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Abstract- The important and challenging task in smart city video analytics is moving object detection and 

identification. It is the primary task of computer vision applications such as security surveillance, vehicle navigation, 

human tracking etc. Multiple cameras are provides wide area surveillance and it generate a large volume of data for 

video analytics. In smart city management, a lot of video data need to be automatically processed and analyzed. In this 

paper, a detailed survey presented the moving object detection, challenges and the applications in smart city 

management. Finally future enhancement is discussed. 
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I. INTRODUCTION 

 In this big data era, video surveillance plays an important 

role in the field of security in smart city management. 

Moving object detection is the basic step in real time video 

analytics in video surveillance system. Video analytics 

involves the automatic analysis of video streams whether 

live or recorded to derive useful information about the 

content. The benefits of video analytics are self-evident  

i.e. it can reduce the need for human operators to view 

hours of camera images, and offer a more proactive 

approach to security by providing the most critical 

information at the right time. Today, it can be used for 

security, safety, people and traffic management of smart 

city management. 

 

Nowadays, various types of moving object detection 

algorithms are presented.  With availability  of  different  

types  of detection  algorithms  makes  difficult  task  for  

researchers  to make decision on which detection  

algorithm is  more suitable for  which situation or 

environmental  conditions. A method should be needed for 

robust to illumination changes, dynamic background and 

camera noise. 

 

A single camera is not suitable for every application 

because it have finite scene structures. The application 

which needs wide area coverage such as traffic 

monitoring, safety and security management, object 

tracking needs multiple numbers of cameras to monitor. 

Multi-camera surveillance now becomes a need of society 

for safety and security [31] of smart city. 

 

The computer vision solution in smart city application 

provides security, surveillance and best solutions to avoid 

security related problems. The computer vision system 

mainly includes basic steps of object detection and 

tracking. Object detection is performed to check presence 

of an object in video or video frames and to precisely 

locate the object [9]. Object tracking is to monitor objects 

in video sequences including its presence, position, size, 

shape etc [3]. Detection and tracking is the toughest task in 

real time platform as well as in more complex scenes due 

to occluded objects, crowded area [3].To perform more 

sophisticated operations for object detection and tracking 

in complex scenes more efficient and accurate algorithms 

are required.  

In this paper section II discussed about the review of real 

time multi camera object detection. Section III presented 

the applications of moving object detection in smart city 

surveillance. Section IV explained research challenges and 

in section V describe the performance metrics for moving 

object detection in video. Section VI presented the 

conclusion. 

II. MULTI CAMERA  MOVING 

OBJECT DETECTION 

Moving object detection defines an activity in a scene by 

analyzing the differences that occur in a series of images 

[5]. In case of wide area coverage and analysis of sequence 

events, multi camera system gives more efficient result 

than single camera. Multiple cameras lead to more number 

of videos that are to be monitored simultaneously. In order 

to track objects successfully in multiple cameras, one 

camera need to communicate among objects captured in 

other cameras [22].The key elements in multi camera 

object detection are object detection, recognition and re-

identification or matching. Object detection in videos 

involves confirming the existence of an object in video 

frame sequences. Recognition and matching are performed 

by the method of feature extraction of detected object. 

Detecting moving objects is an important significance in 

video object tracking and video analytics. This is usually 

done by pixel matching or frame differencing. Any change 

between frames is known as detection [31].  



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-04, Issue-04, July 2018 

232 | IJREAMV04I0440095                        DOI : 10.18231/2454-9150.2018.0486                      © 2018, IJREAM All Rights Reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure1: Types of object detection method 

 

In recent years many algorithms are proposed for moving 

object detection. Each algorithm has its own merits and 

demerits, choosing one particular algorithm is always 

depends on application. Basic motion detection techniques 

involve frame differencing, optical flow, and background 

subtraction.  Figure 1 depicts most widely used techniques 

for moving object detection in multi-camera video 

surveillance system. 

A. Temporal differencing: Temporal differencing 

technique is also known as frame differencing method that 

detects moving object by doing difference of consecutive 

frames (two or three) in a video sequence[18]. Presence of 

moving object is detected by subtracting the current frame 

from background frame. If the difference in pixel values 

for every pixel is greater than the threshold, then the pixel 

is considered part of the foreground [1].It is not applicable 

for still object detection and cannot be used for real time 

applications [5][14][30]. 

B. Optical flow: It uses optical flow distributor 

characteristics of pixels of object [30].It gives better result 

for dynamic camera. It is very complex and it requires 

more calculation also highly sensitive to noise. A 

specialized hardware is required to develop a real time 

application [5][14]. 

C. Background Subtraction: The resolution of the 

acquired images and unavailability of prior location 

information, the detection step is the most time consuming 

task .The background subtraction methods are used to 

reduce the object search to only the moving regions in the 

image [12]. Here each video sequence is compared with 

reference video frame to signify the presence of object. 

The search for the object is then performed via image 

matching.  The difference between the current frame and 

the reference frame is used to detect the moving object [1]. 

Currently used background subtraction methods are 

approximate median[12], running gaussian average, and 

mixture of gaussian [12]. 

Background subtraction has mainly two approaches 1) 

recursive and 2) Non recursive. Recursive type repeatedly 

update single background model based on each input 

frame[9]. It does not maintain a buffer for background 

estimation. Some recursive techniques include 

approximate median filtering[1],and Mixture of 

Gaussians(MoG)[1][12].Non recursive algorithm uses a 

sliding window approach for background estimation and it 

stores a buffer of previous video frames and estimates the 

background image based on temporal variable in each 

pixel within the frame [9]. It is highly adaptive and do not 

depend on history. Some commonly used non-recursive 

techniques include frame differencing, median filtering, 

linear predictive filtering and non-parametric modeling 

[5][12]. 

The table 1 presents the comparative study of different 

object detection techniques. 

  

 

Table 1 : Comparison of object detection  techniques 

 
Object  detection 

Technique 

Basic 

approach 

Accuracy  

of detection 

Computational 

complexity 

 

Remarks 

Authors & year 

 

Temporal differencing 

 

Current 

frame is 

subtracted 

from 

previous 

frame pixel 

wise. 

 

High 

 

Low 

 

 Simple and easy 

to implement 

[3][8]. 

 Only applicable 

for stationary 

background 

[13][8]. 

 

 Chate et al., 

2012. 

 Harithaoglu et 

al., 2000 

 Mohan and 

Resmi ,2014. 

 

Background 

Subtraction 

 

Mixture of 

Gaussian 

 

Based on 

multimodal 

distribution 

 

Moderate 

 

Moderate to High 

 

 Less memory is 

needed [35]. 

 Cannot applicable 

if noise exists 

[30]. 

 

 

 Zhiqiang 

et.al,2006 

 

 Tao Zhang 

et.al,2010 

Multi-camera multiple 

Object Detection 

Temporal 

differencing 

Optical 

Flow 

Background 

subtraction 

Non Recursive Recursive 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-04, Issue-04, July 2018 

233 | IJREAMV04I0440095                        DOI : 10.18231/2454-9150.2018.0486                      © 2018, IJREAM All Rights Reserved. 

 

 

Approxim

ate 

median 

 

Subtraction 

between 

median 

frame and 

test frame 

 

Low to 

Moderate 

 

Moderate 

 

 Requires buffer 

with recent pixel 

value [1]. 

 

 Aldhaheri and 

Edirisinghe, 

2014. 

 

Frame 

differenci

ng 

 

Current 

frame 

subtracted 

from 

background 

frame 

 

High 

 

Low to Moderate 

 

 Simplest method 

[1]. 

 Not suitable for 

real time 

application [13]. 

 

 Aldhaheri and 

Edirisinghe, 

2014. 

 Mohan and 

Resmi ,2014. 

 

Optical Flow 

 

 

Uses optical 

flow 

distribution 

characteristi

cs of pixels 

of object. 

 

Moderate 

 

 

Moderate to High 

 

 Not suitable for 

real time 

application.[10] 

 More calculations 

are needed [10]. 

 

 Krishna et.al , 

2011 

There are numerous moving object detection algorithms 

are presented based on various methods such as 

background subtraction, frame differencing, optical flow 

method etc. Praveen Kumar et al. [20], Shen Hao et al. 

[27],  Ramya and Rajeswari [21], Sahasri and Gireesh 

[15], M F Hashmi et al.[16] proposed the methods on 

background subtraction method in video surveillance 

systems. Object detection using machine learning is 

discussed by the authors Li Guo et al. [7], Najva and Bijoy 

[17].  

Li Guo et al. [7] presented an object detection algorithm 

based on boost classifier. This method improved efficiency 

and accuracy, robust feature encoding for object detection.  

Still needs to improve classification accuracy in real-time 

detection. 

Praveen Kumar et al. [20] described a parallelization 

strategy implementation of object detection algorithm to 

achieve real time processing of high resolution video data. 

Extension is needed to achieve the detection in very high 

resolution videos. 

Shen Hao et al. [27] proposed  a spatiotemporal saliency in 

object detection. Temporal and spatial saliency is extracted 

in hierarchical manner and also pixel and region saliency 

extracted. This method detected objects in aerial video 

with high efficiency and accuracy and also does not have 

the effect of time delay. 

Ben Ayed et al.[2]  presented an approach for texture 

based detection in videos using hadoop and big data 

analytics. The system allows detecting text of various fonts 

and languages with color size and orientation in less 

computation time. Improvement in process is needed to 

extract the object region from noise. 

Ramya and Rajeswari [21] suggested a modified frame 

difference method using correlation coefficient. Pixel wise 

comparison is made to categorize background and 

foreground. The method improved the frame difference in 

the speed detection and accuracy. It also needed to focus 

towards other information available that improve the 

detection accuracy. 

Sahasri and Gireesh [15] developed a object motion 

detection approach using background subtraction of the 

video and foreground detection of objects .It can be 

applied in various real time scenarios. 

Risha K P and Chempak Kumar[23] proposed a optical 

flow method of detecting moving object in video. The 

moving object is detected using optical flow along with 

morphological operation. This method is limited to static 

camera single object detection. 

M F Hashmi et al.[16] pointed on approach for real time 

multi-camera object detection. This method achieved 

significant speed for the execution of self adaptive 

background model making, Gaussian modeled dynamic 

thresholding and fast morphological noise removal 

processes. The expansion is required to improve the 

efficiency of detection on night videos. 

F X Setyawan et al.[6] proposed a method of object 

detection by employing iterative updating of background. 

The method can adapt with gradual scene change and also 

large scene change. It should raise the precision of the 

foreground object detection accuracy. 

Mohammed and Indarapu[26] presented  moving object 

detection in video surveillance and enhance the video 

quality. The method showed a robust results when the 

methods are integrated to find the moving objects, 

however some frames are missed even there exist an 

object, so efficiency is needed. 

Najva and Bijoy [17] proposed a  Scale Invariant Feature 

Transform and tensor based moving object detection and 

classification by using deep neural network.DNN is 

trained using auto encoders and combines with SIFT and 

tensor based features it reaches its high level of accuracy. 

More training is required to achieve good accuracy. 
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Various object detection methods are reviewed. Each has 

its own merits and demerits. Selecting the most 

appropriate one is depends on application and requirement. 

III. APPLICATIONS OF MOD IN 

VIDEO ANALYTICS 
Video analytics can make video surveillance to be 

intelligent system. It can apply to all areas such as 

education, business, health care, transportation etc. By 

enhancing traditional video management solutions, video 

analytics decrease the time and risk associated with human 

review by providing timely alerts and reports of relevant 

activities and making review of recorded video fast and 

accurate .Video analytics are being used for a range of 

applications, such as, increasing security, improving public 

safety, reducing shrinkage and providing operational 

intelligence, across several vertical markets, traffic flow 

prediction. 

 

The main application domains of moving object detection 

in smart city management are Intelligent video 

surveillance, intelligent visual surveillance of animals and 

insects ,smart homes, smart parking ,smart health care, 

smart traffic management etc. Each domain involves lot of 

applications. Various domains and applications are listed 

below. 

 Intelligent video surveillance: The main goal of 

video surveillance is detection and tracking of moving 

objects in real time .It strengthen the security of 

concerned areas such as indoor, outdoor, shopping 

malls, road, railway platform etc. [24].The main 

applications in this area are human computer 

interactions, object track prediction, object 

identification and recognition, detection of suspicious 

activities, abandoned object detection, etc. [4]. 

 Intelligent visual surveillance of animals and 

insects: Detect and observe the activities of animals in 

zoo. , river, forest etc. [4]. 

 Smart homes: Smart homes mainly include object 

detection, anomalous event detection [24]. 

 Smart Parking: It includes the application consist of 

vehicle detection, parking lot detection and congestion 

detection [24]. 

 Smart health care: This domain involves person 

detection, abnormal event detection etc. 

 Smart Traffic management: Application includes 

vehicle detection, pedestrian detection, traffic 

anomaly detection, traffic jam detection etc. [11].  

 

IV. MAJOR  RESEARCH CHALLENGES IN 

OBJECT DETECTION 

The major issue related to motion detection in visual 

surveillance is due to the dynamic nature of the 

background. Issues related to smart city based object 

detection are listed below.  

 Illumination Variation: Light changes on surface [4] 

[29].different times of day ,lights from bright surfaces 

,weather condition and partial or full blocking of light 

etc. causes illumination variation. There are 2 types. 

Gradual illumination variation occurs due to sunlight, 

mist, dust etc. Sudden illumination variation means 

the switch on and off of light source. Yun et.al [34] 

proposed an algorithm based on scene conditional 

background update for object detection .This 

algorithm effectively detect object even in 

illumination variation by considering local features of 

moving object and frequent update of 

background.[34]. 

 Occlusion: A subject passes behind an object with 

respect to camera [29].Objects can be just hidden 

behind other object then it is Partial occlusions. 

Complete part of the object is hidden by other is 

called complete occlusion. Occlusion (partial/full) is 

an obstacle to detection. Senior et.al suggested that by 

maintaining appearance model of moving object over 

time,can handle the occlusion[35]. 

  Clutter: It indicates Confusing background [32].It is 

difficult for segmentation (distinguishing foreground 

from background.) 

 Noise in video frame: Video signal is superimposed 

with noise [4] [29][17].Different types of noise exist 

Sensor noise, camera hardware  noise etc.. 

 Motion of camera: Video captured by vibrant camera 

[29].Moving camera can cause difficulty in detection. 

Moving object detection in moving camera is a 

difficult task.  Authors Risha K P and Chempak 

Kumar[23] also recommended  moving camera as a 

challenge. For handling motion camera in most of the 

methods, pre information about the motion camera is 

required to apply adaptive motion model, which is 

used to accurately detect an object [33]. 

 Dynamic Background: Object detection in moving 

background .It can be created due to waving trees or 

branches, flowing river water etc. [4]. 

 Environmental Effect: Due to various kind of 

environment issue [4]. Example for environment 

Issues are Sunny day, fog, mist, snow fall and dust 

particle etc. intensity value may varying for this kind 

of issues .It create difficulty for detection. 

 Camouflage: Some object may appear poorly 

different from background (color) [4].It is difficult to 

differentiate object and background. 

 Speed of moving object: It is difficult to detect very 

slow and very fast moving objects [29]. 

 Presence Shadow: Shadow cast moving foreground 

object. Overlapping of shadows cause trouble for 

detection [17].shadows occur due to block of 

illumination from light source by other 

objects[33].Song et.al proposed a shadow elimination 

method using HSV spatial feature and texture 
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feature.HSV features efficiently separate the shadow 

region using threshold value[28].But enhancement is 

needed to apply this algorithm in real time. 

In real time various kinds of risk factors can be seen in 

visual surveillance system are weather, Accidents, Privacy, 

and tampering of camera. Issues related to video analytics 

are classified into two categories, 1) functional and 2) non 

functional. Functional issues checks whether the video 

analytics product perform as per specifications.  

Functional issues are  

 False alarm: These are the most common problem 

associated with video analytics products in public 

spaces. 

 Extreme functional conditions: When going live, a 

Video Analytics system needs to be configured for the 

most taxing functional condition that can occur during 

a day. 

 Unsuitable use cases: Sometimes, howsoever over-

configured the video analytics system may be, it will 

just not function effectively because of the 

inappropriateness of the use-case. 

Non functional issues are issues related with cost, 

maintenance, performance and accessories involved for 

implementation. They are    

 Cost: Video analytic products typically priced per 

channel (or camera).  

  Maintenance: Video analytics systems function best 

in environments where there is little or no change in 

the operating environment. 

 Equipment: It is important to note that a video 

analytic system is only as effective as the edge-device 

capturing the video stream and analyzed. 

V. PERFOMANCE METRICS 

In order to compare different moving object detection 

algorithms, it is good to use quantitative metrics .To apply 

these metrics established ground truth of sequences on 

which experiments have been done should be available 

[yazidi]. 

For moving object detection methods related to ground 

truth frames four parameters must be consider. They are 

true positive (TP), false positive (FP),true 

negative(TN),and false negative(FN).If TP increases it 

indicates that the algorithm correctly detect the object and 

if TN increases it represents not correctly detect the object. 

Increasing of FP generates wrong detection of object in the 

frame causes false alarm and increasing of FN object is not 

detected but it is present, it’s a miss. Precision and recall 

are two most important quantitative metrics. Precision is 

the percentage of all detected pixels belongs to moving 

object and recall is the percentage of all pixels belonging 

to moving object which is currently detected. 

VI. CONCLUSION  

In this paper different approach on multiple moving object 

detection has been studied. The moving object detection 

algorithms have good performance and can identify the 

border of the regions with accuracy .There was many 

algorithms exist. Most of algorithms cannot work in real-

time, because they have to decode and process each pixel 

of each frame. Choosing the best one among existing 

algorithms become a difficult task and it depends on 

specific application. Currently we don’t have an algorithm, 

which is suitable for all types of applications. A generic 

algorithm is required for detection of multiple moving 

objects in smart city video analytics, which can be 

developed according to suitability and requirement of 

society, navigation, health sector, traffic and many more 

areas. 
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