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ABSTRACT
Rapid increase in human population and their encroachment into forest areas have
posed several threats to human life and their livelihood. This has subsequently led to a demand
for real time surveillance systems that detect the entry of these animals and notify the concerned
authorities. We propose a robust architecture that uses motion detection to isolate the potential
targets in a visual scene. The target selection mechanism is based on a simple scheme for
detecting moving objects. In addition, a pattern recognition module will analyze potential
targets using Histogram of Oriented Gradients (HOG) algorithm, in order to distinguish the
harmful animals from innocuous ones. Compared to traditional algorithms, HOG offers
significantly higher accuracy. Further, the system also includes a GSM and GPS module to
apprise the forest department about the type and location of the detected animal respectively.
Through software and hardware debugging and actual estimation, our system was found to
reach the expected goal.
Index Terms: Histogram of Oriented Gradients (HOG), Motion Detection, Pattern
Recognition, Support Vector Machine (SVM)
I.

INTRODUCTION

Due to the limitations of current wildlife monitoring technologies, the behaviour of free
ranging animals, remains largely unknown. Deficit of efficient real time surveillance systems
limits the ability to determine the entry of an animal in order to take suitable protective
measures. Hence, there is a need to develop a robust method for tracking animals using state of
the art imaging techniques.
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Processing large number of images, for identification of animals continues to remain a
challenge. At present, all camera-based studies of wildlife use a manual approach where
researchers examine each photograph to identify the species in the frame. For studies collecting
several photographs, this is a daunting task.
Hence, there is a need for a system which not only captures the image of trespassing
animals but also classifies them as harmful. This system should further duly notify the
concerned authorities.
II.

RELATED WORK

M.A.H.B. Azhar, S. Hoque, F. Deravi , in their work of tracking of individual animals
using distinctive skin patterns on the belly, for population estimation of The Great Crested
Newt, specify the identification of individual animals by segmenting the Region of Interest
(ROI). This method was found to be particularly useful for the identification of animals with
skin patterns, which when detected can automatically be utilised to classify the animal [1].
Thiago C. Silva, Thiago H. Cupertino, and Liang Zhao proposed a data classification
technique which combines both low level and high level learning. Low level learning, classifies
data instances by their physical features. On the other hand, high level learning measures the
compliance to the pattern formation. The method proposed in this paper is particularly useful in
ensuring that the technique used for pattern classification is reliable and offers a good hit rate
[2].
Angel Noe Martinez-Gonzalez and Victor Ayala-Ramirez introduced a method of using
neural networks to develop a face detection system which is capable of operating in real time.
The system used human skin colour properties to perform a face search, these properties are
then detected on a pixel by pixel basis [3].
Narges Ghaedi Bardeh and Maziar Palhang presented a bag-of-features model for
human detection. Visual words described by HOG are clustered using K-means algorithm. This
is followed by a Support Vector Machine (SVM) as their classifier [4].
III.

MOTIVATION

In recent times, there has been a severe loss of animal habitat due to industrialization and
explosion of human population. There is, hence, very little distinction between forest and urban
areas, forcing the animals into villages. Incidents of man-animal conflict are reported from
different States and Union Territories. The World Wildlife Fund estimated that only about
3,200 tigers are left in the world. At the same time, the number of tiger attacks is up 30 percent
over the past decade. Also in India, wild elephants probably kill far more people than tigers,
leopards or lions. But, surprisingly, human conflict involving leopard draws great amount of
public attention compared to other animals. The Government is giving highest priority to
mitigate the problem. Animals like elephant, tiger, leopard, wild dog, wild boar, bear, etc. are
major animals involved in human-animal conflict in India.
IV.

METHODOLOGY

Computer-assisted species recognition on images captured by a camera could make the
task of recognising more efficient, and reduce, if not remove, the amount of manual work
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involved in the process. However, in comparison with the typical video from surveillance of
building and street views, camera trap of animals amidst vegetation are more difficult to
incorporate into image analysis routines because of low frame rates, background clutter, poor
illumination, image occlusion, and complex pose of the animals.
Camera-based studies of wildlife require using image analysis to identify individual
animals based on their skin texture and patterns (if any), body contour and presence of explicit
features like horns, trunks and tails. Identification of individual animal species is a non-trivial
task. The basic steps involved in the detection of an animal and subsequent classification would
include motion detection and pattern recognition is illustrated in fig1.

Fig 1. Block Diagram of animal recognition system
A. Image Acquisition
Particular to the field of wildlife imaging is the requirement of efficient memory
utilisation. To facilitate this, the module enables the user to identify the region to be
concentrated on. This eventually eliminates the possibility of false alarms that maybe triggered
due to irrelevant movement.
The proposed system triggers the sensors to capture an image only when it detects
motion. The motion detection algorithm needs to be insensitive not only to movement of
surrounding vegetation but also variations in climatic conditions. In order to achieve the
aforementioned objective the camera continuously captures images of low resolution. Only
when sufficient movement is detected, a high resolution image is captured. Consequently the
low resolution images are erased from memory, retaining only those images that carry
substantial amount of relevant information.
Frame differencing is subsequently carried out to find the number of varying pixels between
two consecutive frames. If the number of pixels with different RGB values is beyond the set
threshold, it is an indicator of motion. This will trigger the camera to take an image which is
then passed on to the pattern recognition module
B. Pattern Recognition
The human mind learns to differentiate between animal species through experience.
This is not as easy in a computer since it will have to be trained to do the task. An extensive
database of all the animals consisting of labelled images will have to be created. This includes
positive and negative images which provide the computer the ability to differentiate between
the animal species and be capable of taking further action.
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For our purpose, we make use of Histogram of Oriented Gradients (HOG) algorithm for
animal detection. HOG is popularly used for human face detection. Although performance of
HOG is significantly better than other face detection algorithms, it is a computationally
intensive process since the dimensions of the descriptor vectors are very large. Despite these
shortcomings, HOG was chosen to be the suitable algorithm because like human faces, animal
faces also have fixed inter-class structure. This ensures a good hit rate that is vital for reliable
performance of the system.
The steps involved are as follows:
1. The first step in this algorithm would be to normalize the colour and gamma values. In
order to perform this, the following derivative mask is used for filtering H=[-1 0 1]T
2. The image is then divided into a number of cells. In order to make the algorithm more
robust, the cells are grouped into blocks.
3. A user defined window is then applied to the image to calculate the gradients of each
pixel.
4. The presence of blocks can account for changes in illumination and contrast, by locally
normalizing the gradient strengths.
5. The HOG descriptor is the vector of the components of the normalized cell histograms
from all of the block regions.
6. After calculating gradients for all pixels in each cell of the image, they will be quantized
into a user defined number of bins.
For optimum results, the components are organized into 9 bins with a range of 20 degrees
per bin.
7. The next step is to normalize each of the blocks. This step finally yields a normalized
column vector.
8. The final step involves feeding the extracted features to a classifier. For the case of
pattern recognition, Support Vector Machine (SVM) classifier is used.
SVM classifier is a binary classifier which fits an optimal hyper plane as a decision
boundary. Once trained on images containing some particular object, the SVM classifier can
make decisions regarding the presence of an animal in a group of test images.
C. Communication Module
After a reliable decision about the animal species has been made by the preceding
module, it is important to convey the same to the relevant authorities. This ensures that they can
take suitable precautions to prevent the inadvertent consequences caused by animal entry. For
this purpose a GSM unit can be utilized. Since the systems are proposed to be installed in
forest-village boundaries, it is assumed that mobile network is available. A GPS module helps
in conveying precise information about the location of animal trespass.
In the absence of mobile network, an alternate means of communication such as Wi-Fi
can also be utilized.
Fig 2. Demonstrates the complete prototype for animal detection and tracking. The
presence of an actuation module in the system facilitates tranquilization of the animal based on
its species in order to avert potential damage.
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Fig 2. Block Diagram of Wildlife Monitoring and Actuating System
V.

RESULTS

For the purpose of simulation, a database of harmful animals and harmless animals
were created. 263 images of harmful animals were taken, comprising of tigers, lions, elephants,
leopards and cheetahs. The harmless animals taken for our study included different types of
deer, zebras, giraffes and all kinds of farm animals. This set included 450 images. Fig. 3 and 4
demonstrate a sample set of the harmful and harmless animals respectively.

Fig 3. Training set - Harmful Animals(Tigers)
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These training images were fed into a multilayer neural network. HOG algorithm was
used for each of the training images, resulting in an 81 X 1 column vector.

Fig 4. Training set - Harmless animals
For the purpose of classification, HOG features of each individual animal is extracted.
This is in turn utilized by the SVM module.

Fig 5. HOG features of tiger image
Subsequently SVM based training was performed on all the training images to yield a
training matrix. Binary labels were assigned to each of the training matrices. This was followed
by SVM based classification. Ten testing images are shown in fig 6. The classification
algorithm was clearly able to detect and segment the tiger as illustrated.
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Fig 6. Simulation Results for tiger identification
Since SVM is a binary classifier, successive classification was performed in case the
animal was categorized as harmful. The final stage in our pattern detection approach clearly
detected and identified the type of animal as demonstrated in the flowchart in fig 7.

Fig 7. Animal Classification Flowchart
VI.

CONCLUSION

The paper outlines one of the methods to safeguard human habitation by enabling the
relevant personnel to be more responsive to animal intrusion through the intelligent video
surveillance system. The simulation results indicate that the adopted Histogram of Oriented
Gradients algorithm, for pattern recognition of animals, is suitable for the intended application.
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A peripheral device can be incorporated into the system, which utilizes the data obtained from
the pattern recognition module, to enable on-site tranquilization of the intruding animal.
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