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ABSTRACT 
 

Automated surveillance systems are gaining importance 

because of their vast applications at the border while security 

is concerned. Various algorithms are developed and 

technologies are used to improve the efficiency of these 

surveillance systems. Efforts are being made to reduce the 

number of false alarms and detect any kind of suspicious 

activity happening in the region of suspicion within no 

seconds. These suspicious activities include drug smuggling, 

illegal immigrants crossing the borders and last but not the 

least, terrorist intrusion. These activities need to be detected 

and analyzed in order to conclude if the activity is suspicious 

enough to be classified as a threat. The existing systems 

deployed at the border are not efficient enough to detect threats 

and hence this paper is designed with an objective of presenting 

a better algorithm to make a better automated surveillance 

system. The sole purpose of this algorithm is to increase 

security at the border because safeguarding the border till date 

continues to remain a challenge to our country. 
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1. INTRODUCTION 
Security at the border has always been one of the greatest 

challenges to its country. It is very important to protect and 

safeguard our border from all kinds of malicious activities that 

might take place. These malicious activities if not identified at 

the right time can leave the whole country at risk. Nation’s 

security depends mostly upon the kind of security that has been 

imposed at the border. One cannot rely on humans for 

surveillance because this kind of surveillance requires long hours 

of concentration. To overcome this drawback of manual systems 

which rely upon the humans, we use automated surveillance 

systems. The surveillance systems are designed in order to detect, 

analyze and generate an alarm if any suspicious activity is 

detected. The automated surveillance system’s efficiency is 

increased can be used as an asset for the protection of the border 

and ultimately safeguarding the country. A better algorithm is 

the need of this hour. The algorithms that exist do not provide the 

desired results when two or three suspicious activities take place 

at the same time in the region of suspicion. The existing 

algorithms also fail when a single object starts demonstrating 

multiple behaviours. A system that overcomes these drawbacks 

can help to safeguard the country in the best possible way. 

 

2. RELATED WORK 
Manish Khare [1] used Haar-like features to train the image set. 

He then used this system to detect the humans and tracked them 

using particle filter. His system allowed to detect a human in poor 

lighting conditions, different shapes and sizes etc. His system can 

also detect multiple human objects in a video. Object detection is 

done using a machine learning approach which is based on Haar-

like features. While training the human detector binary adaptive 

boosting is to speed up the process. 2000 positive images 

(contains human) and 2700 negative images (non-human) are 

collected to train the detector. After the collection of the samples, 

the next step is Haar-like feature extraction from the samples. 

Rectangular Haar-like features an integral image representation 

has been used for fast feature extraction. Haar-like features are 

used because; as the data sets become large it is going to be more 

difficult and complex to extract the features from the data-set. 

Integral image facilitates easy and fast calculation of features 

hence reducing the computation effort. Image data-set which 

consist of different images of human beings (different poses, 

sizes etc.) are used for training. After detection, tracking comes 

in the picture. For this particle filter has been used. It is having 

the capability to represent a non-linear object tracking system in 

presence of non- Gaussian nature of noise. Multiple objects can 

be tracked in two ways, first by creating multiple particle filters 

for each track and another one is by having a single particle filter 

for all tracks. In particle filter set of weighted particles are used 

to represent the uncertainty in humans state. Using a motion 

model, filter reproduces particles from the previous frame to the 

current frame, computes a weight for each propagated particle 
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using an appearance model, then re-samples the particles 

according to their weights. Steps involved in this process are 

prediction, Likelihood and re-sampling. Color Histogram is used 

to represent the newly detected human object. Likelihood of the 

particles is calculated through this histogram in the future frames. 

 

Nizar Zarka [2] created a system that can detect humans in both 

indoor as well as outdoor environments. He first designed an 

adaptive background model which is robust and can deal with 

different lighting conditions and object occlusions. He used a 

background subtraction method to get the foreground pixels. 

After obtaining the foreground pixels he applied noise cleaning 

and object detection techniques to detect the human objects. 

Once the human object was detected he used human modelling 

methods to recognize the activities performed by these detected 

objects. 

 

Neha Gaba [3] used an advanced approach which is applied on 

videos for detecting motion of the objects. Using her system a 

complete moving object is detected which is vigorous even if the 

brightness varies continuously, surrounding environments and 

noises are dynamically varying. To build the model she used an 

approach which is dependent on pixel and non-parameterized 

and is associated with the first frame of the video. Once she 

captured the subsequent frame she detected the foreground 

which is used to represent the different detected objects and then 

its background. She then identified and removed the ghost 

objects using unique tracking methods. Shortcomings that were 

present in currently developed techniques were overcome by 

using a single set of variables. 

 

Chun-Ming Li [4] proposed an algorithm which is used to detect 

the human body and is based on the information which is gained 

from the movement and shape of the human. He detected a 

moving object by using the Eigen object which is computed from 

the initial video frame. The human is differentiated from other 

objects by using their shape. Continuous multiple frames are 

used to check whether there is occlusion between two objects. 

Due to the elimination of shadows which are associated with 

objects minimizes their effect on the human body. 

 

Hyukmin Eum [5] found a method to recognize human action at 

night. He used an infrared thermal camera which works on heat 

signatures emitted by the body instead of normal visual 

attributes. He preferred this camera as it was easier to detect 

human movement at night time. 

 

Xiaoshi Zheng [6] proposed that one of the most important steps 

in video surveillance is the detection of moving object. These 

applications are achieved using frame difference algorithms. He 

first obtained the moving pixels of frames in the video by using 

an automatic threshold calculation algorithm. After that, he used 

morphological operation for the formation of moving regions. 

The distance which is the shortest between the two regions was 

calculated at last and this distance was used in region 

combination. This surveillance application is fully automatic 

and efficient. 

 

Sequential multimedia data were processed using Recurrent 

Neural Network (RNN) and Long Short-Term Memory (LSTM). 

RNN and LSTM achieved a very good result in processing this 

type of data. These networks were used in recognizing the 

speech, processing of the video, digital signal processing and 

analyzing the text data. In this paper, Amin Ullah [7] found a 

method which is used for action recognition by using 

Convolutional Neural Network (CNN) and deep bidirectional 

LSTM (DB-LSTM) on the video frames. For minimizing the 

redundancy he used every sixth frame of the incoming video for 

extracting deep features. To learn the sequential information from 

the frame features and to increase the depth he used multiple 

layers which are combined together in both forward passes as 

well as the backward pass of DB-LSTM. This method is used in 

learning long term sequences and in the processing of large 

videos by evaluation of its features for a fixed interval of time. 

Action recognition is improved to a large extent by using this 

method. 

 

3. OUR METHOD 
The flow diagram in figure 1 depicts our system framework 

containing multiple stages. These stages start from taking frames 

of the video to the result that is suggesting an appropriate action 

in case of intrusion detection. Some of the major steps that we 

have taken in this paper include, YOLO which is used in order 

to detect human objects present in the frame and track their 

movement in the incoming video. The Haversine formula is used 

in calculating the position of an intruder with respect to the 

camera. Now the output of the Haversine formula is used in order 

to plot the exact location of an intruder on a map. If the intruder 

is detected inside of our territory then the system suggests 

appropriate actions and alert concerning authorities. 

 

 
Fig. 1: Flow diagram 

 

3.1 YOLO 

YOLO stands for ’You Only Look Once’ is a real-time object 

detection technique. In this, we have given one full frame to one 

single neural network. By using this network the image is 

divided into regions and for each region bounding box and 

probability is predicted. Weight is given to these bounding boxes 

by using these predicted probabilities. Since object from the 

camera is calculated at the starting and using these parameters 

along with the camera’s coordinates we can calculate the exact 

location i.e. the latitude and longitude of the detected object from 

a given frame. Haversine is very fast in calculating the desired 

coordinates hence it becomes easy to plot the location of an 

intruder on the map. The simplified version of the Haversine 

formula [13]: 
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It uses one single network hence it is much faster than other 

neural networks. Different objects are detected easily using 
YOLO. It helps us in two ways: 
 

3.1.1 Problem of occlusion: By using YOLO we minimize 

with the problem of occlusion as it considers occluded objects as 

one single entity. 

 

3.1.2 Object detection: Objects are detected uniquely and fast 

by using YOLO with the help of appropriate hardware 

components. 

 

By using the bounding boxes we get the center coordinates of the 

objects which are used in Haversine. Figure 2 depicts the output 

of YOLO. 

 

 
Fig. 2: Object is standing 

 

 
Fig. 3: Object is exiting from the scene 

 

3.2 Haversine method 

Here our aim is to obtain the coordinates that are longitude and 

latitude of the object. In order to do so, we have to get the location 

of the object with respect to the camera so that we can get the 

coordinates of the object and plot it on the map. For this 

Haversine formula has been used. Haversine is used on the 

surface of the sphere to get the shortest distance between two 

points. Range and the initial bearing of the 

d = distance between the 2 points 

r = 6371 km (Earth’s radius) 

ϕ1, ϕ2 = latitude of point 1 and latitude of point 2 (radians) 

λ1, λ2 = longitude of point 1 and longitude of point 2 (radians) 
 

3.3 Map 

The map plays a vital part in this system. The exact location of 

the intruder is shown through the map and it is used to check 

whether the intruder is inside of our territory or not. Here we take 

the output from the Haversine formula that is coordinates of the 

object and by using these coordinates we are able to plot the 

correct position of an intruder on the map. The map is properly 

tested and built to avoid fake intrusion alerts. After every 2 

seconds map is refreshed to get the current exact location of the 

intruder. Figure 3 shows the position of the camera and intruder 

in real time. 

 

 
Fig. 4: Map showing positions of camera and intruder 

 

3.4 Action suggested 

The last and most important step of this system is to suggest 

appropriate action to the user when an intrusion activity is 

detected. If the intruder is inside of our territory then the system 

can sound the alarm and give the precise location of the intruder 

so that he can be apprehended without any complications. It also 

provides a list of appropriate actions to the user so that he can 

easily take the correct action and alert the authorities 

accordingly. Action algorithm is properly trained so that it 

doesn’t raise fake alarms and suggest corrective actions. 

 

4. EXPERIMENTAL SETUP 
We have performed these experiments using hardware which are 

easily accessible. For enhancing the system performance we have 

used a homogeneous set of hardware components. The 

components needed for our system consists of Intel Core i7 

processor, 16GB of RAM, 8GB Nvidia 1050Ti GPU (Graphical 

Processing Unit). The operating system used in our model is 

Ubuntu 16.04 LTS and the disk storage size required is 2GB. 

YOLO v3 is used for real-time object detection along with 

OpenCV-3.2.0 and CUDA 10. By using this hardware 

configuration we are able to detect a human object in real-time 

at the rate of 30 FPS. 

 

5. RESULTS AND OBSERVATION 
Here, we have compared the accuracy of the system in predicting 

human object detection in different conditions such as partial 

images, blurry images, different lighting conditions, varying 

poses and scenarios. The accuracy varies in mentioned 

conditions in the range of 0 to 100(%). As mentioned above to 

perform the experiment a homogeneous configuration of 

hardware is used. 

 

Table 1: Accuracy in different environments 

Different environment conditions / Poses Accuracy (%) 

Standing 99 

Walking 97 

Occlusion 94 

Laying 90 

Blurry 94 

Exited / Entry 80 

 

The figure 5 shows us the accuracy of our system in detecting a 

human object in different environments. 
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Fig. 5: Accuracy in different environments 

 

6. CONCLUSION 
In our paper, we have presented an approach which uses YOLO, 

OpenCV and CUDA coupled with haversine formula for the 

detection of human objects. The exact location of the human is 

plotted on the map. Moreover, we have checked the accuracy of 

our system for different environments. It has been observed that 

the object having occlusion and noise has less accuracy as 

compared to other objects. Thus, by using this system human 

detection can be done independently with minimal human 

intervention. 
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