detection provides some other information source for object tracking.

3. PROPOSED METHOD

In this paper, a robust method for object detection is proposed which covers detection of moving objects
with static background. A technique utilizing optical flow [2] is proposed here for moving object detection
and tracking. This technique is simple and legible to work in real time processing for object detection.
Some pre-processing and post-processing techniques are also applied to improve the quality of frames
which were extracted from the video and also to improve the quality of result which were finally obtained.

3.1. Optical Flow

Motion detection is one integral operation in many of the image processing tasks. One approach to detect
motion of objects in any scene is optical flow [2]. Optical flow cannot be computed locally, since at one
point only one independent measurement is available in any image sequence. But velocity of the flow has
two components, one is in horizontal direction and other in vertical direction.

E=[J(Lu+lv+ It)zdxdy+ocﬂ{(%f+[2—;j +(%}2+[%j }dxdy (1)
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Consequently, optical flow givesimportant information about rate of change of the spatial arrangement
of the objects in the video. Thisis the velocity information of the moving object and is calculated based on
movement in consecutive frames. The optical flow between two images is computed by applying some
flow congtraints. The first is spatial coherence and the equation 2 follows this constraint.

lu+lv+Il =0 2
X y t
Lo 1, and | [8] are the spatio-temporal image brightness derivatives. u is the horizontal optical flow andx is

the vertical optical flow. It useseither the Horn-Schunck or the L ucas-Kanade method to find these variables
uandv.

Horn-Schunck M ethod: The assumption taken hereisthat the optical flow is continuosly smooth over
the entire image. Based on this assumption, the Horn-Schunck method computes the estimate of velocity
vector [u V], that minimizes the above equation 1.

T WA[lu+ | v+ NE (3)

Lucas-Kanade method: To solve the optical flow constraint equation for u and v, the Lucas-
Kanade method divides the origina image into smaller sections and assumes a constant velocity in
each section. Then, it performs a weighted least-square fit of the optical flow constraint equation to a
constant model for [u v] in each section [7]. The method achieves this fit by minimizing the above
eguation 3.

3.2. Phases

Step 1: Either enter the video or capturealive video which you have selected for the moving object detection.
For reading a recorded video, MATLAB function VideoReader() has been used.

v = VideoReader(file name) creates object v to read video data from the file named filename.
The specification of video which we chose for running our agorithm are:

Frame Width & Height - 640x480

Data Rate - 200 kbps

Frame Rate -30 fps.

For reading live video stream from the webcam, we used imag.VideoDevice function.

obj =imag.VideoDevice(adaptername) creates a VideoDevice System object, obj, using the first device of
the specified adaptername. adaptername is a text string that specifies the name of the adaptor which
communicates with the device.imaghwinfo function and is used to determine the adapters available on the
system.

Step 2: Read a black image for plotting the motion vectorg 8] which we will get using the optical flow.

Sep 3: Preprocessing steps are applied in the extracted frames to improve the performance of optical
flow calculation. Several filter [9, 10] operations are done as a part of pre-processing which intensify or
reduce certain image details that enables easier and faster evaluation.

Examples: Normalization Edge filters Soft focus, selective focus, User-specific filter; Static/dynamic
banarization; Image plane separation Binning.

Each of three frames applies Gaussian filter and average filter for noise removal and applies histogram
equalizations for contrast enhancement. Numerous image filters are used for imageoptimization, noise
suppression,edgeenhancement, character modification etc.
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Figure 1: Framework of the proposed method

Sep 4: Now we apply optical flow on each extracted frame to get the motion vectors and then plot the
motion vectors [2] on the above black image to get the information about the moving object.

Sep 5: Then we apply morphological operation dilation to gradually enlarge the boundaries of regions
of foreground pixels. Dilation isabasic morphological operation modeled as asimple mathematical function.
Dilation was originally developed for binary images while later on it was expanded to grayscale images
and then to complete colored lattices. The dilation operation usually uses a structuring element for probing
and expanding the shapes contained in the input image.

Step 6: Next we find top and bottom right white pixel having value 1. Then we use symmetry to draw
a rectangle on one of the three frames extracted in step 2. Using these points to draw the rectangle, start
from the first row of image and keep scanning until we find one. Similarly for the bottom right point, start
scanning from the last row and last column of image and continue.

4., RESULTS
Various parameters which were used to show the results of our proposed algorithm are:

False Positive - An error which indicates presence of a condition when actually it is not present.
True Negative - An error in which atest results in absence of a condition when it is present in actual.
Intermediate results obtained after the application of various techniques are:-
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Figure 2: Applying Median Filter Figure 3: Applying Gaussian Filter

Figure 4: Applying Histogram Equalization Figure 5: Applying Erosion

Figure 6: Applying Dilation

After the variousintermediate results,what is obtained as final result is the detected moving objects are
shown by the vectors in the images below-
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Figure 7: Image depicting moving objects Figure 8: Image depicting moving objects

A graph showing the accuracy, false positive rate and true negative rate of Three Frame Differencing
algorithmis plotted in fig 9.
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Figure 9: Accuracy, FPR, TNR of Three-frame differencing technique

Tablel
Table showing the results of three frame differencing against which graph hasbeen plotted.
Frame Rate Accuracy Fal se Positive Rate True Negative Rate
4 78.3 23.7 114
6 76.4 259 12.4
8 76.8 249 14.8
12 74.8 27.6 16.3
18 70.7 29.1 19.6
18 65.2 314 19.8

Graph showing the results of object detection using Optical Flow, i.e. accuracy,false positive rate and
true negative rateis plotted in fig 10.
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Figure 10: Accuracy, FPR, TNR of optical flow
Table?2
Table showing false positiverate, true negative rate and accur acy of Optical Flow

Frame Rate Accuracy False Positive Rate True Negative Rate
4 89.8 125 7.1
6 88.7 13.7 6.7
8 874 145 7.8
12 85.1 16.7 6.9
15 819 16.9 8.5
18 79.5 17.2 8.9

Graph showing the result of comparison between Three Frame Differencing and Optical flow which
has been shown by fig 10 and Table 3 below:
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Figure 11: Accuracy of Three Frame Differencing vs. Optical flow

Table3
Accuracy tableof 3 frame differencing vs. Optical flow

Frame Rate Accuracy of three frame differencing Accuracy of Optical flow
4 78.3 89.8
6 76.4 88.7
8 76.8 87.4
12 74.8 85.1
15 70.7 81.9
18 65.2 79.5
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In our algorithm, the Frame Rate is varied and different percentage ofaccuracy, false positive and true
negative frames are obtained, which is plotted in the graphs shown above.

5. CONCLUSION

This project is proposed for moving object detection based on the optical flow. As a conclusion, traditional
three frame differencing can be enhanced to get better and more accurate results. This is shown by adding
optical flow. The algorithm developed is performing vehicle detection and then tracking. This system then
can be used for counting vehicles and checking speed of vehicles at roadways and freeways. The further
adaptations can be done for developing an advance warning intelligent transportation system that alerts
commuters in advance of speed reductions and congestions.

REFERENCES

[1] SanjivaniShantaiya, KesariVerma,Kamal Mehta, “Multiple Object Tracking using Kalman Filter and Optical Flow”,
European Journal of Advancesin Engineering and Technology, 2015, 2(2): 34-39.

[2] SepehrAslani, HomayounMahdavi” Optical Flow Based Moving ObjectDetection and Tracking for Traffic
Surveillance” \World Academy of Science, Engineering and Technol ogy I nternational Journal of Electrical, Computer,
Electronicsand Communication Engineering Vol:7, No:9, 2013

[3] Usham Diasand MilindRane Department of Electronics and Telecommunications, Vishwakarma I nstitute of Technol ogy,
India. “Motion based detectionand classification for night surveillance”.

[4] International Journal of Advanced Research in Computer and Communication Engineering Vol. 2, 1ssue 9, September
2013 Object Detection in Video Frames Using Various Approaches kalaivani.R 1, Manichachezhian. R.

[5] International Journal of Emerging Technology and Advanced Engineering ,Volume 2, Issue 1, January 2012. “Motion
Detection based on Multi FrameVideo under Surveillance System”, Nedlam Patdl.

[6] Liu-baiLi, “Efficient Fast Object-Tracking Scheme Based on Mationvector-located Pattern Match”, JOURNAL OF
SOFTWARE, VOL. 7,NO. 5, MAY 2012.

[7] Deging Sun, Stefan Roth, J.P. Lewis, and Michael J. Black, “Learning Optical Flow”, Springer-Verlag Berlin Heidel berg
2008 pp. 83-97, 2008.

[8] J.L.Barron, D.J. Fleetand S.S. Beauchemin, “Performance of Optical Flow Techniques’ 1JCV 12:1,pp 43-77, 1994.

[9] AlperYilmaz ,OmarJaved ,Mubarak Shah, “ Object Tracking: A Survey” ACM Computing Surveys, Vol. 38, No. 4, Article
13, Publicati on date:December 2006.

[10] Himani S. Parekh, Darshak G Thakore ,Udesang K. Jaliya, “A Survey on Object Detection and Tracking Methods”,
International Journal of Innovative Research in Computer and Communication Engineering.

[11] Takahiro Kodama, Teruo Yamaguchi and Hiroshi Harada, “A Method of Object Tracking Based on Particle Filter and
Optical Flow to Avoid Degeneration Problem”, SICE Annual Conference 2010 August 18-21, 2010, The Grand Hotel,
Taipei, Taiwan.

[12] AnnanLi and Shuicheng Yan, ** Object Tracking With Only Background Cues’, IEEE TRANSACTIONSON CIRCUITS
AND SYSTEMS FORVIDEO TECHNOLOGY, VOL. 24, NO. 11, NOVEMBER, 2014.

[13] Sukeshini N.Tamgadel, VibhaR.Bora2, “Mation vector estimation of videoimage by Pyramidal implementation of Lucas
Kanade Optical flow”, Second International Conference on Emerging Trendsin Engineering and Technology, ICETET-
09.

[14] B.D. Lucas, T. Kanade: “An interactiveimageregistration techniquewith an application to stereovision”, Proceedings of
the 7th International Joint Conferenceon Artificial Intelligence, pp. 674-679, 1981.





