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Abstract 

Advent of computer vision and machine learning algorithms in the field of data science have encouraged 

development of intelligent systems incorporating simple hardware and software processing techniques and one 

such area of research is into virtualization of the physical environment using real time object detection and 

mapping techniques. The domain of object detection and classification is one that has a diverse variety of 

applications ranging from collision avoidance, virtual reality gaming, augmented reality, education, healthcare 

and so on. The purpose of this paper is to identify intelligent sensor systems and aggregations of object detection 

techniques, with the goal of understanding how each individual sensor works independently and as a 

subcomponent of a larger complex sensor aggregation system capable of generating a depth map of its 

surroundings. The research also tries to establish a critical list of applications that make use of sensor networks, 

as well as the complexity of constructing them. 

 

1. INTRODUCTION 

Sensor Network systems combine the use of different types of sensors placed at geographically 

separated or clustered points depending on the environment and nature of use. The sensors can 

be placed at geographically separated locations collect information and transmit the data to a 

processing station where information filtering, precalculation measures are taken and then the 

aggregated information is utilized for surveying or observation purposes. There is immense 

number of challenges as far as implementation of these sensor networks are concerned, some 

of them being mainly dealing with complexity of the sensor system itself, due to the fact that 

there are terabytes of calculations needed and the entire system is always vulnerable to external 

factors. For instance, in a large area when the nodes are widely distributed every node should 

be able to communicate to the base station and if the bandwidth is low then there can be loss 

of information. Hence, efforts have to be made such that the system can be deployed easily 

ensuring its steady maintenance over a persistent period of time. 

In the proposed methodology Omni directional cameras, IMUs LIDAR, and Ultrasonic sensors 

are used for tracing purposes. Under various environmental conditions the camera and 

ultrasonic sensors tracing performance varies even when they are tracing the object 

simultaneously. The accuracy of the system is dependent on the design and the individual node  

 

2. LITERATURE SURVEY 

The author [1] has presented a technique for real-time object tracking utilising the WSN 

paradigm, in which the sensor node uses camera and distance sensors for object recognition 

and an efficient tracking algorithm is added for real-time object tracking. Sensors continually 

track the location of the object, and coordinates are sent to the base station in real time. The 
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system nodes are always active for object detection, however wireless communication between 

the sensor node and the base station is only performed when the target object's position 

changes. For communication between nodes and base stations, the proposed sensor network 

design and diverse object trajectories and environmental conditions, the suggested method is 

tested for indoor object tracking, and a comparison study of camera and distance-based tracking 

is performed. 

The number of successfully received data packets at a sink is compared to the number of data 

packets calculated by applications for reliable detection in existing research to assess detection 

reliability of an individual object. A continuous object, unlike discrete items, could cover a 

large area and dynamically change its shape in response to physical conditions such as wind, 

geographical features, and so on. As a result, the indication for individual objects cannot be 

used to determine the continuous object detection reliability. The author [3] defines a new 

reliability indicator for continuous object detection. Then, based on the estimation result from 

the novel indicator, it suggests an error recovery and revision strategy. The suggested approach 

delivers good reliability in terms of continuous object detection, according to simulation 

findings. 

Sensors typically manage multi-mode operation, in which they alternate between active and 

inactive states on a regular basis to save energy. Between object detecting precision and energy 

efficiency, there is a compromise. Different sensing schedules should be used depending on 

the object speed, direction, and sensor deployment topology. In this research [4], the author 

presents a unique RNN-based sensor dynamic duty cycle control approach for determining 

each sensor node's best sensing schedule. The suggested approach achieves great energy 

efficiency and delivers accurate object recognition, according to simulation findings. 

 

3. METHODOLOGY 

The Methodology from paper [1] is used for understanding with the help of three algorithms. 

The figure depicts the WSN architecture used for real-time object tracking. In the sensor 

network system, where heterogeneous sensor nodes are wirelessly coupled to a sink node/base 

station, the suggested methodology employs star topology. The sensor nodes use various 

sensors to identify objects and deliver the collected data to the sink node. The position of an 

object is known if any sensor detects a moving thing in its proximity. The coordinates of the 

detected object are communicated to the base station, and the trajectory of the target object's 

path is received at the base station end. When an object leaves one node's detection range and 

enters another node's detection zone, the other node becomes active and begins tracking the 

object. The target object is thus continuously monitored in a wireless sensor network, with a 

near-zero miss rate. 

 

 

 

Fig 3.1: Sensor Network using Wireless Architecture 
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The sensor nodes collaborate to improve overall detection coverage. Furthermore, the 

network's lifetime is preserved since not all nodes communicate with the sink node all of the 

time; rather, only active nodes communicate with the sink node. As a result, the WSN structure 

proposed uses the least amount of energy. The flowchart of Fig. 2 depicts the functioning of 

the proposed object tracking approach in the paradigm. The following sections go through the 

specifics of how the camera and ultrasonic sensor nodes work. The ultrasonic sensor node is 

made up of an array of ultrasonic sensors, each of which is oriented in a specific way (line of 

sight). The ultrasonic sensor array is built with overlapping detection zones with consecutive 

“N” individual sensors positioned at pre-defined angular points to give extensive coverage of 

the monitoring region, as shown in Fig. 4. The node is based on the concept of deriving polar 

coordinates (r,), where the component r is derived from the ultrasonic sensor value and is 

constant for each ultrasonic sensor. When an object approaches each sensor, it is detected. The 

ultrasonic sensor value and its accompanying polar coordinates are used to determine the polar 

coordinates. The average value of two ultrasonic sensors and their accompanying average 

angles are combined to determine the fused polar coordinates of the object location if the object 

enters the overlapping zone of two consecutive sensors. 

Fig 3.2: Ultrasonic Single Node Sensor Working 

 

 

4. IMPLEMENTATION 
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The Sensor aggregation network for virtual mapping can be implemented using the following 

components: 

Ultrasonic Sensors: Ultrasonic sensors are close range sensors and can be easily mounted at 

various access points in the system. These sensors send out ultrasonic waves travelling at speed 

of sound, thus making them ideal candidates for short range object detection and mapping. 

They are hence used typically in self-parking systems and close range surface mapping 

systems. The sensor sends out signals of sound waves every few microseconds and analyses 

the shift in the reflected sound wave, thus effectively determining close range object distances 

to stunning levels of accuracy. The major advantage of these sensors includes low latency and 

implementation costs. 

Fig 4.1: Close Range Object Detection-Ultrasonic waves 

 

LIDAR: The ultrasonic sensors are effective and responsive with only close-range obstacles, 

and cannot perform well when it is necessary to track distant objects of the range 6m to 200 m. 

Also, the speed of sound waves are way much less compared to light waves, and hence another 

system is necessary to be integrated called as LIDAR 

Fig 4.2: Long Range object tracking using LIDAR 

 

The motive of using LIDAR is long range detection, and unlike sound waves light travels a 

million times faster than the speed of sound, thus accounting for better responsiveness and 

accurate tractability. LIDAR is also effective in tracking fast moving objects thus sensor 

information obtained adds a great value. 
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Omnidirectional Camera: As with most autonomous systems, it is important to have a visual 

understanding of the environment and once the framework is established using aggregated 

information from the distance mapping algorithms, and to do this an omnidirectional camera 

module is utilized which has a 360-degree field of view. Once the images are obtained, image 

processing algorithms such as Mack-RCNN can be used to identify different objects and tag 

them. The tagging can also represent multiple parameters such as fragileness of an object, 

structure, dimension related information and so on. This helps develop a better understanding 

of the surroundings. 

Fig 4.3: Object Detection using Omnidirectional Camera 

 

Inertial Sensors on Device: The system emphasizes on the fact that it is not sufficient to just 

survey the surroundings but also to measure and analyze the state of the sensor system as a 

whole. The state of the system is calibrated and measured using sensors such as gyroscope, 

pressure sensors, accelerometers, magnetometers and so on.  

Fig 4.4: Inertial/Motion Sensors 

 

These sensors typically help analyse the state of the system and helps establish a better 

understanding about the orientation of the plane or the environment in which the system is 

placed in. a typical example would be a level sensor which detects a vehicle if it is tilted beyond 

60 degrees and immediately alerts the fire/health/police department or it could be 

magnetometers which provide the global positioning location of a system.  
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Aggregating sensor information: The information obtained from different measurements is 

diverse in behavior as well as timing in which the data is supplied to the processing node from 

the sensory link node. There may be delays, staggered information feedbacks which occur at 

different frequencies and the sensors themselves may be spread out geographically far from 

each other and from the base station where usually the processing is carried out. Suitable 

algorithms process the data and validate the same to arrive at a virtual map.  

Fig 4.5: Aggregation of Collected Data 

 

All these factors have to be accounted whenever sensor network data is being aggregated and 

suitable algorithms and filters need to be employed to handle the data as intended. As these are 

usually critical systems or real time systems, their timeliness and accuracy plays a major role 

in determining the successful outcome of implementation. 

 

5. APPLICATIONS 

Aggregated Sensor network can be used in a variety of applications. Some of the applications 

are given below. 

VR Technology: This system can not only be used in critical safety systems but also it can be 

used in entertainment industry as well. VR Technology can be enhanced by implementing this 

system in order to make the user experience of the Virtual Reality system better by tracking 

the position of the user and manipulating the virtual environment accordingly which eliminates 

the need for handheld controls and thereby making the user experience more immersive. 
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Fig 5.1: Object Mapping using VR 

 

Drone Navigation: Unmanned drones or UAV can use this network in order to map the 

surrounding objects. This system can be used in military in order to detect enemy vehicles as 

well as it can be used to explore locations which are very dangerous for humans to explore, 

and in other rescue operations as well. Some other applications also include intelligent drone 

surveillance systems used by defense departments where it is used to map cultivated fields for 

its analysis.  

Fig 5.2: UAV Guidance and Navigation System 

 

Weather Forecasting: This sensor network can be implemented in weather forecasting. 

Sensors can not only be limited to Ultrasonic sensors, LIDAR Sensors and camera sensors, but 

it can also add additional sensors like Temperature Sensor, Atmospheric Pressure Sensors and 

Humidity Sensor as well in order to predict the weather. These types of systems are also useful 

to observe environmental changes over persistently long period of time such as analysis of 

change of landscape, effect of climate on geographical features of a location.  
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Fig 5.3: Autonomous Vehicle Navigation System 

 

Autonomous Vehicles: Aggregated sensor networks can be used in autonomous vehicle 

driving as well. Sensors are used to measure the distance between the nearby cars, and also 

track the cars which are further away. ML models can be applied as well to classify and identify 

the different objects in the surroundings. 

 

6. CONCLUSION 

The sensor aggregation network for detection of objects and mapping the real world 

environment to the virtual environment is a necessary entity in today’s world of digitization. 

Through the application of this we are able to get a 3D map view of the whole area which 

contains the objects and we can accurately measure the size and distance of the objects in 

question. 

Fig 6.1: 3D Rendered Model Using Sensor Networks 

 

The scope of the above mentioned sensor aggregation system can be enhanced further by 

including additional sensors, but the complexity and scalability of the system is something to 

be kept in mind. Through generalistic synchronization measures and optimisation techniques 

it is possible to build a suitable model for monitoring and mapping the real world and changes 

associated with it, with the interest of developing intelligent systems to serve mankind better. 
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