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ABSTRACT:During the last few years VANET has attracted alot of attention due to the many new applications. VANET is 
the emerging wireless communication technology. The main aim of the paper is to avoid V2V collision by using safety 
messages. Regularly secure messages are broadcasted by the vehicles which give beneficial information to other nodes using 
secure method. The Secure message which contains the vehicles information such as position, speed, direction, acceleration, 
time. The V2V distance is calculated, collision between vehicles is avoided by broadcasting secure message. For this Secure-
Pre warning Collision Avoidance Algorithm (S-PWAA) is proposed. 
 
KEYWORDS:IVC, IVAN, V2V, PKI, S-PWAA.. 

I. INTRODUCTION 
 

In VANET, vehicles act as a node through V2V communication, a vehicle can detect the position and movement of 
other vehicles up to certain kilometers. Inter-Vehicle Communication (IVC) has become an emerging technology in 
network research, opening up new research challenges well beyond those of classical Mobile Ad Hoc Network 
(MANET) research[9].There are many accidents happening on highways which results when vehicle are leaving the road 
or travelling unsafely through interactions. VANET is used to provide safety, where we collect all the information of 
the vehicles. VANET and IVC can be controlled by protocol known as Dedicated Short Range Communication (DSRC) 
protocol, IEEE 802.11p, Bluetooth is provided with On-Board Unit (OBU). The applications of V2V and V2I come 
under two services [1]. Vehicles are now working as computers or networks on wheels. In this, vehicle detection is done, 
the system gives warning to nearby vehicles if the condition occurs or takes action through braking or steering. 
Collision is avoided by braking for low speed vehicles and for high speed vehicles collision is avoided by 
steering.Multi hops are used for the communication of the nodes that are out of the reach of transmission of the radio.  

II. RELATED WORK 
 
The vehicle collision warning system that finds the car crash and warns the risk to drivers, this work was done by 

Sehun Kim et. al in [5]. In [6] Samaneh Khakbaz et. al implemented an approach using sensors and GPS system to send a 
message among highly mobile hosts like vehicles in road traffic. This method uses unreliability that can occur in same. 
Nadra Ben Romdhane et. al in [7] proposed an obstacle detection module through digital images processing. M. R. 
Hafner et. al in[8] present pagination anywhere in the paperaverage of the outputs of these filters 

 
Ali et al[19], implemented a collision detection system to minimize accidents caused by road traffic. Using VANET 
data it calculates the break response time of the driver and gives solution for falsealarm. The system works on the 
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algorithm and detects false alarm. This helps drivers to safe drive on roads and safety measures will take place. IVC 
systems are important for knowing the background of IVC systems. 

III. V2V COMMUNICATION 
 
The radio system for the V2V Communication is derived from the standard IEEE 802.11, also known as Wireless LAN. 
If more than one vehicle are in radio communication range, they connect automatically and establish an ad-hoc network. 
Every vehicle contains a router which allows sending messages over long distance vehicles. The vehicles can handle 
fast changes of an ad-hoc network topology based on routing algorithm. 

 
 
 
 
 
 
.  
 
 
 
 

IV. VANET APPLICATIONS 
 

There are many applications of V2V and V2I communications which can provide a wide range of information to 
drivers and travellers. Network are interfaced on on-board devices which consist of different GPS receivers and  
sensors,  grant vehicles the ability to collect process and disseminate information about itself and its environment to 
other vehicles nearby to it. That has led to enhancement of road safety and the provision of passenger.  

V. IVC ATTACKS 
 
There are several possible attacks that can be launched in IVC [14] 

 
1) Jamming / Interference: - A malicious vehicle can causecommunication interference to prevent other vehicles from 
communicating. Consequently, some vehicles will not receive urgent safety information, leading to loss of lives.  
2) Sybil Attacks:- Multiple fakenodes are created with the help of Sybil attack which is used for  broadcasting wrong 
information  
3) Node Impersonation: - It is used to send messages after modification and claims that the message comes from 
originator for the unknown purpose.  
4) Sending False Information:-It means Sending wrong information from one node to another node.  
5) ID Disclosure:-The nodes disclose the identity inthe network and track the location of the target nodes. Target nodes 
are supervised by the monitors and will send a virus to the neighbors of the target nodes.  
B.  Security Goals  

1) Authentication: - Driving decision must be decided basedon safe messages. Thus, vehicle has to be authenticated 
in order to transmit any safety messages.  
2) Integrity:-Even though the transmitter remains authenticated, integrity is required to guarantee correctness of 

messages.  
3) Non-Repudiation:- Once the accident takes place, it should be identified for the purpose oflaw investigation, i.e., 

transmitted messages should not be denied by the sender.   
4) Messages Freshness: - Even if a sender and a message canbe proved to be legitimate, the received information may 
be stale, by message replaying. Information and update can be sent by freshness. 

http://www.ijirset.com


 
      
         
       ISSN(Online): 2319-8753 

          ISSN (Print):  2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 6, Issue 10, October 2017 
 

Copyright to IJIRSET                                                                 DOI:10.15680/IJIRSET.2017.0610164                                      20727 

    

5) Anonymity: - Privacy of each driver should be safe, from unauthorized observers. To meet this challenge, anonymity 
is required to all vehicles. Since safety message is public information, confidentiality is provided by encryption in 
the communication system. 

VI. METHODS FOR AVOIDING ACCIDENTS 
 

There are three main requirements for acquiring several type of communication links involves. 
1) To protect from eavesdropping the links must be secured from the unauthorized persons so that they cannot access 

the private information.  
2) Before sending or receiving any message the users must be authenticated. 
3) The link has to be protected from hackers. 
 
A.  PKI METHOD  

A PKI collects all users’ identities from certificate authority  
(CA). CA uniquely identifies user identities individually. To achieve that, each user must be individually registered 
with a CA. After registration Certificate Authority enters user to a list and updates its list of users’ identities and their 
assigned public keys. CA keeps alternate list of user’s information 
Each node is registered with one local CA. During the registration a certificate is issued which contain identity of the 
user and information like validity and a pair of public and private key. Local Ca’s is responsible for cancelling the 
compromised certificates. [15].The PKI method is used to authenticate two network users through encryption. Since, the 
mechanism of password exchange is very dangerous wireless medium. So it is been avoided. Nobody can perfectly tell, 
whether a network can be secure or not. Therefore, PKI has many advantages. Sender encrypts a message using private 
key. Receiver only can decrypt messages using his private key. 
 
B. COLLISION AVOIDANCE SYSTEM  

The system within each vehicle continuously brings out the following algorithm: 
 
1) Collection of Information  
Each vehicle obtains its speed and Acceleration from the vehicle speed meter. The system inside each vehicle collects 
the information from GPS like position and time. All the information is placed in a packet which has the vehicle 
identification number of the vehicle. The following diagram of the packet is as shown in following Fig2. 
 

 
 
 
 
 
 
 
 
 
 

Fig 2 Collection of Information 
2) SAFETY MESSAGE GENERATION 
 
Following are the steps for creating safety message listed below.  

a. Safety message generated by On Board Unit are sent to Hardware module according to the received data from other 
node.  
b. Hardware module adds time stamp t to safety message.  
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c. Then hardware module uses v-node’s private key & digital signature on safety message is encrypted to create secure 
message.  
d. The collection of information is transmitted to nearby vehicles with the help of multi-hop IVCs. 
e. On the receiving side, message is passed to hardware module by on board unit.  
f. Hardware module validates sender’s signature using public key of the  privacy key set  
g. Hardware module contains original safety message, of the user if the signature is valid. Otherwise discards the 

message. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 Message generation by cyrptography 
 
3) S-PWCA Algorithm  

The SPWCA algorithm will work as per the following steps- 
 
Step1: -Generates secure message periodically. Step2: - Message arrives at a vehicle. 
Step3:-After collecting the data of vehicle, distances are Calculated.  
Step4: -Calculate Distance  
Get Val of DV1 as VNode, Val of DV2 as VNode X = DV1.X - DV2.X  
Y = DV1.Y - DV2.Y  
DV1, V2 = √ X*X + Y*Y  
Step5: - The distance between the two vehicles is calculated and found to be less than 5m; a warning alert is 
broadcasted to the vehicles to avoid the possibility of collision.  
If Dv1, v2 < 5m Then  
Collision Detected, Broadcast Secure Warning Message in Network. Else, in V2V network, data is transmitted related 
to traffic information.  
Step6: - To avoid collision a secure message is generated, one of the vehicles will increase the speed with prior 
communication related to position, speed, time & another vehicle speed measure set to slow. 
 
In this algorithm, the messages are generated according to their priority and will be processed one by one. As the 
message is received, the distance (Srel) between the vehicles is calculated and if the distance is negative, the message is 
discarded and will not be processed further. 
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C.  ALGORITHM FOR ACCIDENT AVOIDANCE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4 Algorithm for Accident Avoidance [2] 

 
 
The probability is maximum when the host car collides with nearest front cars and collisions which take place from will 
not be considered. Host car decision to avoid collision will totally depend on parameters of front and the back cars, this 
will form a chain. Once the relative distance is calculated, the velocity (ΔV ) is compared , and if it is true then the 
driver will break down normally and will also alert through the message to the cars behind it, but if it is positive the 
comparison is carried between safe distance and relative distance to check if the car is safe or not 

VII. CONCLUSION 
 

The secure message which will be broadcasted will improve the V2V collision avoidance which will improve accident 
rate in now-a-days life. Algorithm will calculate and compare the relative distance and relative velocity in V2V 
communication. This paper intention was to show the collision avoidance in V2V communication in VANET for the 
populated countries 
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ABSTRACT : we propose in this paper a technology that can perform remote control and monitoring of 

electrical appliances on the Internet. To do this, an intelligent power socket (IPS) module that is able to control 

and monitoring the power of electricity is realized in this research. The IPS modules are placed in conjunction 

with the electrical appliances that are to be controlled from a far-end place
 
. In addition, an embedded system 

based home gateway that can be connected with the Internet is set up in which the electrical appliances are 

located. Moreover, the acquired power consumption information or the status of the appliances is stored in a 

database server in the Cloud. With the proposed structure, authorized users or system managers can log into the 

web server which is connected with the database, monitoring the power status and take actions on the 

appliances remotely. The control command from the far-end place, i.e., from the web server on the Internet, is 

first sent to the home gateway and then transmitted to the IPS modules through the Zigbee wireless 

communication protocol so that the remote control of appliances can be achieved. The proposed architecture 

has been shown to be very convenient and useful for remote control and monitoring of electrical appliances, 

and hence can facilitate the life of human beings 

Keywords:  Cloud Computing, Power management,   Embedded systems. 

 

I. INTRODUCTION 
Today, around 80% of the world’s primary energy is produced from fossil fuels; renewable energy sources 

add up to around 4.3%. However, the world is coming to realize, that keeping on burning fossil fuels is not an 

option in the long run. This affects not only electrical energy production in power plants but also the fuel 

demand of usual combustion engines in vehicles. On the other hand, as our world is suffering energy crisis on 

oil and natural resources shortages, how to make efficient use of limited power energy has remained a major 

problem to be conquered so far. Aimed to facilitate the life of human being as well as to use the limited power 

energy more efficiently. What’s worse is that most of the scientific industries all over the world rely heavily on 

these resources, especially the power energy. As more and more home appliances and consumer electronics are 

installed, residential energy consumption tends to grow rapidly. Considering our living environment, almost 

every place, e.g., office, school, and dwelling house, are all equipped with computers, air conditioners, lights 

and other high-power consumption devices. People usually forgot turning off the power devices after they are 

not in use. Therefore, how to make efficient use of the limited energy resources so that wasting of power energy 

can be avoided has become a major problem to be conquered. The embedded remote monitoring and controlling 

power socket was developed for automatic and power management of home appliances [3]. To monitoring the 

power consumption, some of the researches propose measuring the power consumption in digital manners [4][5] 

or reading the power consumption remotely [14] so that the human resources of the power company originally 

arranged for recording the power meter of individual customer can be saved. On the other hand, the user can 

also know the status of individual electrical appliance remotely. 

 

II. PROPOSED SYSTEM 
As can be seen in Fig. 1, the proposed architecture is mainly composed of three blocks, the client, the cloud 

web server and database server.  
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Fig.1.cloud-based remote power control and monitoring system                    Fig.2. Layer wise architecture 

  
Fig.3.Blockdaigram (a-Home Gateway, b-Device Unit, c-Monitoring unit): 

 

Basically Fig 2 shows the diagram of home gateway, is a server which is used to receive the user 

command from the far end place on the internet and also to transmit the status as well as power consumption 

information of appliances back to the database server Then Fig 2 shows the diagram of device unit which has a 

browser and can be used as client device.. So that we can communicate through HTTP protocol also we can 

monitor the status and take action on individual appliances. The database server here is used to record the status 

or power consumption of individual electrical appliances. Here, we use MySQL, powerful and free software, as 

our database server. To bridge the user, i.e., the browser, and the database server, a web server is required. We 

apply Apache, a widely used, free, and stable software, as our web server. The client can now communicate with 

the web server through HTTP protocol, an application layer protocol which is based on TCP/IP protocol in the 

Internet hierarchy, monitoring the status and take actions on individual appliance. The control commands from 

the server in the Cloud are first sent to the home gateway through TCP/IP protocol and then transmitted to the 

appliance with Zigbee wireless communication The gateway will then transmit the received commands to a 

Zigbee transceiver through the universal asynchronous transmitter and receiver (UART) interface. An automatic 

standby power cutoff outlet can contribute to the reduction of home energy cost
[1]

. Furthermore, web-based 

monitoring and control systems were developed to enable users to view home energy data and control home 

devices remotely through the Internet 
[4], [5]

 

 

III. POWER CONTROL AND MANAGEMENT: 
As a result, the HEMS of the home server can monitor and control the lights and the home devices. It displays 

hourly, daily, weekly, and monthly energy usage of each home device and encourages users to make efforts to 

save home energy. The HEMS can also display the real-time active power consumption and the accumulated 

power consumption of each home device. A user can figure out which home appliance is unnecessarily turned 

on through the real-time active power consumption and how much power each home appliance consumes in this 

month through the accumulated power consumption. He can also analyze the energy usage of each room 

through the ZigBee hub. A user can access the HEMS through the Internet in the remote area and turn off 

unnecessarily turned-on home devices.
[2] 
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Fig.4. power control mechanism Fig. 5. Schematic diagram of the power measurement 

module and connection with Zigbee transmission 

module. 

The basis of the power control mechanism is the zero crossing detection circuit, which is shown in Fig. 

4. Point A in Fig. 4 is a fully rectified waveform, where point B is just an attenuated signal of A. After the 

inverter in Fig. 4, the zero crossing signals can be detected at point C, and the zero crossing signals can then be 

used for the control of power electricity. In the proposed architecture, the point D is used to control the duty 

cycle between on and off state of the solid state relay (SSR), which is indeed a pulse width modulation system. 

In Fig. 5, a small resistor is used in series with the load to measure the current flow of the electrical 

appliance. The sensed current and voltage signal are then amplified and processed through the chip, a single 

phase multifunction metering IC. Besides, the instantaneous current, voltage signal, the instantaneous power 

consumption, active power, reactive power as well as the power factor information can all be calculated and 

kept in the registers. We can then read all the values out by connecting the serial SPI interface between the 

single phase multifunction chip and the zigbee controller as in Fig. 5. The controller can calculate the power 

energy used by summing up the acquired instantaneous power consumption. These power energy information 

will be transmitted to the home gateway via the wireless Zigbee signal, and then sentback to the database in the 

cloud. 

 

IV. DATABASE LAYOUT 
In the proposed architecture, we use MySQL, a very popular and free database software, as our database 

server. In the database, we have a main table that records the authorized users and their password. Every 

registered user has an individual table that records the status of every electrical appliances. The basic layout of 

the database server can be observed. After connected and logged into the database server, the authorized user 

will see the status of each electrical appliances.The user can then change to the command mode as which is 

actually a FORM component in HTML document for interactive page design. The user can then select the 

command or adjust the power of selected appliance. After selecting the button Next, the control command will. 

be sent out to the home gateway through the TCP/IP protocol on the Internet. The TCP/IP connection flow is 

shown in Fig.6. The function socket write() in Fig. 6 is to transmit the command to the home gateway, while the 

function socket read() is to read the status as well as the power consumption information of the appliance. The 

read procedure is necessary because we have to make sure that the commands or actions have been carried out 

on the appliances to be controlled.
[1]
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Fig.6. Database layout.                  Fig.7. the software process illustration for remote monitoring and controlling 

 

In fig.7.after booting, the overall system has to be initiated, and then the Home Page to client application 

program for remote monitoring and controlling is loaded. By using the spare time available for the embedded 

Web server, the power consumption, Vrms and Irms of power supply sockets can be read and temporarily saved 

in memories to wait for Web-page retrieval. After the network packets have been processed by the embedded 

Web server, if there is a remote user demand, the corresponding process will be connected to CGI applications 

such as the demands for the Web-page to display a new power socket status, the overall control of the specific 

on/off operation on power sockets and the firmware (FW) updates. This process convenient for the user to 

remotely monitor and control the power sockets.
 [8] 

 

V. CONCLUSION 
We propose in this paper a technology that can perform remote control and monitoring of electrical 

appliances on the Internet In addition, an embedded system-based home gateway that can be connected with the 

Internet is set up in which the electrical appliances are located. Moreover, the acquired power consumption 

information or the status of the appliances is all stored in a database server in the Cloud. The control command 

from the far-end place, i.e., from the web server on the Internet, is first sent to the home gateway and then 

transmitted to the IPS modules through the Zigbee wireless communication protocol so that the remote control 

of appliances can be achieved. We actively reduce standby power consumption by turning off a home device 

and the power outlet simultaneously through the ZigBee hub. This method eliminates the waiting time of a 

typical automatic power cut-off outlet. The proposed HEMS is expected to contribute to reduce home energy 

usage in the future. 
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Abstract: We propose in this paper a technology that can perform remote control and monitoring of electrical 

appliances using GPRS network. To do this, a Smart power socket (SPS) module which is able to control and 

monitor the power of electricity, is realized. In this research GPRS smart loading monitoring and control 

system uses visualized program language to develop graphic control software, and the control module of this 

system which applied the Advanced RISC Machine (ARM7) single chip microcontroller and embedded. In 

order to save energy, several countries recently made laws related to standby power consumption. To success 

this exertion, we should consider not only power reduction of consumer electronics itself but also efficient 

automatic control in networked home environment. This system can effectively solve the insufficiency 

problem of power supply while such problem happened in the electricity utility side and decreases peak power 

generation simultaneously in order to achieve the goal of energy conservation and carbon reduction. A typical 

automatic standby power cut-off outlet has a waiting time before cutting off the electric power to consume 

standby power. The integration of GPRS smart power socket control module and digital meter, in the other 

hand, can also monitor and control the electricity consumption of household appliances and manage standby 

power as well. It effectively reduces the power consumption of peak hours and saves the cost of power rate for 

residential users and commercial clients. The proposed architecture has been shown to be very convenient 

and useful for remote control and monitoring of electrical appliances, and hence can facilitate the life of 

human beings. 

Keywords: energy conservation, power consumption, standby power, wireless network, GPRS. 

 

Introduction 

 

Today, around 80% of the world’s primary energy is 

produced from fossil fuels; renewable energy sources 

add up to around 4.3%. However, the world is coming 

to realize, that keeping on burning fossil fuels is not an 

option in the long run. This affects not only electrical 

energy production in power plants but also the fuel 

demand of usual combustion engines in vehicles. On 

the other hand, as our world is suffering energy crisis 

on oil and natural resources shortages, how to make 

efficient use of limited power energy has remained a 

major problem to be conquered so far. To achieve the 

goal of energy conservation and carbon reduction, the 

Bureau of Energy, Ministry of Economic Affairs, 

Taiwan, R.O.C. has declared that energy consumption 

should be in efficient, clean, and steady ways as the 

objectives of National Sustainable Energy Policy. 

Especially on the goal to consume energy more  

 

 

 

effectively, the bureau hopes to increase the 

efficiency over 2% every year through the 

promotion of smart household appliances and the 

development of home automation within the next 

eight years [4, 6]. To meet requirement of enhancing 

the efficiency of energy utilization, some 

governments present smart power demand 

response loading control strategy and the advanced 

meter structure plan. Such strategy and plan 

focuses on the terminals between electricity 

industries and clients in order to achieve the 

enhancement of power utilization and reaches the 

goal of restraining the growth of peak loading and 

the CO2 emission [1] by both ways at one swoop. 

Home power control and conservation system will 

be developed and introduced to the domestic in 

next few years and the system will put household 

standby power under the management too, so that 

the estimated efficiency of power conservation is 

able to achieve 15%. In the case of residential 

client consumed low voltage power, the power 

consumption is 320 degree every month. The ratio 

of power consumption of household appliances the 
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summer is shown as Fig.1.In the figure, the 

consumption ratio of air conditioner is 

41%;lighting is 18%, and 41% for main household 

appliances. If the Smart loading monitoring 

controller can be developed according to the 

priority of the loading of household appliances and 

the contribution of peak loading, and also 

combined with the coordination of the strategy of 

load shedding, demand response for implementing 

the load shedding of household appliances or 

stopping the power supply. The objectives of 

restrained peak loading and energy conservation 

can be achieved firmly. 

 

Figure 1: The load composition of Home 

Appliances. 

 

 

The embedded remote monitoring and 

controlling power socket was developed for 

automatic and power management of home 

appliances [11]. To monitoring the power 

consumption, some of the researches propose 

measuring the power consumption in digital 

manners[12-13] or reading the power consumption 

remotely[18] so that the human resources of the 

power company originally arranged for recording 

the power meter of individual customer can be 

saved. On the other hand, the user can also know 

the status of individual electrical appliance 

remotely. 

 

Proposed System 

 

As the example can be seen in Fig. 2, Meter 

data acquisition system (MDAS) for West Bengal 

State Electricity Development Corporation 

Limited (WBSEDCL) was initiated by 

WBSEDCL under power sector reforms in India 

called R-APDRP. The objective was to improve 

customer Service by providing accurate data for 

billing and also monitoring of energy consumed 

and outages mainly at the downstream 11 KV 

Network level of the Distribution Network. 

Another important objective was establishment of 

baseline data, billing, network analysis and energy 

accounting. 

 The proposed architecture is mainly composed 

of two blocks, the Controlling unit, the real time 

monitoring unit.The hardware function is for 

achieving the contractual loading control for 

demand response; the software is the smart 

power management system which aims to the 

objectives of electricity-saving and standby 

for energy conservation. The system 

functionality can be separated into two major 

parts: the side of electricity industries and the 

side of clients. About the demand response in 

the side of electricity industries, it is sent by 

power distribution centre through the 

bidirectional communication between the 

GPRS wireless network and the GPRS smart 

loading control module in the side of clients. 

Besides, GPRS smart loading control module 

of the client side will also offer the 

information of power consumption, status of 

loading control, and the controllable loading 

margin to the electricity industries side.  

 

 
 

Figure 2: GPRS network based energy monitoring 

and controlling. 

 

The structure of GPRS wireless network smart 

loading control system of this paper is shown as 

Fig.3 and Fig.4. Its hardware includes (1) GPRS 

smart loading control module; (2) GPRS based 

Real time monitoring module. 

GPRS wireless network smart loading control 

system in the client side, it is planned to use the 

integration of GPRS smart loading control module 

and digital meter through GPRS wireless network 

to process bidirectional communication with the 

power distribution centre of demand response. 

This way shows the real-time power rate structure 

or the message of demand response on the LCD 

monitor. The Wattmeter will sense the 

consumption of the bulb and send the signal to 

ARM7 in the form of digital pulses. The gateway 

will then transmit the received commands to a 

GPRS transceiver through the universal 

asynchronous transmitter and receiver (UART) 
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interface. An automatic standby power cut off 

outlet can contribute to the reduction of home 

energy cost. Fig. 4 shows the architecture of the 

automatic standby power cut-off outlet and the 

state transition diagram of it [14] [15]. 

 

 

Figure 3: GPRS smart loading control module 

 

         Figure 4: GPRS based Real time monitoring 

module. 

 

Energy Control And Wireless Transmission 

 

 As shown in Figure 5, the frequency output CF is 

connected to an MCU counter or port, which 

counts the number of pulses in a given integration 

time that is determined by an MCU internal timer. 

The easiest way to interface the ADE7755 to a 

microcontroller is to use the CF high frequency 

output with the output frequency scaling set to 

2048 × F1, F2. This is done by setting SCF = 0 

and S0 = S1 = 1. With full-scale ac signals on the 

analog inputs, the output frequency on CF is 

approximately 5.5 kHz. The average power 

proportional to the average frequency is given by: 

Average Frequency = Average Active Power 

=
Counter

Timer
. The energy consumed during an 

integration period is given by: Energy = Average 

power x Time = 
Counter

Time
x Time. For the purpose of 

calibration, this integration time can be 10 seconds 

to 20 seconds to accumulate enough pulses to 

ensure correct averaging of the frequency. In 

normal operation, the integration time can be 

reduced to 1 second or 2 seconds. With shorter 

integration times on the MCU, the amount of 

energy in each update may still have some small 

amount of ripple, even under steady load 

conditions. However, over a minute or more, the 

measured energy has no ripple. 

 

Figure 6 is a Schematic Diagram of GPRS 

module. The circuit consists in a SIM com module 

and a few discrete active and passive electronic 

components; the conversion interface from TTL to 

USB is a small module that applies to USB 

contacts and connects to   RX and TX cell module. 

The connector carries power supply (Vcc, contacts 

17 and 19 – GND, contacts 18 and 20) in addition 

to the power-on signal (PWR), and all signals and 

serial communication lines to and from the GSM 

module. The ON/OFF line is connected to   R/C 

circuit that, at power off the entire circuit, 

considering that C11 is discharged puts it to the 

logical zero. This condition leaves the transistor 

T2 of the mobile phone module interdict and 

maintains logical 1 to the PWR Contact of the 

SIM. When the capacitor is charged enough to 

saturate the T2 transistor, these places at the 

bottom level the PWR line of the GSM and turn 

on the mobile phone. 

  

 

 

 

 

 

Figure5: Interfacing the ADE7755 to an   MCU 
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Figure6: Schematic Diagram of GPRS Module. 

 

 

 

 

 

 

Real time Monitoring and Controlling Energy 

Consumption 

 

  

 
Figure7: Visual Basic Screen Realtime Analysis of 

Energy 

Consumption by household Appliances 

 

In order to know the connection status of 

GPRS with the loading control modules of 

household appliances of every client, the VB 

graphical interface of connection status was 

designed by this thesis, shown as Fig. 7. The 

connection status among personal computer, and 

end devices can be checked by the VB interface. 

Users can set related settings of USB 

communication port such as number of 

communication port, data transmission baud rate, 

transmitting data size, and number of stop bits. In 

the household appliance node labelled area of 

GPRS, the interface allow user to know the status 

of power consumption and standby household 

appliances of every client. It also implements the 

analysis for the composition of the loading of 

household appliances and the smart standby 

management of household appliances. These 

features help to restrain power distribution due to 

the loading at the peak hours and save the power. 

     

 

Conclusion 

 

By the realization of the above proposed system 

one can monitor and control many aspects of a 

home automation with saving energy consumption. 

Systems and technologies are planned to apply to 

the market of home automation for the requested 

function of the energy and power conservation and 

the restraint the loading at peak hours for demand 

response. The system  develops numerous 

numbers of residential and commercial clients of 

low voltage consumption and restrains the loading 

potential of peak hours in order to achieve the 

goals of power-saving and power conservation 

with standby control. In the household appliance 

node labelled area of GPRS, the interface allow 

user to know the status of power consumption and 

standby of household appliances of every client. It 

also implements the analysis for the composition 

of the loading of household appliances and the 

smart standby management of household 

appliances. These features help to restrain power 

distribution of the loading of the peak hours and 

save the cost of power rate. Those records are with 

great help to the enhancement and improvement of 

the reliability of power consumption in the side of 

clients. 

 

Acknowledge 

I gratefully acknowledge the contributions of 

Prof. Dr. L.K. Ragha HOD of Electronics Dept.  

and my Terna Engg. College for the support for  the 

original version of this document. 

 

References 

 
[1]. R.E. Brown, “Impact of Smart Grid on distribution system 

design,” Power and Energy Society General Meeting 2008 

IEEE, 20 - 24 July 2008. 

[2]. D. Backer, “Power Quality and Asset Management The 

Other "Two - Thirds" of AMI  Value,” Rural Electric 

Power Conference  2007 IEEE,  6- 8 May 2007. 

[3]. Jhi-Young Joo, Sang-Ho Ahn, Yong Tae Yoon, and Jong-

Woong Choi, “Option Valuation Applied to Implementing 

DemandResponse  via Critical Peak Pricing,” Power and 

Energy Society General Meeting 2007  IEEE, 24-28 June 

2007. 

[4]. P. Ran, M. H. Sun, and Y. M. Zou, “ZigBee Routing 

Selection Strategy  Based on Data  Services and Energy-

Balanced ZigBee Routing,” IEEE  Asia-Pacific 



International Journal of Advances in Applied                                     

Science and Engineering (IJAEAS)                      

ISSN (P): 2348-1811; ISSN (E): 2348-182X 

Vol. 1, Issue 2, Apr 2014, 27-31 

© IIST    

 
 

International Journal of Advances in Engineering and Applied Science (IJAEAS) Vol-1 Iss-2, 2014 

31 

 

Conference on  Services Computing, Guangdong, Asia, pp. 

400-404, December 2006. 

[5]. Mei - Sung Kang, Yu - Lung Ke, Jheng - Sheng Li, 2011 

6th  IEEE  Conference on Industrial Electronics and 

Applications ” Implementation of Smart Loading 

Monitoring and Control System with ZigBee Wireless 

Network”, pp . 907-912. 

[6]. M. Zeghdoud, P. Cordier, and M. Terre, “Impact of Clear 

Channel Assessment Mode on the Performance of ZigBee 

Operatingin a WiFi Environment,” IEEE Workshop on 

Operator - Assisted Community Networks, Berlin, pp. 1-8, 

September 2006. 

[7]. Barrett, Raymond, Edgar Callaway, and Jose Gutierrez. 

IEEE 802.15.4 Low-Rate Wireless Personal Area 

Networks: Enabling Wireless Sensor Networks. Inst of 

Elect & Electronic, 2003. 

[8]. JinsooHan, HaeryongLee,andKwang-RohPark,“Remote-

Controllable and Energy-SavingRoomArchitectureBased 

onZigBeeCommunication,” IEEE Transon Consumer 

Electronics, vol.55,no.1,pp.264-268, Feb 2009. 

 

[9].           D.-M. Han, and J.-H. Lim, “Smart Home Energy 

Management System using IEEE 802.15.4 and ZigBee,” 

IEEE Trans. Consumer Electronics, Vol.56, No. 3, pp. 

1403-1410, Aug. 2010. 

[10]. D.-M. Han, and J.-H. Lim, “Design and Implementation of 

Smart Home Energy Management Systems based onZigBee,” 

IEEE  

Trans.Consumer Electronics, Vol. 56, No. 3, pp. 1417-

1425, Aug. 2010. 

[11]. Chia-Hung Len,Ying-WenBai,Hsien-ChungChen, and Chi-

Huang Hung, "HomeApplianceEnergyMonitoringand  

ControllingBased onPowerLine 

Communication,"Proceedings of the 27th 

InternationalConferenceon Consumer Electronics  

(ICCE), 2009. 

[12]. X.Jiang;P.Dutta,D.Culler,andI.Stoica,“MicroPowerMeterf

or EnergyMonitoringofWirelessSensorNetworksat 

Scale,”inProc.6thInternational Symposiumon  Information 

Processing  in Sensor Networks (IPSN2007), pp. 186-195, 

Apr. 25-27, 2007. 

[13]. S.-W.Luan, J.-H. Teng, S.-Y. Chan,and L.-C. 

Hwang,“Developmentofa smart powermeter forAMI 

basedonZigBeecommunication,”inProc.Inter- 

nationalConferenceon PowerElectronicsand DriveSystems 

(PEDS2009), pp. 661-665, Nov.2-5, 2009. 

[14]. JinsooHan, HaeryongLee,andKwang-RohPark,“Remote-

Controllable and Energy-SavingRoomArchitectureBased 

onZigBeeCommunication,” IEEE Transon Consumer 

Electronics, vol.55,no.1,pp.264-268, Feb 2009. 

[15]. KiChoolYang and SunYoungKim,“Automatically 

standbypowercutoff plug socket,”U.S. 

patent,no.US20080231121A1,Sep. 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

ISSN: 2321-8169 

Scientific Journal Impact Factor: 5.837 

 

The Board of 

International Journal of Recent and Innovation  

Trends  

in  

Computing and Communication 

Is hereby awarding this certificate to 

Mrs. Yasmeen Z.Attar     

In recognition of the publication of the paper entitled 

 

Survey on Audio Communication for Location Information by Using  

Visible Light Communication     

    

Published in IJRITCC Journal, Volume 5, Issue 4, April 2017 
 

 

 

 
                                               Director 

  

 

 

IJRITCC Board 

International Journal of Recent and Innovation  

Trends in Computing and Communication 

A Unit of Auricle Technologies Pvt. Ltd. 

www.ijritcc.org 

 

http://www.ijritcc.org/


 

 
 

ISSN: 2321-8169 

Scientific Journal Impact Factor: 5.837 

 

The Board of 

International Journal of Recent and Innovation  

Trends  

in  

Computing and Communication 

Is hereby awarding this certificate to 

Mrs. Punam Gurlhosur    

In recognition of the publication of the paper entitled 

 

Survey on Development of Mobile Technology                 

    

Published in IJRITCC Journal, Volume 5, Issue 5, May 2017 
 

 

 

 
                                               Director 

  

 

 

IJRITCC Board 

International Journal of Recent and Innovation  

Trends in Computing and Communication 

A Unit of Auricle Technologies Pvt. Ltd. 

www.ijritcc.org 

 

http://www.ijritcc.org/


          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 04 Issue: 10 | Oct -2017                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 6.171       |       ISO 9001:2008 Certified Journal       |   Page 1337 
 
 

PLANT MONITORING USING IMAGE PROCESSING, 
RASPBERRY PI & IOT 

 
Prof. Bhavana Patil1,Mr. Hemant Panchal2, Mr. Shubham Yadav3 , Mr. Arvind Singh4,  

Mr. Dinesh Patil5 

 

1Professor, Dept. of electronics and telecommunication, A.C.Patil College, Navi Mumbai, Maharashtra, India 
2,3,4,5 Student, Dept. of electronics and telecommunication, A.C.Patil College, Navi Mumbai, Maharashtra, India 

---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - In India, 70% of its people are in the 
Agriculture sector. The remaining 30% of people are an 
inseparable part of this field. Because from agriculture, we 
get various raw materials and especially crops, which serve 
as a staple food for people. But The crops and plantations 
get destroyed mainly due to two major reasons, first reason 
is destruction by natural calamities such as flood, 
earthquake, drought, famine, etc. and second reason is the 
destruction by the pathogens.98% of the destruction is 
caused by the pathogens and 2% of the destruction happens 
due to natural calamities. So the need for the plant disease 
detection was felt. The traditional methods were inaccurate 
and not effective. So various researches in this field lead to 
inclusion of image processing for accurate detection of 
disease by using plant leaf. Various spots, patterns on plant 
leaf are useful in detecting the disease. Further 
advancement was use of digital image processing for more 
accurate results. On referring various reputed IEEE, 
international conference and international journal papers 
regarding this field, it was found that none of these suggest 
remedy for curing the plant disease. 

 

Key Words:  component; formatting; style; styling;  
 

1. INTRODUCTION  
 
In India, Farmers have a great diversity of crops. Various 
pathogens are present in the environment which severely 
affects the crops and the soil in which the plant is planted, 
thereby affecting the production of crops .Various disease 
are observed on the plants and crops .The main 
identification of the affected plant or crop are its leaves. 
The various coloured spots and patterns on the leaf are 
very useful in detecting the disease. The past scenario for 
plant disease detection involved direct eye observation, 
remembering the particular set of disease as per the 
climate, season etc. These methods were indeed 
inaccurate and very time consuming. The current methods 
of plant disease detection involved various laboratory 
tests, skilled people, well equipped laboratories etc. These 
things are not available everywhere especially in remote 
areas. The method which I am implementing insures the 
automatic detection of crops. The very first 
implementation of plant disease detection using image 
processing was done by shen weizheng, wu yachun, Chen 

zhanliang and Wei hongda in their paper [9].The method 
which I am implementing makes use of digital image 
processing for plant disease detection. 
 

2. LITERATURE SURVEY  
 
Let’s have a brief overview of the various papers, which I 
have referred for implementation of my project. The usage 
of image processing technology for plant disease degree 
grading eliminates the subjectivity of traditional 
classification methods and human-induced errors. Thus 
the estimation credibility is improved and accurate data 
are provided for disease studies. The method is also 
convenient, which simply needs computers, digital 
cameras with the Combination of necessary software 
programs to realize for the disease batch grading. The 
accurate detection and classification of the plant disease is 
very important for the successful cultivation of the crop 
and this can be done by using image processing. The basic 
steps for disease detection using image processing include 
image acquisition, image pre processing, feature 
extraction, detection and classification of plant disease. 
Enhanced images have high quality and clarity than the 
original image. Colour image have primary colors red, 
green and blue. It is difficult to implement the application 
using RGB because of its range. Hence they convert RGB to 
grey images. Detection of plant disease through some 
automatic technique is beneficial as it reduces a large 
work of monitoring in big farms of crops and at very early 
stage itself detects the symptoms of the disease. They have 
presented a survey on various classification techniques. 
Abdul hallis et al in their paper, have used MATLAB for 
feature extraction and image recognition. Here digital 
camera is used for image capturing. Mrunalini and 
Prashant. R.Deshmukh Compares Otsu threshold and the K 
means clustering algorithm for infected leaf analysis. The 
clarity of k means clustering is more accurate than other 
method. J.K.Patil in his paper describes the possible 
approach for extraction of low level image features like 
color and texture. Anand kulkarni in his paper discusses 
the Gabor filter and ANN for feature extraction and 
classification respectively . Haiguang Wang in his paper 
stresses on the principal component analysis. PCA could 
reduce the dimensions of the obtained data under the 
premise of retaining the total data information, reduce the 
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nod .of neurons in the input layer and increase the speed 
of neural networks. Maintaining the Integrity of the 
Specifications 
 

3. STEPS FOR PLANT DISEASE DETECTION 
 
3.1 IMAGE ACQUISITION 

 
The images of the plant leaf can be acquired using two 

ways. First way is to capture image using the external 
camera, here we have used iball web camera and second 
way is to get the image from the email etc. The input image 
is converted to color space. 

 

 
 

Fig.(3-1) image acquisation 
 

3.2 IMAGE PRE-PROCESSING 
 
To remove the noise in the image, different pre processing 
techniques are considered such as image clipping for 
obtaining the concerned area by cropping; image 
smoothing is done to reduce in the obtained image by 
using the smoothing filter. Image enhancement is done to 

increase the contrast. 
 

 
 

Fig.(3-2) image cropping example 
 

 
 

Fig.(3-3) image smoothing 
 

 
 

Fig.(3-4) enhanced image of leaf 
 

3.3 IMAGE SEGMENTATION 
 
Segmentation means partitioning of images into various 
part of the same feature or having some similarity. The 
segmentation can be done using Otsu’s method, K means 
clustering, converting RGB to HSI model etc. The K means 
clustering is used for classification of the object based on a 
set of the features into K no. of classes. The classification of 
the object is done by minimizing the sum of the square of 
the distance between the object and the corresponding 
cluster. 
 

 
 

Fig.(3-5) image segmentation 
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3.4 FEATURE EXTRACTION 
 
Feature extraction plays an important role for 
identification of an object. In many application of image 
processing, feature extraction is used. T he features which 
can be used in plant disease detection. In paper [3], 
Monica jhuria et al considers color, texture and 
Morphology as a feature for disease detection. They have 
found that morphological result gives better result than 
the other features. Texture means how the color is 
distributed in the image, the roughness, hardness of the 
image. It can also be used for the detection of infected 
plant areas. Color, texture, morphology, etc. are the 
features which can be used in plant disease detection. In 
my project for feature extraction, we have converted the 
image to grey scale. The image which is in the color space 
is converted into grey image using,  
 
F(x) =0.2989*R+0.5876*G+0.114.*B. 
 

 
 

Fig. (3-6) Feature extraction 
 

3.5 CLASSIFICATIONS 
 
For the classification and the detection, we have used SVM 
(support vector machine) with .mat file. The SVM is the 
supervised learning model with associated learning 
algorithm that analyzes data used for classification and 
regression analysis. A SVM constructs a hyper plane or a 
set of hyper planes in a high or infinite dimensional space 
which can be used for classification, regression or other 
tasks. Intuitively, a good separation is achieved by the 
hyper plane that has the largest distance to the nearest 
training-data point of any class (so-called functional 
margin), since in general the larger the margin the lower 
the generalization error of the classifier. The.mat file store 
the various features of the affected leaf. 

 
 
 
 
 

4. BASIC TYPES OF PLANT FAMILIES 
 
4.1 MONOCOT FAMILY PLANT 
 
These type plants have one seed leaf. The vein structures 
of Monocot family plants are parallel and straight    wheat, 
ginger, corn, rice, millet. 

4.2 DICOT FAMILY PLANT 
These type plants have two seed leaves.  The vein 
structures of Dicot family plants are nested and complex 
structure. Cotton, potatoes, tomatoes, beans, honeysuckle, 
roses. 

 
5. FRUIT SIZE DETECTING AND GRADING 
 
5.1 PROCESSING FLOW 
 

 
Fig (5-1) fruit image size detection and grading 

 
Take apple as the processing example, according to, the 
apple size is its diameter, which is the longest distance in 
the apple’s cross section. So the detecting program is 
focused on how to calculate the diameter in an apple side 
view image. The fruit image size detecting and grading 
processing flow. 

 
5.2 COLOR DETECTION 
 
In the process of fruit color is detected according toRGB 
values; here fruits are sorted according to color and size. 
So for e.g. two fruits are considered say tomato having red 
color and guava having green color, so in this step work is 
going to find out color of a fruit by using RGB values of an 
image taken from the camera, this image can be processed 
by using MATLAB software and accordingly color can be 
detected i.e. green or red. 
 
Color detection algorithm: 
 
1) Start  
2) Read the input color image using imread function.  
3) Read the input pixel of color image in three different 
planes (RGB) and store it into three variable r, g, and b.  
4) Read the small region of fruit to detect color of fruit.  
5) Store in different variable r1, g1, b1.  
6) Calculate the mean of r1, g1, b1 and store into variable 
r2, g2, b2.  
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7) Compare the value with threshold.  
8) If g2>threshold, Color detected is green.  
9) If r2>threshold, Color detected is Red.  

10) End. 
 
5.3 EDGE DETECTION 
Once color is detected, there is a need to find out size of a 
fruit. The size of circular shaped fruit is its diameter. The 
edge extraction is key factor for size detecting. After gray 
image, the most powerful edge-detection method that 
finds edge is the canny method. 
 
The Canny method differs from the other edge-detection 
methods in that it uses two different thresholds (to Detect 
strong and weak edges) and includes the weak edges in 
the output only if they are connected to strong edges. This 
method is therefore less likely than the others to be fooled 
by noise, and more likely to detect true weak edges. 

 
5.4 FRUIT SIZE DETECTING ALGORITHM 
In order to calculate this diameter, the fruit’s natural 
symmetry is considered, so the fruit size detecting 
algorithm based on its symmetry mainly contains two 
parts: finding the center coordinates of fruit’s shape in 
image and finding fruit’s axis in image . The algorithm is 
described as follows:  
 
Finding the center coordinate of fruit’s shape in image: 
The center coordinate can be easily calculated once 
finding the edge sequence points. Suppose the finding 
edge sequence point is q (xi, yi), i=1, n. the center 
coordinates of fruit’s shape is (cx, cy). 

 
6. PLANT MONITORING SYSTEM OVERVIEW 
 

 
 

Fig (6-1) monitoring system 
 

Shown in figure , components of the automatic plant 
monitoring system on Raspberry Pi Model-B and Arduino 
Uno are demonstrated. The system can notify using a real-
time alarming system to smart phones reporting such as 
the current and daily highest/lowest temperature, 
humidity, and weather quality of the farm surroundings. 
Users can also control the filter fan switches and 
customize the notification system to the smart phone. 

 
7. MONITOURIN SYSTEM METHODOLOGY 
 
7.1 RASPBERRY PI 

 
Raspberry Pi  is a small computer board working on the 
Linux operating system which connects to a computer 
monitor, keyboard, and mouse. Raspberry Pi can be 
applied to a electronic structure and programming 
network work, it can also serve as a personal computer 
and Apache Webserver, MySQL could be installed in the 
board. 
 
A GPIO  pin can be used as either a digital input or a digital 
output, and both operate at 3.3V. Unlike the Arduino, the 
Raspberry Pi which does not have any analog inputs. For 
that you must use an external analog-to-digital 
converter(ADC) or connect the Pi to an interface board 
must be used. 
 

7.2 ARDUINO 
 
Arduino is an open-source microcontroller compatible 
with developed platforms. The controller appears not to 
be expensive and uses low electrical power, 5.5 volts. C 
and C++ were employed for this development. Arduino can 
connect to a computer via the Universal Serial Bus (USB) 
and perform with compatible connected accessories in 
both analog signal and digital signal. The Arduino is a 
microcontroller platform, mounted on a board that plugs 
easily into most computers. It allows the user to program 
the onboard Atmega chip to do various things with 
programming language, in programs called sketches. 
 

7.3 HUMIDITY SENSOR MODULE 
 
Environmental conditions directly affect animal livelihood 
contributing to some chronic epidemics such as Bird Flu 
and Hand Foot and Mouth Disease. Therefore, DHT22 is 
use as a censor for measuring temperature (for both 
Fahrenheit and Celsius value) and humidity. The 
measurement unit will be demonstrated in a digital signal 
form. 
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7.4 GAS SENSOR MODULE 
 
The module works as a Air Quality Detection Gas Sensor, 
this is sensitive to gas dangerous to human, applied to 
measure NH3, NOx, Alchohol, Benzene, CO, and CO2. The 
module is also used for controlling weather conditions and 
air cleaners in buildings. The measurement unit is 
presented in a analog signal. 
 
In this research, three censor forms were used, consisting 
of MQ-2, MQ-135, and MQ-136 because of its gas 
measurement differences. 

 
7.5 PHOTOSENSITIVE SENSOR MODULE (LDR) 

 
A light sensor was used for measurement of light intensity 
especially for naked eye light, its unit is called Lux . Light 
Dependent Resistor (LDR) is a light sensitive resistance 
changing electronic resistance when there is a light 
incidence, called Photo Resistor or Photo Conductor. The 
resistor was made from Semiconductor, Cadmium Sulfide 
(Cds) or Cadmium Selenide (CdSe). These two substances 
are semiconductors coated in a ceramic sheet as a base. 

 
7.6 HARDWARE CONNECTION 

 
The Raspberry Pi and Arduino were connected via UART. 
The connection was a serial communication as Full Duplex 
since there was two-ways that data could be transmitted 
via pin TX and RX. A direct connection between the 
Raspberry Pi and Arduino was prohibited, because of its 
electrical potential differences, which is 3.3 volts for the 
Raspberry Pi and 5 volts for the Arduino. Bi-directional 
Logic Level Converter should be used to separate them. A 
connection between a camera and Raspberry Pi by 
applying Common System Interface (CSI) serves as a point 
to point connection, providing a fast data transmission and 
low energy consumption. MJPG-Streamer is a basic 
program command copying data from a single input to 
multiple outputs. A photo could be presented in a network 
system accessing from a web browser on a computer. In 
this study, a photo from a camera would be taken to 
demonstrate on a smart phone. All sensors would be 
connected via Board Arduino and the data would be 
transmitted from UART to Board Raspberry Pi. Raspberry 
Pi works as a controller of a ventilator, notifying a working 
condition to the smart phone and served as a data sender 
to store in a server computer. 

 
 
 
 
 
 
 

7.7 SOFTWARE 
 

 
 

Fig (7-1) Flowchart of programming in Raspberry Pi 
 
A connection between Raspberry Pi and smart phones was 
investigated in this study. Programming of a 
communication between a server and a client consisted of 
two perspectives. The Raspberry Pi would check whether 
there was any connected clients, if so, a mutual data 
transmission would be done. By doing this, an application 
would send the data via Socket referring to IP Address and 
Port in Transport Layer using TCP protocol. 

 
Python programming is applied for the development of 
Raspberry Pi. Python would read the Arduino signal value 
via UART and then collect the obtained signal to the 
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database for processing. If the value surpassed threshold, 
the over signal would be sent to GPIO pins to aware the 
analog signal. 
 

3. CONCLUSIONS 
 
The accurate detection and classification of the plant 
disease is very important for the successful cultivation of 
the crops, this can be done using digital image processing. 
In this project, the detection as wells the remedy for 
curing it is achieved. This project utilizes GSM so as to 
send the message to every kind of mobile handset. This 
project utilizes various image processing techniques 
which provide accurate results. 
 
The proposed system is a demo version, so for a large 
scale production the number of cameras and length of 
conveyor system can be modified. This work presents new 
integrated techniques for sorting and grading of different 
fruits. Generally image capture is a big challenge as there 
is a chance of high uncertainty due to the external lighting 
conditions, so we are taking the advantage of gray scale 
image which are less effected to the external environment 
changes as well as beneficial for finding size of a fruit. 
Same way while collecting fruit from conveyor system by a 
main plate there is variation in the weight measurement of 
a fruit so further design can be modified so fruits can be 
collected stably. Speed and efficiency of a system can be 
further improved by using ARM9 or ARM11 processor for 
the same purpose. 
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Abstract - Security in travel is primary concern for everyone. 
This Project describes a design of effective information system 
that can monitor an automotive / vehicle / car condition in 
traveling. This project is designed to inform about the location 
of vehicle, accident that is occurred to a vehicle to the family 
members of the traveling persons and leakage of gases from 
the vehicle which in turn causes accidents. This project uses 
accelerometer sensor which can detect the unevenness of 
vehicle and vibrations when an accident is occurred. This 
sends a signal to microcontroller. Vehicle accident detection 
system using GSM and GPS modems is done. Messages 
notifications are sent to the mobile number which is 
prescribed. This monitoring system is composed of a GPS 
receiver, arduino and a GSM Modem. GPS Receiver gets the geo 
satellite information satellites in the form of latitude and 
longitude. The arduino processes this information and this 
processed information is sent to the user/owner using GSM 
modem . A GSM modem is interfaced to the MCU. Heat sensor 
used to detect temperature level and leakage of harmful gases 
in the vehicle. 
 
Key Words:  GPS, GSM, ARDUINO UNO 
 

1. INTRODUCTION  
 

Major deaths occur due to the road accidents in all 
over the world. According to the recent Surveys from IIHS it 
is stated that these can be reduced by proper 
implementation of the IOT systems and based on notification 
sytems also. It can only reduce the deaths after accidents but 
we cannot manage the behaviours of the drivers such as 
alchohol driving and drug addicted persons drive etc. these 
behaviours cannot be controlled. Automatic detection of 
crashes is largely applied in various automobile industries 
such as tesla one of the leading example. The core principle 
of the project is to reduce the number deaths which caused 
due to lack of proper treatment at the right time.The system 
is currently in an unpolished level .i.e the complete end 
product has to be made only with the help of industries. In 
order to make these we need to reduce the dimensions of the 
system and also the cost with which it is implemented. 
furthermore advancement can also be made using ultrasonic 
sensors and cameras 

 

2.  LITERATURE SURVEY  
 

The paper published on IJDCST at March-April-2017,Issue-V-
5, I-3, SW-31 its ISN code is 2320-7884. This project uses 
accelerometer sensor which can detect the unevenness of 
vehicle and vibrations when an accident is occurred. This 

sends a signal to microcontroller. Vehicle accident detection 
system using GSM and GPS modems is done. Messages 
notifications are sent to the mobile number which is 
prescribed. This monitoring system is composed of a GPS 
receiver, arduino and a GSM Modem. GPS Receiver gets the 
geo satellite information satellites in the form of latitude and 
longitude. The arduino processes this information and this 
processed information is sent to the user/owner using GSM 
modem . A GSM modem is interfaced to the MCU. Heat sensor 
used to detect temperature level and leakage of harmful 
gases in the vehicle. 
 

3. PROPOSED SYSTEM 
 

 
 

FIG 3.1  Block diagram 
 
In our proposed system our efforts to detect drunk-ness of 
driver and if they have drunked then prevent them from 
driving and notifying this detection of alcoholic driver to 
near police station who are suffering for identifying drunken 
driver and give punishment. Along with this scheme we are 
also going to monitor behavior of vehicle in both inside and 
outside of vehicle. Along provide help to driver when in case 
accident happened by sending message to ambulance, police 
station and relative of driver also. Following Figures 1&2 
shows block diagram of our system with architecture. 
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FIG3.2  PROPOSED SYSTEM ARCHITECTURE 
 
In system construction, it mainly consist of two part namely 
as software part and hardware part. software part include 
embedded software for interfacing of various hardware 
component like LCD display ,microcontroller ,sensor 
,GSM,GPS etc. whereas in hardware part include component 
used such as alcohol sensor(MQ-3), GPS, GSM, Obstacle 
Sensor, LCD display, Fuel Supply Blocker, Ultrasonic Sensor, 
Heart pulse Sensor, Bumper switch.  
 
In this, upon detection of alcohol two condition are checked. 
The first is that ,if driver has drunk, he wish to start vehicle 
at that time at trying to the starting car sensing of alcohol 
will be done at which speed be 0. If alcohol is detected then 
signal is passed to microcontroller and car ignition will be 
stop immediately . so this prevent driver from being drive a 
vehicle. The second case in which speed is greater than 0 or 
2 .It may happen that ,upon drinking alcohol his wish to start 
vehicle from anybody. So we also provide mechanism to 
cutt-off fuel supply instead of stop ignition system directly 
because direct stopping of ignition system on detecting an 
alcohol may be dangerous as driver driving a vehicle at high 
speed and it may lead to chances of accident. So after cut-off 
fuel supply driver will place car at proper position. 
 

4 . Block Diagram Explanation 
 
4.1  Alcohol Sensor:-  
 
The alcohol sensor will detect the alcohol content from 
human (driver) breath and send it’s value to microcontroller. 
Alcohol sensor (MQ3) is suitable for detecting alcohol 
concentration just like your common breathalyzer. It has a 
high sensitivity to small value of BAC and fast response time, 
provides an analog resistive output based on alcohol.it has 
sno2 as gas sensitive material to sense alcohol. 
 

4.2 LCD Display:-  
 
The LCD display is fitted inside the car and this LCD display 
is act as indicator to driver and other people who are sitting 
inside the car. This display gives indication of alcohol level 
detected by alcohol sensor, this also provide warning 
message to driver to stop car or vehicle within particular 

time afterward car will automatically stop, indication of 
smoke/gas detected in car. 
 

4.3 Fuel Supply Blocker:- 
 
When alcohol is detected while driving then instead of stop 
ignition system directly while driving state, signal is passed 
to fuel blocker and fuel supply is cut-off. This results in fuel 
supply cut-off to the engine. Thus the engine stops working 
or doesn’t start depending on the position of the car. 
 

4.4  Heart Pulse Sensor:-  
 
In many case, accident due to increasing heartbeat and due 
to which driver are mostly distracted from driving.so we can 
also notify other people’s sitted inside vehicle about health 
status of driver. Heart rate sensor consist of device that 
sense or receive the signal in the form of pulse rate and this 
determine the heart beat signal in beat per minute. There are 
two heartbeat condition one normal which is called 
bradycardia and second is abnormal which is called 
tachycardia. The normal .human heartbeat is 70 beat per 
minute and female has about 75 beat per minute. If heart 
beat sensor detects heart beat rete with abnormal condition 
satisfied, it means high pulse rate so this signal is passed to 
controller and related message display on LCD with alarm 
and warning also send to relative of driver and to 
ambulance. 
 

4.5 GSM Modem:-  
 
In this we using GSM Modem 300 ,this GSM Modem can 
accept any GSM network operator SIM card as like a mobile 
phone with its own unique phone number. Applications like 
SMS Control, data transfer, remote control and logging can 
be developed easily. The modem can either be connected to 
PC serial port directly or to any microcontroller. Heartbeat 
abnormal condition when detected then this message is send 
to relative as well as ambulance , alcohol detected is also 
send to relative and police station with car no and location 
using GPS system. 
 

4.6 GPS (Global Positioning System):-  
 
GPS is a global positioning system which is used to get the 
location of particular object in latitude and longitude. we are 
going to use GPS system to send position information to 
police and relative of driver when alcohol detected as well as 
accident happen then location, Vehicle no. is send to police 
station ,relative and ambulance for providing treatment 
immediately or as early as possible. And also police can track 
driver if alcohol detected, to give punishment. The Global 
Positioning System (GPS) is a satellite-based navigation 
system consists of a network of 24 satellites located into 
orbit. GPS works in any weather circumstances at anywhere 
in the world. Normally no subscription fees or system 
charges to use GPS. A GPS receiver must be locked on to the 
signal of at least three satellites to estimate2D position 
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(latitude and longitude) and track movement. With four or 
more satellites in sight, the receiver can determine the user's 
3D position (latitude, longitude and altitude). Once the 
vehicle position has been calculated, the GPS unit can 
determine other information like, speed, distance to 
destination, time and other. GPS receiver is used for this 
research work to detect the vehicle location and provide 
information to responsible person through GSM technology. 
 

4.7  Microcontroller (ATmega328) :-  
 
In this system we are using Arduino board which has 
advantageous features in which microcontroller ATmega328 
are present which is to be using for controlling system .The 
Arduino Uno is a microcontroller board based on the 
ATmega328.ATmega has features like speed 20 MHz ,Power 
supply 1.8-5.5 ,Operational range -400C to 850C ,32KB F lash 
,1KB EEPROM ,2KB RAM. Arduino has 14 digital 
input/output pins (of which 6 can be used as PWM outputs), 
6 analog inputs, a 16 MHz crystal oscillator, a USB 
connection, a power jack, an ICSP header, and a reset button. 
It contains everything require to support the 
microcontroller; simply connect it to a computer with a USB 
cable or power it with a AC-to-DC adapter or battery to get 
started. The Uno differs from all preceding boards in that it 
does not use the FTDI USB-to-serial driver chip. Instead, it 
features the Atmega8U2 programmed as a USB-to-serial 
converter. 
 

4.8 Relay:-  
 
Relay is used to turn off the ignition system by passing low 
power signal to ignition system .that’s mean when alcohol 
detected power signal is triggered.  
 

4.9  Bumper Switch:-  
 
Bumper switch is kind of switch which is a very effective 
sensor for collision detection. Bumper switch works as a 
pushbutton i.e. it is activated when pressed and the 
microcontroller then performs the necessary action for this 
condition. This sensor is a very simple way to test collision 
detection function in any scenario .when some another 
vehicle collide then this switch is get activated. 
  

5. METHODLOGY 
 
1 .Starting vehicle by driver.  

2. Check speed of car.  

3. If it is zero then start sensing by various sensor & notify          
detection .In this case alcohol is mainly checked if it 
detected then stop ignition . 

 4. If speed is greater than 2 kmph then again sensing 
started. Detection of various      parameter will be sense by 
sensor & will be notify.  

5. At a same time if alcohol is detected then fuel supply 
will blocked.  

6. Vehicle will stopped & notify detection to relative and 
police station. 

7. STOP 
 

6. FLOWCHART 
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7. CONCLUSION 
 
Proposed system will efficiently detect alcohol through 
driver breath and stop the vehicle by suspending the 
ignition, instead of directly stopping the vehicle. Proposed 
system can notify relatives of driver, police station. Future 
scope of this system is it can also check whenever the 
accident happens will notify immediately to the numbers 
provided in application by the end user and therefore people 
in the car can get service as early as possible by minimizing 
the casualties. To implement this approach GSM system can 
be used, it will also help police to identify drunken drivers 
and give punishment them by tracking it’s vehicle using GPS 
system 
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1.  Introduction

Power consumption has become one of the critical 
issues of the Wireless Sensor Networks (WSNs). In the 
literature survey of WSNs shows that there is a progress 
in the technology and the application of WSNs1. The 
researchers have compiled it with the standards for real 
cases (e.g., IEEE 802.15.4 wireless personal area network 
(WPAN)2 spanning a wide range commercial and 
industrial applications like healthcare, home automation, 
agriculture, private and public sector organizations, and 
the military. In general, the prolongation of network 
lifetimes for Wireless Sensor Node of WSNs has depended 
on a power and computing resources.

As the technological development in the wireless 
networking, VLSI and embedded system have 
enabled a new generation choice to select Wireless 
Sensor Networks (WSNs) suitable for a wide range of 
commercial and military application. It is expected that 
tiny and inexpensive sensors are everywhere in the smart 
infrastructure or even in the animals to sense a variety 

of physical phenomena of interest, such as monitoring 
environments, tracking vehicles, vessels or pedestrian, 
reporting emergency conditions, or detecting natural 
calamity and industrial automation2-4.

A power dissipation (Pdiss) and energy consumption 
are especially very important in a circuit employed with 
the application of Wireless Sensor Networks (WSNs), 
when there is a restriction on an amount of a power 
budget or source of energy. Power dissipation in an Ultra-
Low-Power (ULP) application has the most important 
design issue5. In such applications, the allocation of a 
power budget to a circuit is done by utmost care and as 
per the technologies need to fulfill the requirements. 

Section II describes the general WSN architecture. 
Section III describes the SAR ADC. Section IV 
mathematical analysis of SAR logic, Section V provides 
a short conclusion.

2.  Wsn Architecture

Modern day, wireless sensor networks are mainly 

Abstract
SAR plays an important role in ADC used in WSN. To finding out comparator resolving time and its relation to the DAC 
settling time. This paper describes a mathematical analysis of resolving time of a synchronous and asynchronous type 
of a Successive Approximation Register (SAR) ADC. We have derived the relation ratio of asynchronous and synchronous 
resolving time for a number of bits. The mathematical analysis verified using Scilab 5.2.2. The comparator resolving and 
DAC settling timing constraints have the tradeoff between power and speed.  The maximum resolving time satisfies both the 
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asynchronous. As the number of resolution bits increases, the conversion time of asynchronous SAR decreases compared 
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composed of very small-scale distributed sensors or nodes. 
Each node is communicating with the other via wireless 
media. The whole network of nodes is communicating 
globally with a central base station. The control signals 
normally are assigned to the nodes by the base stations.

A Wireless Sensor Node of WSNs is consisting of four 
basic blocks shown in Figure. 1, a sensor, a processing 
unit, a transceiver unit, and a power unit. Depending on 
the application, there is a need location finding system, 
power generator, and mobilizer. A sensor with the signal 
conditioning block has an Analog To Digital Converters 
(ADCs) to observe the phenomenon by the sensors and 
converted it into digital signals. Then, the digital signal 
is partially processed on the node by a processing unit. 
The processing unit associated with a small memory 
unit partially processes the data. A sensor node manages 
the procedures in collaboration with the other nodes to 
carry out the required sensing tasks to send that data to a 
control station. A transceiver unit connects all the nodes 
and base station to each other in the network2.

Figure 1.    The Components of Sensor Node.

The power unit is most important components in the 
wireless sensing node. Power units may be supported by 
the power generator units such as solar cells. To find out 
the exact locations or place is to be done with the help 
of the sensor network direction-finding techniques. 
This requires sensing tasks with the knowledge database 
of location with high precision. Thus, there is need of a 
location finding system in a sensor node. A mobilizer 
gives a mobility to move a sensor node in order to perform 
the desired tasks2,6.

3.  sAR ADC

A tiny sensor node along with the other nodes forms 

wireless sensor networks. These nodes are typically 
battery-operated. A power consumed by these nodes 
decides the life span of nodes. Thus, the key requirement 
for a WSN node is the power consumption of a sensor 
node circuit. An Analog-to-Digital Converter (ADC) is 
one of the vital components in the designing of a sensor 
node circuit. The ADC next to the processor consumes 
more power. A Successive Approximation Register (SAR) 
type ADC is a low power, simple, faster, and suitable for 
sensor node. It has been considered as one of the power 
efficient ADC structures for a WSN node7.

The conventional architecture8 of SAR ADCs is 
illustrated in Figure. 2, which consist of a comparator, 
Successive Approximation Register (SAR) and Digital 
to Analog Converter (DAC). The comparator compares 
the analog input with the signal coming from DAC and 
generates the pulses. These pulses are shifted and counted 
with the help of SAR. Finally, digital logic generated by 
the SAR is again converted back to analog with the help 
of DAC. The output generated by the SAR is the digital 
output of an ADC. The time required for one bit of 
conversion is a sum of comparator time, SAR logic and 
conversion time of a DAC, referred as a critical path given 
by in Equation 1. The time required for the comparator is 
given by Equation 2.

Figure 2.    Conventional SAR ADC architecture.

   (1)
QUOTE 

    (2)

Where, Vin represents the differential input voltage, Vout 
output voltage swing, CL load  capacitance at the output 
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of the comparator, IO operational current, gm;eff effective 
transconductance, Vthp,  β technology related constant.

The demand of energy-limited application in wireless 
sensor networks applications with the power efficient 
SAR Analog-to-Digital Converters (ADCs) to extend the 
product life span. For such applications, ADCs are usually 
required to operate with a wide range of flexibility (8-12 
bits) resolution, 1 kS/s - 100 MS/s sampling rate, and 
ultra-low voltage. In7 Asynchronous SAR logic is used. 
The linearity of an ADC and common-mode voltage 
value decreases or increase monotonically depends on the 
sign of Vref. This fact can make the design complex and 
degrade linearity. In3, a self-synchronization SAR ADC 
with comparator at 8- bit accuracy level. This technique 
in3 saves a power in the comparator and introduces 
decision errors, the trade off between accuracy and power. 
In9, a single ended energy saving split capacitor DAC and 
latch comparator are used. The gain of a comparator is 
increased by adding more pre-amplification stages. This 
strategy shortens the comparison period and reduces 
the power dissipation of comparator, but the speed of an 
ADC is limited. 

4.  Analysis of sAR

4.1 Synchronous SAR
In Synchronous SAR ADCs need a high rate clock to 
make their SAR logic working. The frequency of the clock 
is at least N times higher than the sampling clock. Its 
period has to be sufficient for the conversion of digital to 
analog to settle and for the comparator to make a correct 
decision. Synchronous SAR conversion time is at least 
(N+1)* clock period for N-bit SAR converter10.  

4.2  Asynchronous SAR
The power and speed limitation for synchronous 
SAR comes because of an internal global clock. The 
asynchronous approach eliminates the need of for any 
internal clock and uses a handshaking signal to reduce 
the significant power. The asynchronous handshake 
data ready signal is generated upon completion of each 
comparator by the comparator6. This event-driven 
asynchronous ready signal divides the global clock into 
a local clock. This avoids the use of oversampled clock 
and hence consumes much less power than synchronous 
SAR8,11.

4.3 Optimization of SAR
The difference of voltages between the input signal (Vres)  
and the reference level defines the comparator resolving 
time (Tcmp). The resolving time is given by Equation 3 and 
412.

    (3)

    (4)

Where k is constant and equal to  
Ao is the small signal gain of an inverting amplifier is 

the time constant of the regenerative latch, VFS is the full-
scale logic voltage swing level.

For an N-bit converter, the synchronous and 
asynchronous total resolving time can be expressed as Eq. 
5 and 6 respectively12.

   (5)

   (6)

The profile of Vres(i), function profile and a number 
of bits is the conversion time savings between Tasync and 
Tsync. This depends on input voltage level. The equation 
based on the optimization evaluates the conversion 
time. The numerical analysis of Eq.6 for best and worst 
case conditions can be found by applying full swing 
input voltage, i.e., Vres reaches to ±½ VFS. The Vres swap its 
polarity from the successive comparison cycles shown in 
a figure. 3 results in the longest conversion time12.

Figure 3.    Bit wise Vres (bar) comparisons with the Vin 
(dash line) for 4-bit Vres.

The minimum value ratio of  for best case 
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condition can be expressed shown in Eq.7 and Vres(i) would 
simply be written as  by defining 

VLSB = . The minimum value of Eq.8 is 0.5.

The maximum value of resolving ratio is given by Eq.9 
and 10, by putting the second worst case conversion time 
condition when Vin is VFS/3 [12].

      (10)
4.4 Finding Maxima and Minima
The local maxima/minima for a function f(x) are found by 
first and second order differentiation. Maxima/minima 
occur when f ’ (x) = 013.
First and Second derivative test
•	 Find the values for first derivative f ’ (x) = 0 and 

find real roots to locate critical points. Then ‘x’ have 
maximum value if the second derivative is f ’’ (a) < 0; 

•	 Find the values for first derivative f ’ (x) = 0 and find 
real roots to locate critical points. Then the ‘x’ have 
minimum value if the second derivative is f ” (a) > 0;

x0  is a point of inflexion,  where f ’’ (x) = 0 and f ’’’ (x) ≠ 
0. Geometrically, the equation y = f(x) has neither a point 
local minima nor maxima at x0 

13.

4.5 Our Contribution
The maximum or minimum value of the two-dimensional 
plane (Tasyn/Tsyn, N) i.e. resolution time over a number of 
bits is shown in Figure 4 and relative to that the condition 
is

Figure 4.    Number of bits versus the ratio of resolving time.

The mathematical analysis for finding out the first 
order derivative of the Eq.10, for the maximum value 
condition is given in Equation11.

      (11)
Applying differentiation quotient rule given by 

Equation 12 to Equation 11, we get the first order 
derivative is given in Equation 13.      

   (12)

After simplifying and rearranging Equation 13. We get,
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In order  to satisfy the first order derivative test 
for maximum  putting the critical or stationary 
condition from the graph is  = N1 = 1. From 
Equation 15, we get the numerical value approximately 
equal to zero.

This will satisfy the first derivative condition. To fulfill 
the second order derivative condition i.e. taking second 
derivative of the ratio . The second 

derivative Equation 16 is obtained from Equation 11.

After rearranging Equation 14 of the first derivative, 
we get the Equation 17.

      (17)
Again applying the quotient rule and solving the 

derivative,

Solving Equation18, the equation second order 
derivative is given by Equation 19

      (19)
A numerical value from Eq. 20, this will satisfy second 

derivative condition i.e.  

   (20)

is the maximum value hence proved.

4.6 Digital-to-Analog Converter (DAC)
The output of SAR driving the DAC, it converts the digital 
code output of SAR into analog voltage shown in figure.1. 
The time required to complete its conversion from digital 
to analog is tDAC and is given by Equation1. The time 
required for the DAC output to settle within ±1/2 step 
size (resolution) of its final value is called settling time. 
The resolving time (Tcmp) and the required DAC settling 
time (tDAC_settle) are inversely proportional to each other. 
The settling time (tDAC_settle) is given by Equation 21.

    (21)

Where, VFS is a full-scale voltage and N are the number 
of bits.

For conversion step (i) , the minimum settling time14 
required in each is given by Equation 22,

    (22)

Thus, the settling time required for ith conversion step14  
is given by Equation 23. The number of conversion steps 
versus settling time performance is shown in Figure. 5.

(13)
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Figure 5.    Number of conversion steps versus the settling 
time.

 (23)
Where, 

For higher-resolution SAR ADCs DAC have the 
critical limit on the settling time. The violation of settling 
time can cause overshoot or ringing. The characteristics 
of this overshoot depend on- chip and off-chip parasitic 
components15.

5.  Conclusion

In this paper, we have presented a mathematical analysis of 
resolving time ratio with a synchronous to asynchronous 
SAR logic and number of resolution bits. The maximum 
value of the ratio is found by the first and second order 
derivative test. The simulation of mathematical equations 
is done with the open source toolbox Scilab 5.5.2. As the 
number of resolution bits increases the conversion time of 
asynchronous SAR decreases compared to synchronous 
and the settling time of DAC decreases, which can lead to 
an overshoot problem. This will not only save the power 
but also make a high-speed asynchronous SAR logic used 
in WSNs.
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Abstract: Although tremendous progress has been made in 

past decade to detect the unattended objects especially in 

public places namely railway stations, shopping malls, Bus 

stations, public places etc but still fails to meet the 

requirement. An automatic mechanism for detecting objects 

left unattended in consumer world resulted in 

commercialization. The object detection mainly based on 

object extraction and objects classification. There might be 

chances of some distorted signal present in our digital 

signal. So to remove noise here we are using wavelet de-

noising and bilateral filter de-noising. Final results show 

good PSNR values and better performance over other de-

noising techniques. 

Keywords: video surveillance, unattended object, object 

extraction. 

 
I. INTRODUCTION 

Visual surveillance for human-behaviour understanding has 

been investigated worldwide as an active research topic. In 

particular, an automated video surveillance system for 

robustly and effectively detecting of unattended objects is 

increasing the worldwide attention in many contexts, 

especially, in the consumer world of applications. In these 

systems, it should be a sufficiently high accuracy enabling a 

real-time performance. Thus, a prime goal of automated 

visual surveillance is to obtain a live description of what is 

happening in a monitored area and take (or trigger) 

appropriate action. Not always appreciated is that visual tasks 
people find straightforward can sometimes represent major 

challenges for the computer. The computational effort and 

complexity involved in simply “following” someone through 

an extended video sequence is enormous, and a truly robust 

and reliable tracker has yet to be developed. Compounding 

the problem is that usually public areas under surveillance 

often have fluctuating and variable lighting conditions, 

people are frequently occluded by other people or structures, 

and people may temporarily leave a monitored area, etc. Each 

of these factors can add tremendous difficulty to the task. The 

automated analysis of unattended objects in relation with 
human behaviour in the surrounding area is the subject of this 

paper, with the aim to explore efficient algorithms for 

consumer use. As a consumer video application, automatic 

unattended object detection inter-relation with human 

suspicious behaviour requires a sufficiently high accuracy 

and the computation complexity should enable a real-time 

performance. For such a system, we need to analyze not only 

the motion of people and objects, but also the posture of the 

person such as carrying bags, leaving the bags unattended, as 

the postures of the persons can provide important clues for  

 

the understanding of their motives and intentions. 

 

II. LITERATURE SURVEY 

2.1 HUMAN MOTION CAPTURE. 

Detecting a moving person and a abandoned object are 
essential for security surveillance. For detection of motion 

and abandoned objects in a scenario, here Two motion cues 

from background subtraction and temporal differencing used. 

By projecting motion vertically a technique is developed 

which can identify and give proper location of objects. 

Background is updated periodically. Background is updated 

on both the levels ie. region level and pixel level. Due to this 

low and high illumination changes can be observed. This 

makes the background maintenance robust to various types 

of background variation. At low level Fusion of different 

motion cues has the advantage of compensation between 
background and temporal differences, and at high level gives 

semantic-level identification of detected objects.[2] When 

performing a trajectory-based estimation and body-based 

detection, we can track moving persons and classify different 

human postures. it can be done in three steps as further. First 

step is multi person detection, whose purpose is to extract 

number of persons appearing in the scene. We are using a 

pixel-based background subtraction, where the scene model 

has a probability density function for each pixel separately. 

After this, next step is to calculate correct values for the 

variances of the pixel intensity levels from the image, as  

they (variances) can vary from pixel to pixel. Second step is 
to track the detected person.for tracking a moving person 

here they used mean-shift algorithm, which is based on 

colour histogram. if a person enters the corresponding scene 

then with the help of mean-shift algorithm we can calculate 

respective colour histogram. Due to this, if person is moving 

then in each frame position is changing, so trajectory is also 

changing. As we get trajectory then we can start body based 

analysis. Last step is posture classification, to get precise 

detection in scene when multi-person detection and tracking 

is required.[3] Afterwards in system event based analysis is 

done. It is multi person event analysis. The event analysis is 
achieved by understanding the interactions between people 

involved in the scene. This semantic analysis is thus 

responsible for the human activity recognition. Next concept 

they used is camera calibration and mapping. Here they 

constructed 3D images after mapping process, This 3-D 

scene reconstruction is useful for scene understanding.[4] 

 

2.2 BACKGROUND SUBSTRACTION 

To extract moving object from image sequences background 

subtraction method is used. Generally in background 
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subtraction method, standard intensities of required images 

are compared with reference images. The standard intensity 

can be expressed as multiplication of illumination and 

reflectance. The logarithmic intensity is addition of 
logarithmic illumination and logarithmic reflectance, which 

are easier to be separated than standard intensities. 

Background subtraction by using  logarithmic intensities is 

better than standard intensity on further factors- It can 

produce difference images with better quality, and threshold 

selection is less critical.[5]  While doing motion analysis then 

basic building block is background modeling and subtraction. 

The core idea of such method is generating a probabilistic 

representation of the static scene that is compared with the 

current input to perform subtraction. Here main focus is on 

dynamic background due to this static background is not 

valid. to detect events, a comparison between the prediction 
and the actual frame. These types of changes in the signal 

may occurred while detection: “structural” change in the 

appearance of pixel intensities in a given region, and change 

in the motion characteristics of the signal.[6] 

 

2.3 OBJECT DETECTION 

Background subtraction is widely used for moving object 

detection.  Main theme of background subtraction is how to 

correctly and efficiently model and update the background 

model and how to deal with shadows are two of the most 

distinguishing and challenging aspects of these approaches. 
The approach used here named as  Sakbot (Statistical And 

Knowledge-Based Object detection) as it exploits statistics 

and knowledge of the segmented objects to improve both 

background modeling and moving object detection. Pixels 

belonging to moving objects, ghosts, and shadows are 

processed differently in order to produce an object-based 

selective update.[7] In video surveillance system, main goal 

is  detection of stationary foreground objects within a 

dynamic scene. A parametric background updating and 

maintenance 

scheme, based on a multiple Gaussian mixture model is used.  
Each colour block in this model is assigned a weight which 

measures the time duration and temporal recurrence 

frequency of the block. An adaptive histogram template is 

used to handle Sudden illumination changes whereas 

adaptive background model is used to resolve gradual 

illumination changes. By maintaining their temporal history 

in the dynamic scene at multiple time scales stationary 

foreground objects are detected.[8] Objects detection 

algorithm and Its Evaluation on PETS datasets allows the 

extraction of foreground objects and the classification of 

static foreground regions as abandoned objects (ghosts). A 

background model continuously adapted by the moving 
regions in the scene are detected by subtracting to the current 

frame. Then, to extract the real shape of detected objects a 

shadow removing algorithm is used. Finally, by matching the 

boundaries of static foreground regions moving objects are 

classified as abandoned or unattended.[9] 

 

2.4 VIDEO DENOISING 

Nowadays digital cameras which is used to capture images 

and videos are storing it directly in digital form. But this 

digital data ie. images or videos are corrupted by various 

types of noises. It may cause due to some disturbances or 

may be impulse noise. To suppress noise and improve the 
image performances we use image processing schemes. In 

this paper they uses Kalman filter to remove the impulse 

noise. The Kalman filter is digital signal processing based 

filter. It estimates three states past, present and future of a 

system.[10] To remove noise from video sequences they  

utilize both temporal and spatial information. In the temporal 

domain, by collecting neighbouring frames based on 

similarities of all images, to remove noise from a video 

tracking sequence they given a low-rank matrix recovery 

phenomena. [11] 

 

III. METHODOLOGY ADOPTED 
3.1 Wavelength De-noising 

3.2 Bilateral De-noising 

 

3.1 WAVELENGTH DENOISING 

Basically a wavelet is small wave, which has its energy 

concentrated in time to give a tool for the analysis time 

varying phenomena. It is easier to remove noise from a 

contaminated 1D or 2D data using these algorithms to 

eliminate the small coefficient associated to the noise. In 

many signals, mostly concentration of energy is in a small 

number of dimensions and the coefficients of these 
dimensions are relatively large compared to other 

dimensions (noise) that has its energy spread over a large 

number of coefficients. In wavelet thresholding ,to preserve 

important information of the original signal, each coefficient 

is thresholded by comparing against a threshold to eliminate 

noise. Generally two types of thresholding techniques are 

used: 

1) Hard thresholding: Hard threshold is a “keep or kill” 

procedure 

2) Soft thresholding: Soft thresholding shrinks coefficients 

above the threshold in absolute value. 
Procedure of Wavelet Thresholding: 

First we have to calculate wavelet coefficient matrix w by 

applying a wavelet transform W to the data: 

w = Wg = Wf + Wn 

Thresholding the wavelet coefficients to obtain the estimate 

of the wavelet coefficients of 

X=w--> X 

Inverse transform the modified coefficients to obtain the 

denoised estimate. 

f=w^(-1) X 

 

3.2 BILATERAL DENOISING 
It is an alternative to wavelet thresholding for image 

denoising. It uses spatial weighted averaging without 

smoothing edges. It can be achieved by combining two 

Gaussian filters; one filter works in spatial domain and other 

filter works in intensity domain. Hence, the spatial distance 

as well as the intensity distance is important for the 

determination of weights. In these filters, first is a of the 

pixel intensity values in a local neighbourhood with 
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decreasing weights for pixels at larger distances. The second 

is low pass filter, except the weights for the neighbouring 

depend on the difference between the intensity value of the 

neighbour pixels and the intensity value of the center pixel 
one instead of geometric distances. Therefore larger the pixel 

value difference, smaller the pixels contribution during 

averaging. 

 

IV. CONCLUSION AND RESULT 

Performances Of Video1                                                                                      

 
1. Input video sequences 

 
2. Noisy Video 

 
3. Object Detected After noise removal 

 

Performances of Video 2 

 
4. Input video sequences 

 
5.  Kept bag and leaving the place 

 
6. Object Detected After noise removal 

 

Comparison Of PSNR Values  

 
* We referred Kalman Filter Value [10] 

 

 
* We referred Kalman Filter Value [10] 
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Aim here is to detect object in video sequence. Two scenarios 
can be taken into consideration. first scenario explains, 

person with bag enters and leaves a bag at someplace. In 

another scenario, a person with bag enters and leaves a bag at 

some place for some time and sequentially comes back in 

video. In both scenarios, delta between updated background 

and foreground can be calculated frame by frame, due to 

which object gets detected. Here Salt & Pepper noise is 

introduced in video. By varying noise density PSNR value 

can be calculated for each frame. Kalman Filter is being used 

in previous research for de-noising purpose. As observation 

tables and graphs revels that both of these methods are more 

efficient than kalman filtering. But due to fractional changes 
in PSNR we would like to state that Wavelet de-noising 

technique having an edge over bilateral technique.  

 

         REFERENCES 

[1] Unattended Object Intelligent Analyzer for 

Consumer Video Surveillance Thi Thi Zin, Member, 

IEEE, Pyke Tin, Hiromitsu Hama, Member, IEEE, 

and Takashi Toriu, Member, IEEE 

[2] L. Li and M. K. H. Leung, “Fusion of two different 

motion cues for intelligent video surveillance,” 

Electrical and Electronic Technology, TENCON 
[3] Automatic Surveillance Analyzer using trajectory 

and Body-based Modeling Weilun Lao, Jungong 

Han and Peter H.N. de With  Eindhoven University 

of Technology, Eindhoven Cyclomedia Technology. 

[4] "Automatic Video-Based Human Motion Analyzer 

for Consumer Surveillance System" Weilun Lao, 

Jungong Han, and Peter H.N. de With, Fellow, 

IEEE. 

[5] Q-Z. Wu and B-S. Jeng, “Background subtraction 

based on logarithmic intensities,” Patter Recognition 

Letters, vol. 23, no. 13, pp. 1529-1536, Nov. 2002. 

[6] A. Monnet, A. Mittal, N. Paragios, and V. Ramesh, 
“Background Modeling and Subtraction of Dynamic 

Scenes,” Proc. of IEEE Int. Conf. on Computer 

Vision (ICCV), Nice, France, pp. 1305-1312, Oct. 

2003 

[7] R. Cucchiara, C. Grana, M. Piccardi, A. Prati, 

“Detecting Moving Objects, Ghosts, and Shadows 
in Video Streams,” IEEE Trans. on Pattern Analysis 

and Machine Intelligence, vol. 25, no. 10, pp. 1337-

1342, Oct. 2003. 

[8] J. Connell, A.W. Senior, A. Hampapur, Y.-L. Tian, 

L. Brown, and S. Pankanti, “Detection and Tracking 

in the IBM People Vision System,” IEEE Intl. Conf. 

on Multimedia-Expo. (ICME04), Jun. 2004. 

[9] "Detection and Tracking in the IBM PeopleVision 

System"_J. Connell, A.W. Senior, A. Hampapur, 

Y.-L. Tian, L. Brown, S. PankantiyIBM T. J. 

Watson Res'earch Center. 

[10] "Kalman Filtering Technique for Video Denoising 
Method"  Lakshmanan.S Mythili.C V. Kavitha. 

PG.Scholar Asst.Professor (ECE Dept ) Director 

University College of Engineering , Nagercoil. 

[11] "Salt and pepper noise removal in surveillance 

video based on low-rank matrix recovery" Yongxia 

Zhang1, Yi Liu., Xuemei Li, and Caiming Zhang. 

 

 



IJARCCE 
 ISSN (Online) 2278-1021 

ISSN (Print) 2319 5940 

 
International Journal of Advanced Research in Computer and Communication Engineering 
Vol. 5, Issue 4, April 2016 
 

Copyright to IJARCCE                                                 DOI 10.17148/IJARCCE.2016.54220                                            899 

Review Paper on Object Analyzer and its 

Application 
 

Mr. Bagade Pratik Ramkrishna
1
, Prof. S.N. Jain

2
 

PG Student, Electronics Department, SSVPS College Of Engineering, Dhule, India 1 

Associate Professor, Electronics Department, SSVPS College Of Engineering, Dhule, India 2 

 

Abstract: Background minimization methods are largely oppressed for to detect moving commodity in videos in many 

applications, such as traffic auditing, human behaviour catching, and video surveillance. This yields a stable, real-time 
outdoor sleuth that reliably pact with lighting differences, monotonous motions from clutter, and long-term scene 

changes. This new background maintenance technique makes the system to be able to work under varying 

environments. The large effective depository limit using coagulated video bulges to the essence of fast storage and 

retrieval functions, to enable quick user-friendly probing for an avenue to peculiar parts of the video data.  

 

Keywords: consumer video surveillance, intelligent analyzer, unattended object, multiple background model. 

 

I. INTRODUCTION 

 

Background minimization forms a vital element in several 

of those applications. The central plan behind this module 

is to utilize the visual properties of the scene for 
constructing associate degree applicable illustration that 

may then be utilised for the classification of a replacement 

observation as foreground or background. The knowledge 

provided by such a module will then be thought-about as a 

valuable low level visual cue to perform high-level object 

analysis tasks like object detection, tracking, classification 

and event analysis.  
 

During this paper, background subtraction supported 

power intensities is projected. Experimental results show 

that background subtraction supported power intensities is 

superior to ancient background subtraction in 

manufacturing distinction pictures with higher quality. 

Additionally, the brink choice is a smaller amount 

essential with the projected background subtraction theme. 

Besides the effectiveness of background subtraction, 

victimisation some effective learning algorithms to supply 

mechanisms of adaptive background and dynamic 
thresholding also are necessary for moving object 

detection and image segmentation. During this paper, we 

tend to concentrate on proposing a replacement and 

performance-improved background subtraction technique 

for moving object detection and image segmentation 

supported power intensities. 
 

In these applications, strong chase of objects within the 

scene involves a reliable and effective moving object 

detection that ought to be characterised by some necessary 

features: high preciseness, with the 2 meanings of 

accuracy in form detection and reactivity to changes in 

time; flexibility in several eventualities (indoor, outdoor) 

or totally different lightweight conditions; and potency, so 

as for detection to be provided in period. Specially, 

whereas the quick execution and adaptability in several 
eventualities ought to be thought-about basic necessities to 

be met, preciseness is another necessary goal. In fact, a  

 

 

particular moving object detection makes chase additional 

reliable (the same object is known additional dependably 

from frame to border if its form and position are 
accurately detected) and quicker (multiple hypotheses on 

the object’s identity throughout time is cropped additional 

rapidly). In addition, if object classification is needed by 

the applying, precise detection considerably supports 

correct classification. within the police work domain we 

tend to apply them within the construction of a sensible 

police work Index that describes the activity during a 

scene and might be accustomed derive real time alerts or 

to go looking for events in several hours of recorded 

video.  

 
Fig: Video Observation Process 

 

The system is intended to alter abundant of the task of 

looking at banks of video monitors, business the eye of an 

individual's operator to interesting occurrences that occur 

seldom in streams of hypnotic, uneventful video. In some 

eventualities detection of moving objects is spare for the 

raising of Associate in Nursing alarm, however in busier 

areas wherever there's constant benign motion, following 

is needed to follow the actions of every individual. These 

tracks will then be accustomed discover a larger sort of 

interesting" behaviour. Associate in nursing adjective 
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background model can eventually cause the stationary 

foreground object to merge into the background image. 

The time-to-merge depends on the temporal scale of 

adaptation of the background model. Once a stationary 

foreground object is united with the background image, it's 

not detectable within the foreground via background 

subtraction. During this paper, stationary foreground 

objects within the dynamic scene area unit detected by 

having the background model adapt to scene changes at 

multiple temporal scales. Explosive illumination changes 

area unit handled by exploitation Associate in nursing 
adjective bar chart model whereas gradual illumination 

changes area unit mechanically resolved with the adjective 

background model. In contrast to existing proposals solely 

estimating the flight, we tend to arrange to additional 

analyse the individual posture and model the multi-person 

interaction. The target is to attain event-based linguistics 

analysis, exploiting interaction modelling. The linguistics 

event (i.e. the bank robbery) is inferred and therefore the 

alarm is triggered. detector achieves close to time period 

speed with promising results. Hence, correct detection and 

recognition of assorted human postures contribute to the 
scene understanding. moreover, there's a relentless pursuit 

of simpler and economical management of human-motion 

analysis results, that allows fast retrieval of video 

sequences, containing special behaviour like a felony 

and/or falling incidents of old individuals. This presumes 

the creation of a video info which might classify police 

work video, supported the linguistics analysis of the 

human motion. 

 

II. VARIOUS TECHNIQUES USED IN VIDEO 

OBESERVATION 

 
2.1 Automatic Formation of Human Motion also 

Improving Behaviour Of Ancient Reactive Protocol. 

2.2 Inclination And Hierarchical Classification of co-

occurance Data with the help of Sequence Detection.  

2.3 Detection of Background and Foreground. Including 

Object Detection in at Pre-Processing level. 

2.4 To Detect the Change In Foreground Mask, with the 

help of Low, Mid High Level Multimedia Detection. 

2.5 Video Detector Design in Video Survellience, 

additionally technique does Multi-Person Detection 

2.6 Background generation in FPGA devices and 
segmentation and tracking of multiple body parts in a 

bottom-up fashion. 

 

2.1 Automatic Formation of Human Motion also 

Improving Behaviour Of Ancient Reactive Protocol. 
Unattended Object Intelligent Analyzer for Consumer 

Video Surveillance [1] This technique is employed for 

human motion reconstruction that probably provide 

automatic format. In unstructured outside scenes 

surveillance applications have supposed analysis advances 

towards reliable following of multiple individuals. for 

human movement from video vital progress has been 
created towards the goal of automatic reconstruction. with 

random sampling techniques Progress has in addition been 

created towards human motion capture from single views. 

On individual frames A recent trend to beat limitations of 

monocular following in video of unstructured scenes has 

been direct produce detection. To advance surveillance 

applications towards automatic detection of peculiar 

activities sizeable steps are created. Collaborative 

Occupancy Reasoning in Visual Sensor Network  for 

Scalable Smart Video Surveillance [2] From the state of 

the art This Technique tend to propose a significant 

departure of information over the device network to boost 

the routing.   to  Improve  the  behaviour  of ancient 

reactive protocols Awareness of “collateral network 
information” (e.g., location of routers and destinations,  

time,  and channel characteristics) is employed  in many 

ways that, to decision a few: consistent with the position 

of the destination and additionally the characteristics of 

the  links  reducing “guard bands” of channels, 

exploitation long-range or short-range links, to preserve 

power, location routers to structure a network  modifying  

the  frequency  of management information exchange, 

routing information to where a destination is  expected  to  

arrive,  and at certain transmission powers predicting  the 

 presence  of  new neighbours. For network-level protocols 
that support QoS and are location aware, time aware, 

multichannel aware, platform aware, service aware, and 

topology aware we are investigation the look of a 

replacement class. 

 

2.2 Inclination And Hierarchical Classification of co-

occurance Data with the help of Sequence Detection. 

Learning Patterns of Activity Using Real-Time Tracking 

Chris Stauffer [3] This technique has been used on grey 

scale, RGB, HSV, and native linear  filter  responses.  But, 

this system should  be  capable  of modelling  any  

streamed  input offer in this   assumptions and heuristics 
are sometimes valid. with frame-rate stereo, IR cameras, 

and further as depth as a fourth channel (R,G,B,D).  

Depth  is associate  example where  multimodal  

distributions are useful as a results of, whereas due  to  

false  correspondences difference  estimates are clattery, 

among the background  those clattery  values are often 

relatively predictable once they result from false 

correspondences. on  the  entire  set  of representations 

acquired  by  the tracker, this technique involves 

developing a codebook of representations mistreatment 

associate  on-line  Vector quantisation  (VQ)  .  Second, in 
each sequence as associate equivalency multiset  a bent to 

accumulate joint co-occurrence statistics over the 

codebook by treating the set of representations. Finally, an 

inclination to perform hierarchal classification 

mistreatment only the accumulated co-occurrence data. 

Detection of Temporarily Static Regions by Processing 

Video at Different Frame Rates [4]To test the planned 

methodology, it tend to used several public datasets from 

PETS 2006, i-LIDS, and Advanced Technology Centre, 

Amagasaki. the total sort of tested sequences were thirty 

within the whole totally different resolutions the data is 

confined. to underground train stationst the things ranged 
from lunch rooms. half these sequences depict scenes that 

are not huddled. With multiple people sitting, standing, 

walking, etc different sequences have extra advanced 
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things. There are sequences that have place vehicles. 

people walk at variable speeds in all sequences. For varied 

durations The abandoned things are left; from 10 seconds 

to a try of minutes. Most sequences contain very little 

abandoned things. Some sequences have multiple 

abandoned things. 

 

2.3 Detection of Background and Foreground. 

Including Object Detection in at Pre-Processing level. 

Motion-Based Background Subtraction using Adaptive 

Kernel Density Estimation [5]For  the  purpose  of  
background foreground differentiation and alter detection, 

a method for the modelling of  dynamic  scenes. as  a  

feature for modification detection this technique depends 

on  the  utilization  of  optical  flow. among the choices 

thus on properly utilize the uncertainties, within the take a 

glance at  and sample measurements an inclination to 

projected a very distinctive kernel-based variable density 

estimation technique that adapts the bandwidth according 

the uncertainties. during a flat space we are work the 

analysis of correlation that will exist between the whole 

totally different choices. in addition to be investigated in  
the  use  of different choices like edges. Automatic Video-

Based Human Motion Analyzer  for Consumer 

Surveillance System  [6]In this technique the background 

modelling and  object detection are implemented in Pre-

processing level. To extract the `blobs' representing 

foreground  objects each image among  the video covering 

a private physical body is divided. to supply the human 

silhouette These detected blobs are refined afterwards. It 

performs trajectory estimation and posture classification in 

Object-based level. for every moving  person, a bent to 

initial track. Afterwards, to classify completely different 

posture varieties a shape-based analysis is conducted. To 
infer a multiple-person event Event-based level-Interaction 

relationships are modelled. For the act recognition This 

linguistics analysis is in charge. to look at the scene for 

extra analysis With the aim of 2D-3D mapping calibration, 

the 3D scene reconstruction are going to be conducted in 

visualization level. 

 

2.4 To Detect the Change In Foreground Mask, with 

the help of Low, Mid High Level Multimedia 

Detection. 

A Multiscale Parametric Background Model for Stationary 
Foreground Object Detection [7]The basic comparison 

utility is comprised of three parts. The pre-processing 

stages (green boxes) plan to comp ensate for camera and 

channel effects. to the incoming video stream, that 

improves color stability and reduces sparkle artifacts from 

compression  a spatially-variant temp oral smoothing is 

first applied on it. as a result of the shut lighting and scene 

composition changes the system then estimates and 

corrects for AGC (automatic gain control) and AWB (auto 

white balance) shifts induced by the camera. From 

variations in color, texture, and motion weighted by 

overall channel noise estimates the core engine (yel-1 low 
boxes) can the essential comparison and combines proof. 

For over-aggressive shadow removal the utilization of 

multiple modalities improves the detection of objects in 

littered environments and mitigates the commonly harmful 

effects. Finally, to come back up with a cleaner foreground 

mask the following prominence map is subjected topmost-

processing (purple boxes). mistreatment morphology-like 

operators The prominence map is threshold, smoothened, 

then eliminates the little holes and blobs. Real-Time Video 

Content Analysis Tool for Consumer Media  Storage 

System [8] Multimodal integration framework to section, 

analyze, characterize, and classify segments this 3 layers 

are employees within the archiving module. From the 

audio the multimodal segmentation and categorisation 
incorporates a Bayesian framework that integrates data, 

visual, and transcript (closed-caption) domains. To 

technique low-, mid-, and high-level multimedia system 

information this framework uses this 3 layers. To deliver 

each full programs and video segments the retrieval 

module depends on users’ personal preferences. 

Additionally for guide data and a user profile is to 

exploitation electronic program, at intervals a program 

Scout lets users request specific topics. As associate 

example, the u.  s. President speaking from a half-hour 

program users will request for that video clip. The high-
level layer generates linguistics information regarding 

television show topics used throughout retrieval. 

 

2.5 Video Detector Design in Video Survellience, 

additionally technique does Multi-Person Detection. 

An Abandoned/Removed Objects Detection Algorithm 

and Its Evaluation on  PETS Datasets [9]With associate 

ARM966E 16/32-bit reduced instruction set computing, 

ninety six rate operational frequency, ninety six kb SRAM 

and several other interfaces This technique present a video 

detector design designed for low-power and inexpensive 

video surveillance targeted around a STR912F from ST-
Microelectronics equipped. For low-power architectures 

strained by restricted procedure capabilities it tend to 

implemented associate formula for detection abandoned 

and removed objects among the scene that's optimized. For 

such architectures defined by little out there memory is 

potency and temporal arrangement performance is that the 

main constraints once developing algorithms. additional 

over optimizations got to be implemented taking into 

thought that a floating point unit is inaccessible. 

However,for multi-modal ARM-based approach 

experimental results demonstrate the quality. moreover it 
tend to research completely different configurations and in 

terms of runtime execution and power consumption 

characterize the system, with floating purpose 

implementations on personal computers comparing the 

results of efficiency. Automatic Surveillance Analyzer 

Using Trajectory and  Body-based Modeling [10] The first 

step of our system  is multi-person detection, with the 

purpose to extract persons appearing in the scene. We 

assume that the camera is stationary and the lighting 

condition is fixed. Firstly, we perform a pixel-based 

background subtraction, where the scene model has a 

probability density function for each pixel separately. A 
pixel from a new image is considered to be a background 

pixel if its new value is well described by its density 

function. After the background modeling, the next step is 
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to e.g. estimate appropriate values for the variances of the 

pixel intensity. The Gaussian Mixture Model (GMM) is 

employed for the background subtraction. We apply the 

algorithm  to produce the foreground objects using a 

Gaussian-mixture probability density with removal of 

shadows. The parameters for each Gaussian distribution 

are updated in a recursive way. Furthermore, the method 

can efficiently select the appropriate number of Gaussian 

distributions during pixel processing, so as to fully adapt 

to the observed scene. 

 

2.6 Background generation in FPGA devices moreover 

segmentation and tracking of multiple body parts in a 

bottom-up fashion. 

Real-time implementation of moving object detection in 

video survelliance systems using FPGA,[11] to offload the 

computer’s CPU , implementation of the background 

generation rule in FPGA resources permits, to implement 

more stages of a complicated video closed-circuit 

television (object trailing, object classification, analysis of 

behaviour, etc.), that computational power is used or 

produce a sensible camera system during which the 
detection of moving objects are worn out the camera, and 

therefore the results are used, as an example, in intelligent 

compression. additionally, to position operations related to 

change the model, within the case of multimodal strategies 

of background generation the design of the FPGA permits. 

Simultaneous tracking of multiple body parts of 

interacting persons[12], to present a technique, for 

segmentation and trailing of multiple body components 

during a bottom-up fashion is that the objective of this 

paper is within the sense that individual pixels are 

classified into consistent blobs the strategy could be a 

bottom-up approach and so into body components. The 
tracks of the consistent blobs are automatically generated 

and across the video sequence, multiple tracks are 

maintained. at the high-level process stage, Domain-

knowledge regarding the human body is introduced. 

 

III. APPLICATIONS 

 

Surveillance applications: where an oversized range of 

individuals go through like airports and subways cowl a 

number of the additional classical varieties of issues 

associated with automatically observation and 
understanding locations. 

 

Control applications: to control one thing, wherever the 

calculable motion or cause parameters are used. this might 

be interfaces to games, virtual reality or additional 

generally: Human–Computer Interfaces. 

 

Analysis applications: for orthopedical patients or 

associatealysis like automatic diagnostics and 

improvement of an athletes’ performances. Newer 

applications are annotation of video moreover as  for 

compact information storage content-based retrieval and 
compression of video or economical information 

transmission, e.g., for video conferences and 

categorization. 

IV. RECENT TRENDS 

 

Elevation in image processing[13] in image process 

technologies currently with the regular improvement, for 

consumer's applications video camera surveillance is 

rising. The new technology for detecting unassociated 

object in consumer world like railway stations, looking 

malls, crowded  space and airports has resulted in 

development, and has won the international awards. 

 

Amendment in Object Detection[14] in crowded  
environments the object detection methodology works 

amazingly well and will handle with illustration changes. 

in calibre videos, It also can observe the very little 

abandoned objects contained. because of its simplicity the 

process effort is unbroken low and no coaching steps are 

needed. Finally, by employing a straightforward rule- 

primarily based rule it will discriminate effectively 

between  abandoned or still person. in huge public 

transportation areas The dependability of the planned 

framework is shown by the experimental tests performed. 

 
Visual Flood Monitoring[15] recently, for flooding and 

inundation monitoring has become very important for 

flood disaster prevention the mixing of flood observation 

systems and image process techniques. during this 

technique for close to real-time flood overflow detection a 

visible flood monitoring system and flood  risk analysis 

using remote surveillance videos. for fast flood monitoring 

and warning The planned system are often used as a cyber 

surveillance tool. 

 

V. CONCLUSION 

 
Synthesis of various agitation inkling at low level has the 

benefit of rectification between background and secular 

variations, and at high level provides semantic-level 

identification of detected commodity. The background 

maintenance on each constituent and area levels treats the 

unexpected variations and slow variations within the 

background on an individual basis. This makes the 

background maintenance sturdy to varied styles of 

background variation. Foreground constituent grouping 

when commodity detection will get a higher segmentation 

of objects. The detection of events was either related to a 
non-acceptable warning rate or the detection was 

compromised once focus was given to reducing the 

warning rate. Forged shadows square measure detected 

and off from the background update operate, therefore 

preventing unwanted corruption of the background model. 

The approach has been established quick, flexible, and 

precise in terms of each form accuracy and reactivity to 

background variations. 
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Abstract 

 
Providing security against the intruder is a challenging task in MANET due to unfixed topology, and lack of centralized 

control. Therefore it is crucial to develop suitable intrusion detection scheme (IDS) to protect MANET from malicious 

attackers. Most of the current Intrusion Detection Systems (IDSs) for MANETS rely on the Watchdog technique. To 

prevent the adversaries from forging the acknowledgement packets and to solve the issues regarding receiver collision, 

limited transmission power and false misbehavior problem of watchdog scheme a new Intrusion-detection system named  

modified Enhanced Adaptive ACKnowledgment (EAACK)  using Elliptical curve cryptographic Algorithm (ECDSA) 

specially designed for MANETs. Compared to contemporary approaches, EAACK demonstrates higher Malicious 

Behavior Detection rates in certain circumstances while does not greatly affect the network performances. 

Keywords: Enhanced Adaptive ACKnowledgment (EAACK), Mobile Adhoc NETwork (MANET), Elliptic Curve 

Digital Signature  Algorithm (ECDSA) 

 
1. Introduction 

 
In the recent years Mobile Ad-hoc Network (MANET) is emerging as a very popular technology in the 

wireless network due to its dynamic topology and its infrastructure less architecture as well as reduced cost 

with improved technology, Given this description, we find some limiting characteristics that make the Ad-Hoc 

wireless networks, very vulnerable to intruders and attacks that can damage the integrity of the network. 

Providing security against the intruder is a challenging task in MANET. Therefore it is crucial to develop 

suitable intrusion detection scheme (IDS) to protect MANET from malicious attackers. [1] The purpose of this 

project is to provide security along with identification of false misbehaving. Elliptic Curve Cryptography 

(ECC) algorithm is used to provide security to the data that is sent between the nodes. 

  

 

2. Background 

 
In this section, we primarily describe existing IDS approaches, namely, Watchdog [2], TWOACK [3], and 

adaptive ACKnowledgment (AACK) [4] and Enhanced Adaptive ACKnowledgment (EAACK) [6] And 

MANET’s Security constraint with the use of Digital signature 

 
A. Existing IDS for MANET 

 

2.1 Watchdog – It aims to improve the throughput of network with the presence of malicious nodes. [2] 

Watchdog fails to detect malicious misbehaviors with the presence of 1) ambiguous collision;            
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2) receiver collision; 3) limited transmission power; 4) false misbehaving report; 5) collusion and 6) 

partial dropping. 

2.2 TWOACK- Used to resolve receiver collision and limited transmission power of watchdog. 

TWOACK detects misbehaving links by acknowledging every data packet transmitted over every 

three consecutive nodes along the path from the source to the destination. [3] TWOACK is required to 

work on routing protocols such as Dynamic Source Routing (DSR) [5]. 

2.3 AACK- It is a combination of TWOACK [4] and end-to-end ACKnowledgement (ACK) scheme. It 

reduce network overhead. 

2.4 EAACK- Used to detect misbehavior in the network. It is a combination of ACK, Secure ACK 

(SACK) and Misbehavior Report Authentication (MRA). [6] 

ACK- It is a end-to-end acknowledgement scheme used to reduce network overhead when no network 

misbehaviour is detected. 

S-ACK- It is a version of TWOACK. It is used to detect misbehaving node in presence of receiver 

collision and limited transmission power [6]. 

MRA- MRA is used to detect misbehaving node with presence of false misbehaviour report. False 

misbehaviour report can be generated by malicious attacker to falsely report innocent node as 

malicious.  

 

B. Digital Signature 

 
Digital signature may be a wide adopted approach to confirm the authentication, integrity, and nonrepudiation 

of MANETs. [7][8] the message is send to the hash function hash function is processed and then it sent to the 

message digest, the message digest is used to check the message whether the message is valid or not. And then 

it sent to the signature function, to verify the signature by applying public key or private key by using 

generalized as an information string. [9] 

 

3. Problem Definition 

 
TWOACK and AACK solve two of these three weaknesses, namely, receiver collision and limited 

transmission power. However, both of them are vulnerable to the false misbehaviour attack. In this proposed 

approach EAACK is designed to tackle three of the six weaknesses of Watchdog scheme, namely, limited 

transmission power, and receiver collision, false misbehaviour. We know the fact that more malicious nodes 

require more acknowledgment packets, thus increasing the ratio of digital signature in the whole network 

overhead. Many of the existing IDSs in MANETs adopt an acknowledgment based scheme, including 

EAACK. The functions of such detection scheme largely depend on the acknowledgment packets. Hence, it is 

guarantee that the acknowledgment packets are valid and authentic by using digital signature. Here, our goal is 

to propose an IDS specially designed for MANETs, which solves overhead caused by digital signature but also 

improve the security in system. 

 

4.  Proposed System Model 

 
We propose a strong and light-weight enhanced Intrusion detection mechanism called EAACK protocol using 

ECDSA Algorithm which requires less cost, low power. EAACK is consists of three major parts called: ACK, 

S-ACK and MRA. ACK is basically an end-to-end acknowledgment scheme. It acts as a part of the hybrid 

scheme in EAACK, aiming to reduce network overhead when no network misbehaviour is detected. According 

to this method, Refer Fig-1, if the receiver node does not send the ACK within predefined period, then ACK 

assumes malicious may present and switch to SACK part to detect them. In S-ACK part, for every three 

consecutive nodes in the route, the third node is required to send an S-ACK acknowledgment packet to the first 

node. The intention of introducing S-ACK mode is to detect misbehaving nodes in the presence of receiver 

collision or limited transmission power. If malicious found, then MRA part suggests alternate path to the 

destination. Unlike the TWOACK scheme, where the source node immediately trusts the misbehaviour report, 

EAACK requires the source node to switch to MRA node and confirm this misbehaviour report. This is a vital 

step to detect false misbehaviour report in our proposed scheme.  
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While (True) Do 

Read Data Packet; 

Process it; 

If  (node is destination node) Then 

 Send SAck packet to previous node 

 Else 

      Start timer for PckID and wait for Sack packet to be  received 

      If (SAck packet received in time) 

            If  (PckID in SAck in list) 

  Remove PckID and its timer from list 

  Send SAck to previous node 

            End 

      Else 

Send PckID Data Packet to all neighbours and start timer and wait. 

Receive acknowledgement from neighbour 

            If  (SAck packet is from next node) 

 Remove PckID and its timer from list 

 Send Sack to previous node 

            Else 

 Report next node as malicious node 

End While 
 

To initiate the MRA mode, the source node first searches its local knowledge base and seeks for an alternative 

route to the destination node. If there is no other that exists, the source node starts a routing request to find 

another route. Due to the nature of MANETs, it is common to find out multiple routes between two nodes. 

When the destination node receives an MRA packet, it searches its local knowledge base and compares if the 

reported packet was received, and then it is safe to conclude that this is a false misbehavior report and whoever 

generated this report is marked as malicious. Instead of RSA, Improved Cryptographic technique or Improved 

ECC is going to use. It ensures the secure communication of data packets in the network.  

 

 
 

Fig-1 System Flow Diagram 
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5. Performance Evaluation 

 
A. Methodology 

 
Enhanced adaptive acknowledgement (EAACK) is an acknowledgement based intrusion detection system; in 

order to ensure all acknowledgement packets is authentic. They use digital signature algorithm (DSA) to sign 

the acknowledgement packets, digital signature algorithm (DSA) involves more routing overhead and energy 

consumption, Adopting hybrid cryptography techniques. To further reduce the network overhead caused by 

digital Signature without compromising its security. Here we proposes ECDSA instead of DSA to ensure that 

all acknowledgment packets in EAACK are authentic and untainted. ECDSA stands for “Elliptic Curve Digital 

Signature Algorithm”, it’s used to create a digital signature of data (a file for example) in order to allow you to 

verify its authenticity without compromising its security. [14] 

ELLIPTICAL CURVE DISCRETE LOGARITHM PROBLEM (ECDLP) : The strength of the Elliptic Curve 

Cryptography lies in the Elliptic Curve Discrete Log Problem (ECDLP). The statement of ECDLP is as 

follows. Let E be an elliptic curve and P belongs to E be a point of order n. Given a point Q belongs to E with 

Q = mP, for a certain m belongs to {2, 3, ……, m – 2}. Find the m for which the above equation holds. When 

E and P are properly chosen, the ECDLP is thought to be infeasible. Note that m = 0, 1 and m – 1, Q takes the 

values O, P and – P. One of the conditions is that the order of P i.e. n be large so that it is infeasible to check all 

the possibilities of m. [15][16] 

 

B. Simulation Configurations 

 
In this paper we concentrate on describing the simulation environment and the system of methods followed in a 

particular discipline as well as comparing performances through simulation result comparison with EAACK 

schemes. Our simulation is conducted in machine which has java with version JDK 1.6 and above. We used 

NetBeans IDE 7.4 version with minimum 256 MB RAM the coding has been done to simulate the concept 

which has been discussed the ECC algorithm which is providing high security while packet are send through 

the network from node to node. 

 

C. Experimental Results 

 
The Fig.2, 3 & 4 given is the results of our simulation showing EAACK packet mode. 

 
Fig.2 table showing communication details between source and destination nodes in EAACK Secure ids 
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Encrypted message and Decrypted message is a function of key size and data size for both DSA/RSA and 

ECC. ECC key size is relatively smaller than DSA/RSA key size, thus encrypted message and Decrypted 

message in ECC is smaller as shown in Fig.5 & Fig.6. These results provide high quality in data delivery with 

high Security provided by ECC.   

    
 

Fig.3 EAACK Secure ids n/w showing path tracing from Source   Fig.4 EAACK Secure ids Packet  Mode 

node (4) to destination node (10) for message 15 from fig.9 

 

 

  

 

Fig.5 EAACK-DSA VS ECDSA Encryption Time          Fig.6 EAACK-DSA VS ECDSA Decryption Time 

 

6. CONCLUSION AND FUTURE WORK  

 
In this paper the main focus has been laid on comparative study of EAACK approach and its limitation with 

EAACK protocol using ECC. Here we have study the behaviour of EAACK technique. The algorithm is 

designed to resolve the weakness of Watchdog when it fails to detect misbehaving nodes with the presence of 
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false misbehaviour report and to authenticate whether the destination node has received the reported missing 

packet through a different route and to achieve this we have to focus on the comparative study of ACK, SACK 

& MRA scheme. To extend the deserves of our analysis work, we plan to Investigate the subsequent problems 

in our future research: 

1) Potentialities of adopting hybrid cryptography techniques to additional cut back the network overhead 

caused by digital signature;  

2) examine the chances of adopting a key exchange mechanism to eliminate the necessity of redistributed keys;  

3) Testing the performance of EAACK in real network environment rather than software code simulation. 
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ABSTRACT 
The Object recognition is the task of finding and labeling 

parts of a two-dimensional (2D) image of a scene that 

correspond to objects in the scene. In this paper, we have 

proposed an efficient approach using level set method for 

extracting object shape contour and convex hull as a shape 

invariant features to the Feed forward Neural Network 

classifier for object recognition. We extracted the shape 

contour by level set method. Then, we have obtained invariant 

shape feature, convex hull of the objects. This convex hull set 

serves as a pattern for the Neural Network. Initially Feed 

forward neural network trained on the odd data set and tested 

on even data set. Our approach is evaluated on the Amsterdam 

Library of Object Images collection, a large collection of 

object images containing 1000 objects recorded under various 

imaging circumstances. The experimental results clearly 

demonstrate that our approach significantly outperforms. The 

proposed method is shown to be effective under a wide 

variety of imaging conditions. 

Keywords 
Object Recognition, Shape feature, Convex Hull, Feed 

Forward Neural Network. 

1. INTRODUCTION 
Object recognition plays a crucial role in Computer Vision, 

especially in the semantic description of visual content [1], 

[2]. Building appropriate object models is central to object 

recognition, which is a fundamental problem in computer 

vision. Desirable characteristics of a model include good 

representation of objects, fast and efficient learning 

algorithms that require as little supervised information as 

possible. Although object recognition has been intensely 

studied, it still remains a hard and computational expensive 

problem. The main difficulty in the description of image 

content is the lack of information about the kind and the 

number of objects possibly present. Moreover, objects can 

appear at different locations in the image and they can be 

deformed, rotated, rescaled, differently illuminated or also 

occluded with respect to a reference view. The problem is to 

build a system able to recognize, as much as possible in an 

automatic way, the objects under various conditions. In order 

to simplify object detection and to reduce computational cost, 

many systems (e.g. [3]) limit the recognition to specific 

classes of objects. In these cases, a priori knowledge permits 

to select the most descriptive features for the objects at hand 

and to circumscribe the search space. However, even under 

this restriction, high classification performance is seldom 

reached. Moreover, many object recognition systems rely on 

user interaction to label as wrong or correct the returned items 

or to improve system response [4]. In [5], Nelson presented a 

technique to automatically extract a geometric description of 

an object by detecting semi- invariants at localized points. A 

new concept was presented by Schmid and Mohr [6], where, 

instead of using geometric features, the authors use a set of 

differential invariants extracted from interest points Rao and 

Ballard [7] explore the use of local features for recognizing 

human faces. 

In this paper, we have proposed object recognition technique 

with level set method and feed forward Neural Network. 

Proposed technique has four different phases namely pre-

processing, extraction of shape of object, obtaining convex 

hull set of shape and used as a pattern to train and test the feed 

forward neural network for object recognition. 

The organization of the paper is as follows. Section 2 

describes feature extraction using Level set method, Section 3 

describes feed forward neural network. Section 4 the 

experimental results and the conclusion are given in Section 5. 

2. FEATURE EXTRACTION  
Feature is anything that is localized, meaningful and 

detectable. In an image noticeable features include corners, 

lines, objects, colour, shape, spatial location, motion and 

texture. Features extracted from images define and describe 

the image content. Feature extraction is an important part in 

object recognition, which locates pixels in an image/object 

that have some distinctive characteristics. Shape of an object 

is the characteristic surface configuration as represented by 

the outline or contour. Shape recognition is one of the modes 

through which human perception of the environment is 

executed. It is important in object recognition because it 

corresponds to region of interests in images. 

Shape feature representations are categorized according to the 

techniques used. They are boundary-based and region-based. 

Boundary-based technique describes the shape region by 

using its external characteristics, for example pixel along the 

object boundary, while the region-based technique describes 

the shape region by using its internal characteristics, for 

example the pixel contained in the region. 

2.1 Level Set Method 
The level set method (LSM) is a numerical technique for 

tracking interfaces and shapes. The main benefit of the level 

set method is that performance of numerical computations 

involving curves and surfaces on a fixed Cartesian grid 

without having to parameterize these objects, the level set 

method makes it very easy to follow shapes that change 

topology, i.e. when a shape splits in two, develops holes, or 

the reverse of these operations. All these make the level set 

method a great tool for modelling time-varying objects, like 

inflation of an airbag, or a drop of oil floating in water. 

The level set method was first introduced by Osher and 

Sethian in 1987 [8], for capturing moving fronts of nonlinear 

hyperbolic PDEs. The method has been used for many 

applications, some of which are related to image processing. 
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The idea of the level set method is to implicitly represent 

fronts by the zero level of higher dimensional functions sum 

ɸ. Consider representation of a curve ᴦ in R2. This curve is 

one dimensional. Using a level set approach, this curve is 

represented by the zero level of a two dimensional surface 

(x,y,Φ(x,y)) defined over R2 i.e. the curve is the intersection 

of the plane (x, y, 0) and Φ(x,y) . This is shown in Fig. 1 and 

2. The implicit representation of ᴦ makes it possible to treat 

the set interior to ᴦ, int (ᴦ), as the set (x, y) : Φ(x,y) < 0 and 

exterior of ᴦ ,ext(ᴦ) as the set (x, y): Φ(x,y) > 0 , Note that 

using the level set representation of ᴦ, these sets need not be 

connected. By introducing a time parameter t , ᴦ(t) can be 

implicitly moved by evolving Φ(x,y). How Φ(x,y) is moved, 

is application dependent. In order to implicitly move the 

curve, the convection equation given below is solved. 

∅𝑡 + 𝑣 . ∇∅ = 0                                   --- (1) 

where v is a velocity field which can be dependent of time, 

geometry, internal or external physics, etc. When considering 

the evolvement of the curve in R2. 

𝑣 . ∇∅ = 𝑣1∅𝑥 + 𝑣2∅𝑦                       --- (2) 

Equation (2) only says how to move the zero level of Φ [9]. 

2.2 Convex Hull 
Region based compact shape representation is given by 

convex hull. The convex hull of a geometric object (such as a 

point set or a polygon) is the smallest convex set containing 

that object. The convex hull of a set Q of points is the smallest 

convex polygon P for which each point Q is either on the 

boundary of P or in its interior [10]. 

 

Fig 1 The level set function (x, y, Φ(x, y)) and (x,y,0) 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 ᴦ : Φ  = 0 

3. NEURAL NETWORK 
A Neural Network (NN), is a mathematical model that is 

inspired by the structure and functional aspects of biological 

neural networks. A neural network consists of an 

interconnected group of artificial neurons, and it processes 

information using a connectionist approach to computation. In 

most cases an NN is an adaptive system that changes its 

structure based on external or internal information that flows 

through the network during the learning phase. Modern neural 

networks are nonlinear statistical data modelling tools. They 

are usually used to model complex relationships between 

inputs and outputs or to find patterns in data. 

Minsky Papert showed in 1967 that a two layer feed forward 

network can overcome many restrictions but did not present a 

solution to the problem of how to adjust the weights from 

input to hidden units. The central idea behind this solution is 

that the errors for the units of the hidden layer are determined 

by back propagating the errors of the units of the output layer. 

For this reason the method is often called the back 

propagation learning rule. Back propagation can also be 

considered as a generalisation of the delta rule for nonlinear 

activation functions and multilayer networks. In supervised 

learning assumes the availability of a labelled set of training 

data made up of M input output examples : 

𝑇 = { 𝑥𝑖 , 𝑑𝑖 }𝑖=1
𝑀                       ------ (3) 

Where  xi= input vector of ith example 

            di = desired (target) response of ith example, assumed    

                   to be scalar for convenience of  presentation 

            M = sample size 

 
Given the training sample T, the requirement is to compute 

the free parameters of the neural network so that the actual 

output yi of the neural network due to xi is close enough to di 

for all i in a statistical sense. In the experimental result section 

we are using the mean-square error E (n) as the index of 

performance to be minimized. 

𝐸  𝑛 =
1

𝑀
   𝑑𝑖 −  𝑦𝑖 

2𝑀
𝑖=1                    ----- (4) 

3.1 The back-propagation algorithm 
A multilayer perceptron (MLP) has an input layer of source 

nodes and an output layer of neurons (i.e., computation nodes) 

shown in Figure 3; these two layers connect the network to 

the outside world. In addition to these two layers, the 

multilayer perceptron usually has one or more layers of 

hidden neurons, because these neurons are not directly 

accessible. The hidden neurons extract important features 

contained in the input data. The training of an MLP is usually 

accomplished by using a backpropagation (BP) algorithm that 

involves two phases [11,12]: 

 

 

 

 

 

Fig 3 . Feed forward neural network with one hidden layer 

and one output layer. 
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Forward Phase: In this phase the free parameters of the 

network are fixed, and the input signal is propagated through 

the network of Figure 3 layer by layer. The forward phase 

finishes with the computation of an error signal 

𝑒𝑖 = 𝑑𝑖 − 𝑦𝑖                                 --- (5) 

where di is the desired response and yi is the actual output 

produced by the network in response to the input xi. 

Backward Phase : In this second phase, the error signal ei is 

propagated through the network of Figure 3 in the backward 

direction, hence the name of the algorithm. It is during this 

phase that adjustments are applied to the free parameters of 

the network so as to minimize the error ei in a statistical sense. 

The back-propagation learning algorithm is simple to 

implement and computationally efficient in that its complexity 

is linear in the synaptic weights of the network. However, a 

major limitation of the algorithm is that it does not always 

converge and can be excruciatingly slow, particularly when 

we have to deal with a difficult learning task that requires the 

use of a large network. 

4. EXPERIMENTAL RESULTS 
In this section, several experiments are carried out to 

demonstrate the effectiveness of our proposed object 

recognition technique based on level set method and neural 

network approaches. The experiments are conducted in 

different levels such as Shape and convex hull set extraction, 

feedforward neural network training and testing for 

performance evaluation of proposed object recognition 

technique under varying conditions. Performance is evaluated 

with object recognition task on the Amsterdam Library of 

Object Images (ALOI) dataset [13, 14]. This public database 

has been widely used in object recognition literature. The 

ALOI collection consists of 1000 objects recorded under 

various imaging circumstances. For each object the viewing 

angle, illumination angle, and illumination colour are varied. 

The ALOI database consisting of 72000 images of 1000 

different objects with 72 diverse views each. The sizes of the 

images are 256x256 with 8 bits per colour. 

The images show a considerable amount of shadows, shading, 

and highlights. The combination of a large image dataset with 

a considerable variety of appearance, offers a formidable 

challenge for object recognition. Object recognition is the 

problem of matching one appearance of an object against a 

standardized version. One object may give rise to millions of 

different images, as camera conditions may be assorted 

endlessly. In our recognition experiment, one prototypical 

version of each object in the ALOI dataset is indexed and for 

querying, the diversity of the recorded object variations in the 

collection is being used. An object is accurately recognized 

when for all different variations the correct indexed object is 

returned. In this case, one may assume that the object can be 

recognized under a wide variety of real-life imaging 

circumstances. The objects of the data set are presented in 

Figure. 4. As an example, the sample views of the object are 

displayed in Figure. 5. 

 

Fig 4. Sample Objects from the ALOI Database 

 

Fig 5. Example of One object in the ALOI database with 

different rotations 

The proposed variational level set method has been applied to 

a variety of images from ALOI database in different 

modalities. A new variational formulation for geometric 

active contours that forces the level set function to be close to 

a signed distance function, and therefore completely 

eliminates the need of the costly re-initialization procedure. 

We used a region based initialization of level set function, 

which is not only computationally more efficient than 

computing signed distance function, but also allows for more 

flexible applications. Our variational formulation consists of 

an internal energy term that penalizes the deviation of the 

level set function from a signed distance function, and an 

external energy term that drives the motion of the zero level 

set toward the desired image features, such as object 

boundaries. The resulting evolution of the level set function is 

the gradient flow that minimizes the overall energy functional. 

The intermediate results for geometric active contours are 

depicted in Figure 6. 

 

Fig 6. Intermediate Results of Shape Invariant Feature 

Extraction. 
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The proposed System performance computed: the dataset is 

divided in two mutually disjoint sets, one used for the training 

phase and another for testing. The fact that the system is 

tested on a set, different from the one used for training, is a 

crucial factor for assessing the capability of the system in 

generalizing to different views. In particular, odd views are 

used to build the classifier and even views are used for testing. 

The experiments results of our proposed approach listed in the 

Table.1. The used ALOI database comprises of 1000 class 

image objects; for each objects 72 views are gathered, with a 

separation of 50. In our work, for analysis we have chosen 15 

sample class objects randomly from the ALOI database. Four 

different datasets are formed from the ALOI dataset. Each 

consists of 6,8,12,18,24 and 36 images with a separation of 

600,450, 300,200, 150 and 100 respectively are used for training 

the system. Afterwards, all 72 images in the test dataset are 

given as input for examining the performance of the proposed 

Object recognition techniques. The results of the experiments 

are illustrated in Table 2. 

Table 1 . Proposed technique performance for 15 image 

class 

Image Class  
Mean Square 

Error  

Percentage 

Accuracy 

Apple teabags 0.00001595 99.71 

Christmas bear 0.00001857 99.69 

Shell 0.00001835 99.78 

Green box  0.00001735 99.71 

Shoe  0.00001215 99.74 

Matchbox 0.00001484 99.78 

Baby cream tube  0.00002811 99.63 

Yellow bear 0.00001278 99.72 

Blue bear  0.00002564 99.55 

Optic lamp box  0.00002448 99.54 

Colorful toy square  0.00002256 99.62 

Chocolate box 0.00001616 99.7 

Brown bear  0.00001436 99.74 

Chess horse  0.0000228 99.63 

Vitamin pills  0.000004059 99.91 

 

Table 2 . Performance of proposed technique with training 

of 6, 8, 12, 18, 24 and 36 data size 

Training Data 

size  

Mean Square 

Error 

 Percentage 

Accuracy 

6 0.0000225 99.56 

8 0.00002912 99.57 

12 0.00001836 99.61 

18 0.00002159 99.69 

24 0.00001856 99.72 

36 0.0000132 99.74 

 

 

5. CONCLUSION 
We have proposed an efficient object recognition technique 

using level set method and neural network. In this paper, 

object shape contour is extracted by level set method and 

convex hull set descriptors have been proposed which are 

invariant to the viewpoint, geometry of the object and 

illumination conditions, this set have been served as the 

pattern for the forthcoming processes involved in the 

proposed approach. Subsequently we have trained feed 

forward neural network using different class of data set and 

tested using all set of data. We have attained distinct results 

concerned with different class of the objects. We have 

evaluated our proposed approach on the ALOI collection, a 

large collection of object images consists of 1000 objects 

recorded under various imaging circumstances. The 

experiments clearly demonstrated that our proposed approach 

significantly outperforms the state-of-the- art methods with 

level set method for shape features. The proposed method is 

shown to be effective under a wide variety of imaging 

conditions. 

6. REFERENCES 
[1] P. Duygulu, K. Barnard, N. de Freitas, and D. Forsyth, 

Object Recognition as Machine Translation: Learning a 

lexicon for a fixed image vocabulary, In European 

Conference on Computer Vision (ECCV) Copenhagen, 

2002 

[2] D. A. Forsyth and J. Ponce, Computer Vision: a modern 

approach, Prentice Hall,2002 

[3] A. Hoogs, R. Collins, R. Kaucic, and J. Mundy, A 

common set of perceptual observables for grouping, 

figure - ground discrimination, and texture classification, 

IEEE Transaction on Pattern Analysis and Machine 

Intelligence, Vol. 4, pp. 458 ,474, 2003. 

[4] B. Ko and H. Byun, Extracting Salient Regions And 

Learning Importance Scores In Region-Based Image 

Retrieval, International Journal of Patter Recognition and 

Artificial Intelligence, Vol. 17, No. 8, pp. 1349 ,1367, 

2003. 

[5] R. C. Nelson, Memory-based recognition for 3-d objects, 

In ARPA Image Understanding Workshop, pp: 1305 

,1310, February 1996. 

[6] C. Schmid and R. Mohr,Local gray value invariants for 

image retrieval, IEEE Transactions on Pattern Analysis 

and Machine Intelligence, Vol.19, Issue.5, 1997, pp: 

530,535. 

[7] R.P.N. Rao and D.H. Ballard,Natural basis functions and 

topographic memory for face recognition, In 

International Joint Conference on Artificial Intelligence, 

pp: 10,17, 1995. 

[8] S. Osher and J. Sethian, Fronts propagating with curvature 

dependent speed: Algorithms based on hamilton-jacobi 

formulation. J. Comput. Phys., vol. 79, pp. 12, 49, 1988. 

[9] Johan Lie Variational Image Segmentation using 

Discontinuous Level Set Formulations,Cand. Scient. 

Thesis in Applied Mathematics,University of Bergen, 

December 12th 2003 

[10] Thomas H. Cormen Introduction to Algorithms,Second 

edition,MIT Press, 2001 



International Journal of Computer Applications (0975 – 8887) 

Volume 40– No.2, February 2012 

12 

[11] Werbos, P. J., Beyond regression: New tools for 

prediction and analysis in the behavioral sciences, Ph.D. 

Thesis, Harvard University,Cambridge, MA.1974 

[12] Rumelhart, D. E., G. E. Hinton, and R. J.Williams, 

Learning internal representations by error propagation, in 

D. E. Rumelhart and J. L. McCleland, eds. (Cambridge, 

MA: MIT Press), vol. 1, Chapter 8.1986 

[13] J. M. Geusebroek, G. J. Burghouts, and A. W. M. 

Smeulders,The Amsterdam library of object images, Int. 

J. Comput. Vision, Vol. 61, No. 1, pp. 103,112, January, 

2005. 

[14] Amsterdam Library of Object Images (ALOI) Datasets 

from http://staff.science.uva.nl/ aloi/ 

7. AUTHORS PROFILE 
V. N. Pawar is a PhD student at SGGS Institute of 

Engineering & Technology, Vishnupuri, Nanded, India doing 

research in the field of object recognition systems. He 

received B.E. Electronics and M.E. (Control Systems) from 

Shivaji University, Kolhapur, India in 1990 and 1997 

respectively. He is life fellow member of IETE and ISTE. His 

research interests are in Computer Vision, Embedded 

Systems, Image Processing and Robotics. 

S. N. Talbar has received his B.E and M.E degrees from 

SGGS Institute of Technology, Nanded, India in 1985 and 

1990 respectively. He obtained his PhD (Highest degree) from 

SRTM University, India in 2000.  He is recipient of the 

Young Scientist Award by URSI, Italy in 2003. He had 

Collaborative research programme at Cardiff University 

Wales, UK. Currently he is working as Professor in 

Electronics & Telecommunication Department of SGGS 

Institute of Technology Nanded, India. He is a member of 

many prestigious committees in academic field of India. His 

research interests are Signal & Image processing, Pattern 

Recognition and Embedded System Design. He has published 

about 40 papers in Journals and about 105 papers in 

Conferences. 

 



IJCSNS International Journal of Computer Science and Network Security, VOL.9 No.5, May 2009 

 

 

 

17 

Manuscript received May 5, 2009 

Manuscript revised May 20, 2009 

An Investigation of Significant Object Recognition Techniques 

V.N. Pawar 
Assistant Professor 

A.C. Patil College of Engineering, Navi Mumbai, India 

  
 

Sanjay N. Talbar 
Professor 

SGGS Institute of Technology, Nanded, India 

 

Summary 
Our day to day activities rely largely on the precise and rapid 

identification of objects in our visual environment. In the current 

scenario, Object recognition is one of the most actively 

researched areas of computer vision and pattern recognition. The 

domain of Object recognition hopes to achieve near human levels 

of recognition for tens of thousands of object categories under a 

broad variety of conditions. The significant challenge of object 

recognition is the ability of the system to recognize any member 

of a category of objects regardless of wide variations in visual 

appearance due to disparities in the form and color of the object, 

occlusions, geometrical transformations, changes in illumination, 

and potentially non-rigid deformations of the object itself. In this 

article, we investigate the effectiveness of four vital research 

techniques for object recognition in digital images. The 

techniques investigated in the article include: Principal 

Component Analysis, Support Vector Machines, Hidden Markov 

Model and k- Nearest Neighbors classifier. The comparison is 

examined in terms of recognition accuracy and false positives. 

The Columbia Object Image Library (COIL-20) is utilized in the 

investigation of the techniques. 

Key words: 
Object Recognition, Object Model, Features, Principal 

Component Analysis (PCA), Support Vector Machines (SVM), 

Hidden Markov Model (HMM), k-Nearest Neighbors (k-NN), 

Columbia Object Image Library (COIL-20), Accuracy, False 

Positives. 

1. Introduction  

Obviously, nature presents immense quantity of visual 

information. Images and videos possess different kind of 

semantic content, which can serve as a significant resource 

when certain information is extracted for numerous 

application areas. Object recognition systems are a 

promising approach to discover such semantic content. 

Object recognition plays a crucial role in Computer Vision 

applications, specifically in the semantic description of 

visual content whereas it is a simple task for a human 

observer [1], [2]. Object recognition is the task of 

identifying and labeling the parts of a two-dimensional 

(2D) image of a scene that correspond to objects in the 

scene [3]. It is challenging to recognize an object from 

visual information. The recognition is considered chiefly 

invariant to the dramatic changes caused in object’s 

appearance namely location, size, viewpoint, illumination, 

occlusion and considerably by the variability in viewing 

conditions. Some common examples of object recognition 

at work are: detecting a pedestrian in the view while 

driving, classifying an animal as a cat or a dog, 

recognizing a familiar face in a crowd. 

Object recognition can be observed as a learning problem. 

To start with the system is trained on sample images of the 

target object class and other objects, learning to 

differentiate them. Subsequently, when new images are 

fed the system can sense the presence of the target object 

class [8]. Robotics and factory automation are some 

application domains with recognition of objects as their 

prime activity [4]. Object recognition has been one of the 

prime areas of research that has achieved tremendous 

progress in the past few years irrespective of its 

engineering applications. So many studies have been 

carried out on object recognition but still it remains as a 

hard and computational expensive problem [5]. Searching 

for a known object in a specified scene and locating a 

given object are inherently different problems [6].The 

recognition process necessitates prior acquisition and 

storage of appropriate object descriptions, or models, in a 

model-base. The recognition problem then becomes one of 

hypothesizing an object-to-model correspondence and then 

verifying the correctness of the hypothesis. A hypothesis is 

accepted if the error between the projected model features 

and the corresponding image features is below a specified 

threshold. A model includes shape, texture, and context 

knowledge about the occurrence of objects in a scene [3]. 

With the objective of simplifying object recognition and 

reducing computational cost, most systems (e.g. [29]) limit 

the recognition to specific classes of objects. In these cases, 

prior knowledge of classes permits one to select the most 

descriptive features for the objects at hand and to 

circumscribe the search space. Nevertheless, even under 

this limitation, high classification performance is seldom 

reached. In addition, many object recognition systems rely 

on user interaction to judge the correctness of returned 

items or to improve system response [55]. Object 

recognition is a computationally expensive process. Fast 

algorithms are essential at all stages of the recognition 

process including feature extraction, invariant computation, 

and matching objects in target images with those in the 
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model-base. Object recognition is tricky because a 

combination of factors must be considered to identify 

objects. These factors may include limitations on 

allowable shapes, the semantics of the scene context, and 

the information present in the image itself [3].Objects are 

likely appear at different locations in the image and they 

can be deformed, rotated, rescaled, differently illuminated 

or also occluded with respect to a reference view [5].  

For effective visual object recognition, a large number of 

views of each object are required due to viewpoint 

changes and it is also necessary to recognize a large 

number of objects, even for relatively simple tasks [7]. 

Constructing appropriate object models is vital to object 

recognition, which is a fundamental difficulty in computer 

vision. Desirable characteristics of a model include good 

representation of objects, fast and efficient learning 

algorithms with minimum supervised information [9]. 

Evidently, literature possesses so many extensive studies 

on object recognition (e.g. 11-20). In general, the existing 

approaches use image databases which illustrate the object 

of interest at prominent scales and with minor variations 

on it. The most common object recognition approaches 

can be classified into appearance-based [6, 11-15], model-

based [14, 16-20] and approaches based on local features 

[21-28]. Many practical object recognition systems are 

appearance-based or model-based. To be successful they 

address two major interrelated problems: object 

representation and object matching. The representation 

should be good enough to allow for reliable and efficient 

matching [10].   

In this paper, we have investigated four vital research 

techniques available in the literature for the recognition of 

objects in digital images. The object recognition 

approaches based on the pattern recognition techniques: 

Principal Component Analysis (PCA), Hidden Markov 

Model (HMM), Support Vector Machines (SVM) and k-

Nearest Neighbors (k-NN) are chosen for investigation. 

The techniques elected for investigation are programmed 

in Matlab and the investigation is performed with the aid 

of the Columbia Object Image Library (COIL-20) dataset, 

which contains gray scale images of 20 objects; for each 

object 72 views are gathered, with a separation of 5
o
. 

Initially, four distinct datasets are formed from the original 

dataset for investigation. The formed datasets are of size 6, 

12, 24 and 36 respectively, each with different views of 

objects for training. Afterwards, the programmed 

techniques are trained with the formed datasets. Following 

the above, the remaining images respective to the training 

datasets are given as input to get the recognition accuracy 

and false Positives of the corresponding dataset. The 

results of the investigation are presented in the 

experimental results section.   

The rest of the paper is organized as follows: A concise 

introduction about object recognition system is given in 

Section 2. A description of the investigated object 

recognition techniques is provided in Section 3. The 

results of the investigation are presented in Section 4. 

Finally, conclusions are summed up in Section 5. 

2. Object Recognition System 

The elemental cognitive task which is necessary for 

continued existence is object recognition, e.g., to detect 

predators or to discriminate food from non-food. In spite 

of the apparent effortlessness with which the visual system 

carries out object recognition, it is a very complicated 

computational task requiring a quantitative trade-off 

among invariance to few object transformations on one 

side and specificity for each objects on the other hand [52]. 

The problem of object recognition can be declared as 

follows: it is specified that a scene consisting one or more 

objects, and an image of the scene taken by a camera of 

unknown position and orientation, object recognition 

include solving the following two sub problems. 

Identification: What are the objects that are present in the 

scene? and Location: What is the position and orientation 

of each such object in relation to the camera? 

A complex computational problem is resolved by the 

system that does object recognition. There is high 

inconsistency in appearance among the objects within the 

same class and inconsistency in viewing conditions for a 

particular object. The system must be capable of detecting 

the presence of an object for example, a face under 

different illuminations, scale, and views, while 

distinguishing it from background clutter and other classes 

[8]. There are two main variables in an approach that 

differentiate one system from another in object recognition 

systems. The primary variable is what features the system 

which uses to represent object classes. These features can 

be nonspecific, which can be used for any class, or class-

specific. The second variable is the classifier, the module 

that finds out whether an object is from the target class or 

not, after being trained on tagged examples [8]. 

Commonly there will be five stages in an object 

recognition system: Pre-processing, Grouping, Invariant 

Extraction, Hypothesis Generation and Hypothesis 

Verification 

The difficulties associated with the object recognition 

system are as follows: To the retina any sole object is 

capable of projecting infinity of image configurations. To 

the viewer the orientation of the object can differ endlessly, 

each one resulting in a dissimilar two-dimensional 

projection. It is possible to occlude the object with other 

objects or texture fields, as when we had a look behind 

foliage. It is not essential for the object to be offered as a 
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full-colored textured image; as an alternative the 

representation can be a basic line drawing [1]. Object 

recognition is also related to content-based image retrieval 

and multimedia indexing as a number of generic objects 

can be recognized. Object recognition has also been 

studied extensively in psychology, computational 

neuroscience and cognitive science [53, 54]. 

3. Description of Investigated Object 

Recognition Techniques 

The object recognition approaches based on pattern 

recognition techniques: Principal Component Analysis 

(PCA), Support Vector Machines (SVMs), Hidden 

Markov Model (HMM) and k- nearest neighbor (k-NN) are 

selected for examination. SVMs have been used for a 

variety of learning and pattern recognition tasks such as 

face recognition [57], pedestrian detection [58], world-

wide web searching [59] and more along with object 

recognition. Likewise HMM [43, 60-62], PCA [42, 63-66] 

and k-NN [67, 68] have been largely applied for the 

recognition of objects in digital images. A description of 

the four significant object recognition techniques, selected 

for investigation, is presented in this section. The details of 

the selected techniques are as follows: 

 ―Nearest Neighbor search algorithms for generic 

object recognition‖ by Ferid Bajramovic et al. 

[30]. 

 ―Vision based object recognition and localization 

using Principal Component Analysis‖ by Yogesh 

Girdhar and Daniel Pomerantz [42]. 

 ―Hidden Markov Model approach for appearance-

based 3D object recognition‖ by Manuele Bicego 

et al. [43] 

 ―Object recognition using hierarchical Support 

Vector Machines‖ proposed by Katarina Mele 

and Jasna Maver [46] 

3.1 Nearest Neighbor Search Algorithms for Generic 

Object Recognition 

Ferid Bajramovic et al. [30] proposed a set of thinning 

methods and query structures for k-NN which are 

appropriate for reducing the memory requirements and/or 

time incurred for classification of generic object 

recognition. 

3.1.1. Nearest Neighbor Classifier 

The k nearest neighbors ( NNk  ) classifier needs a 

labeled training data set 

)},(),....,,{(},{ 11 nn yxyxYX   which consists of 

d dimensional feature vectors ix  and their class labels iy . 

In order to classify a new feature vector x  for 1k , it 

locates the closest element ix  in X and assigns the label 

iy  to x . The misclassification error of the 1-NN classifier 

converges ) ( nfor  to at most twice the Bayes-

optimal error [31]. 

For 1k , find the k nearest neighbors ),...,( 1 kxixi  of 

x  in X . Then carry out a voting amongst the class labels 

),...,( 1 kyiyi of those found neighbors. The classic rule is 

to choose the class with the most number of votes within 

the set of neighbors, ties can be broken arbitrarily. In the 

above case i.e., 1k , the asymptotic 

) ( n misclassification error of the 

NNk  classifier is as low as the Bayes-optimal error 

[31]. A rejection rule can be included to enhance the 

voting mechanism. There are a number of possibilities: 

reject ties, reject if majority is too small, reject if not all 

neighbors are in the same class (unanimous voting). 

Universally when a strict voting mechanism is employed 

the higher the chances of rejection and lower the 

misclassification rate. 

3.1.2. Efficient Query Structure 

There are a number of approaches to advance the running 

time of brute force nearest neighbor search [32, 33, 34]. 

But there is no exact algorithm which can improve both 

time and space requirements in the worst case. 

kd-Tree 

The most relevant practically known approach for higher 

dimensions is the Treekd  established by Friedman, 

Bentley and Finkel [35]. Treekd  is a multidimensional 

search tree for points in k  dimensional space? Levels of 

the tree are split along successive dimensions at the points. 

The basic idea of the Treekd  is to partition the space 

using hyper-planes orthogonal to the coordinate axes. Each 

leaf node possesses a bucket with a number of vectors; the 

other nodes in the binary Treekd  compose of a 

splitting dimension d  and a splitting value v . 

kd-Tree for Approximate Nearest Neighbor 

It is not very essential to compute the nearest neighbor 

when we apply NN classification for generic object 

recognition. The only criteria set is that the classification is 

said to be correct if the data points found belong to the 

same class. So we go for the approximate nearest neighbor 

approach for generic object recognition developed by Arya 
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and Mount [36]. An )1(  approximate nearest neighbor 

is defined as follows: 

Definition: A vector q  is called )1(  approximate 

nearest neighbor of Xx if for all Xy : 

),()1(),( qydyxd  . The value   is also called 

the error bound. If 0 , the query is equivalent to the 

exact nearest neighbor classification. Else the minimum 

distance to the real nearest neighbor is at least )1/(1   

of the calculated distance. To find a given query vector q , 

the leaf cell in the tree is located by descending the tree. 

Only those neighboring cells which are in the range of 

)1/(),( qxd are searched for a closer training vector. 

Arya [36, 37] showed that the algorithm has poly-

logarithmic query time and requires nearly linear space 

which can be made quite independent of the vector 

distribution. 

3.1.3 Thinning 

Thinning is defined as the process of reducing the training 

data set },{ YX to a smaller subset }','{ YX . After the 

thinning process, the classifier only uses }','{ YX . The 

above process results in reduced memory requirements 

and query times. An important property of thinned data 

sets }','{ YX  [31]: 

Definition: A set },{}','{ YKYX  is called consistent 

subset of },{ YX if the 1-NN classifier for }','{ YX  

correctly classifies all members of the original set },{ YX . 

This property is very desirable, as it provides assurance of 

perfect recognition of the 1-NN classifier for 

}','{ YX applied to the whole training set },{ YX . The 

same definition can be extended with respect to the k-NN 

classifier: 

Definition: A vector Xx  is called k-consistent with 

respect to },{ YX  if the unanimous k-NN classifier for 

},{ YX  classifies it correctly. Otherwise it is called k in 

consistent with respect to },{ YX . A set },{ YX  is called 

k-consistent set if it has no elements which are k-

inconsistent with respect to },{ YX . A subset 

},{}','{ YXYX   is called k-consistent subset of 

},{ YX if all members of },{ YX are k-consistent with 

respect to }','{ YX . 

Obviously, the terms consistent subset and 1-consistent 

subset are equivalent. As for the 1-NN case, the property 

k-consistent subset guarantees perfect recognition of the k- 

NN classifier for }','{ YX applied to the whole training 

set },{ YX .  

Condensed Nearest Neighbor 

Hart [31, 38] proposed a thinning algorithm called 

condensed nearest neighbor (CNN). To start with, one 

element of the training set is chosen arbitrarily. 

Subsequently, a complete scan over all remaining elements 

is performed. During the scan, all elements which are 1-

inconsistent with respect to the new growing set are added 

to the new set. Additional scans are done until the new set 

remains unchanged for a complete scan. The thinned 

subset is guaranteed to be a 1-consistent subset of the 

training set [31]. Hart’s algorithm successfully reduces the 

size of the data and thereby improves memory 

requirements and query execution times, but it also 

reduces the recognition rate typically [31]. 

Reduced Nearest Neighbor 

Gates [31, 39] proposed a post-processing step for the 

CNN thinning algorithm. As the initial members of the 

thinned set are chosen arbitrarily and as additional 

members are added, it may be possible to remove some 

vectors and still retain a 1-NN consistent subset of the 

training set. The post-processing algorithm simply checks 

for each vector of the thinned set if the thinned set without 

that vector is still a 1-NN consistent subset of the training 

set. If it is, the vector is removed. 

Baram’s Method 

Baram [31, 40] proposed a thinning algorithm that thins 

each class individually. For each class, a new set for the 

thinned class is initialized with an arbitrary member of that 

class. Subsequently, each vector of that class, which is 1-

inconsistent with respect to a modified training set in 

which the current class is replaced by the growing thinned 

version of that class, is added. Naturally, this algorithm 

can also be extended to a k-NN version.  

Proximity Graph Based Thinning 

All the thinning algorithms dealt above exhibit the 

property that different thinned-sets will result from 

considering the data points in a different order. As this is 

undesirable, they also consider order-independent, graph-

based thinning algorithms. The origin for all these order-

independent algorithms is the Delaunay graph [41], which 

is constructed by connecting nodes in adjacent Voronoi 

cells. A Voronoi cell is the region of space around a point 

that is closer to that point than to any other point. If we 

remove a point from our set, all points falling in its 

Voronoi cell will now fall in a cell belonging to one of its 

neighbors in the Delauny graph. This advocates a thinning 

algorithm: by removing all points that are surrounded by 

Delauny neighbors of the same class, we are provided with 

a thinned set that has exactly the same classification 
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properties as the original set in a 1-NN classification 

scheme. Despite its desirable properties, Delaunay Graph 

thinning possesses two critical drawbacks: the algorithm is 

exponential in the dimensionality of the data, and 

empirically removes very few points for real datasets [41]. 

It seems that tolerating some shift in the decision boundary 

can (greatly) increase the number of points removed in 

thinning.  

3.2 Vision Based Object Recognition and 

Localization Using Principal Component Analysis 

(PCA) 

To find a match between the images in a way that is more 

robust to shift, occlusion, and rotation an algorithm is 

proposed by Yogesh Girdhar and Daniel Pomerantz 

[42].To be capable of finding a match amid unaligned 

images corresponding to dissimilar viewpoints of the same 

object or location is their major goal. An application of 

this matching localizing a robust based on what it sees and 

judge against the formerly seen images of the world. That 

can be done by improving upon standard PCA matching 

algorithms. When compared with simple PCA matching, 

their algorithms perform competitively in a controlled 

environment, but definitely well again as the occlusion as 

well as the shifts in the scene are greater than before. 

3.2.1 Principal Component Analysis (PCA) 

An image recognition system should be able to match a 

given image to a training image of the same object 

effectively is the main goal. One of the approaches to do 

this is to take into account of all the diverse intensity 

values at every single pixel as well as to run a nearest 

neighbor algorithm on the query image to find out which 

training image it almost closely matches. For a N  pixel 

N*  pixel image, with a training set of size T , this 

requires a run time of )( 2TNO , which is computationally 

difficult. 

In PCA, the NN * images are projected into a dimension 

of size much smaller than the original image. Preferably 

this subspace would strike a balance between retaining as 

much of the original information as possible and 

minimizing the dimension. It means that, once if they 

project into this subspace, they would like to be capable of 

reproducing the original image as closely as possible. By 

calculating the eigenvectors of the covariance matrix1 of 

their training images this is carried out by the PCA 

accurately. The major components of the trained images 

are the eigenvectors corresponding to the largest Eigen 

values. Generally, they prefer at most 

2NT  eigenvectors, where T is the number of 

images in the training set. It is now viable that when 

presented with a query image, they can then run nearest 

neighbor approaches on the projected space. Even though 

this approach works reasonably well, it is very prone to 

small changes in the query image such as partial object 

occlusion, image rotation, facial expressions, translation, 

scaling, and a variety of angles of lighting. 

3.2.2. Occlusion and Shift Invariance Using Local 

Matching 

They would like to break both their training and test 

images into multiple sub-windows prior to run PCA on the 

entire image. Later, to each of the sub-windows PCA is 

applied as well as the nearest neighbor algorithms. They 

can locate the closest matching training sub-windows for 

each sub-window of the query image and join all of the 

sub-windows using a voting scheme. 

Choosing Sub-windows 

While selecting the sub windows, they could naively 

divide their original images along a grid of suitable size, 

but this approach is computationally difficult since they 

would end up raising the dimension too substantially. 

However this would be very liable to translations as they 

would necessarily take no notice of few parts of the image 

in this event. If both the query image and the training 

image are the same, except translated a few pixels, not 

anything would match. As an alternative approach they 

can run an interest operator on the whole image. The 

interest operator will spot points of interest and we will 

base our windows around these. Preferably the interest 

operator should be capable of handling changes such as 

rotations, translations, and scaling well as then it would be 

able to find out the same point in both the training phase as 

well the query phase.  

Harris corner detector is utilized as an interest operator. 

Even though Harris is designed for identifying corners in 

an image but it suits for several other reasons: to begin 

with, it is translation and (planar) rotation invariant as the 

corner detection is insensitive to these. Secondly, the 

algorithm can be run fast and is comparatively simple to 

implement. They should choose the appropriate windows 

once if they run the Harris operator on their image. So as 

to avoid redundancy in the operator and to better space 

their windows, they select the top N  pixels as given by 

the Harris operator, but with the constraint that they not 

intersect. Once if they select these points, they then 

construct a circular window around each of these points by 

cutting the image in the region of these points in a circular 

fashion with fixed radius. 

Matching Images 

Currently they have a set of sub-windows, each of which 

is ―owned‖ by an original image. Calculate the PCA on all 

of these images and project to the Eigen space produced 
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by the training data. For every sub-window of a query 

image, they are the capable of calculating the distance in 

the Eigen space to every other sub-window. Calculate the 

distance to the closest training sub windows for each query 

sub-window. As s last step take the results of PCA for 

each of the sub-windows and merge this into a voting 

scheme.  

Every original image gets a vote if it comprises a sub-

window that matches one of the query sub-windows. Then 

votes are weighed according to the exponential. That is, if 

x is the query sub-window and y is the closest training 

sub-window, they give a vote of size iw  where iw  is 

2),( yxd

i ew   

In addition, instead of considering simply the top match, 

experiment by considering the top N  closest sub-

windows and allowing a contributing vote. According to 

the distance the votes are previously weighted, this could 

let better accuracy as this allows for the case where the 

closest image has sub-windows that often appear as second 

or third closest matches but hardly ever as the closest. 

3.2.3. Overall Algorithm 

• For every training image: 

– Use an interest operator (Harris) to compute 

wN  sub-windows of a given size. 

– Convert the sub-windows to polar coordinates. 

– Compute their amplitude spectrum in the 

frequency domain by taking their Fourier 

transforms 

• Use PCA to compute a low dimensional eigenspace 

using all the sub-windows of all the training images. 

• Project each window onto this space to get a low 

dimensional vector representative of the sub-window. 

This forms our training database. 

 

Then in query phase, perform the same pipeline process 

and match the query image to a training image using the 

voting scheme 

3.3 Hidden Markov Model (HMM) Approach for 

Object Recognition 

A novel method for appearance based 3D object 

recognition was proposed by Manuele Bicego [43], based 

on the Hidden Markov Model approach. The object’s view 

is analyzed in a raster-scan fashion to attain a sequence of 

partially overlapped sub-images. For every sub-image, 

wavelet coefficients are calculated, the most significant are 

retained, and, finally, arranged to create a feature vector. 

Wavelet coefficients are extracted as local descriptors, 

aiming to improve robustness with respect to noise and 

lighting changes, while retaining the capability in grabbing 

essential information of the signal, by discarding 

insignificant parts. They are used along with HMMs, an 

outstanding method capable of capturing the sequential 

nature of data, which, in this scenario, succeeds to explain 

the shape of an object from an unrolled sequence of its 

wavelet coefficients. In this manner, a prominent 

framework for object classification can be constructed. 

The vectors sequences (one for each view) are 

subsequently modeled using HMMs, providing specific 

attention to the initialization and the model selection issues. 

3.3.1. Hidden Markov Models (HMMs) 

A discrete-time first-order HMM (Rabiner, 1989 [44]) is a 

probabilistic model that illustrates a stochastic sequence 

TOOOO ,...,, 21 as being an indirect observation of an 

underlying (hidden) random sequence 

TQQQQ ,...,, 21 , where this hidden process is 

Markovian, even though the observed process may not be 

so. More typically, a HMM is defined by the following 

entities [44]: 

 },...,,{ 21 NSSSS  the finite set of the hidden 

states; 

 the transition matrix 

}1,{ NjaA ij  representing the 

probability to move from state Si to state 

Nji,1   ][ 1   itjtij SQSQPa wit

h 1 0
1

 


N

j

ijij aanda  

 the emission matrix )}({ jSObB  indicating 

the probability of the emission of the symbol O 

when system state is jS ; This paper employs 

continuous HMM: )( jSOb  is represented by a 

Gaussian distribution, i.e. 

),()( jjj ONSOb   where 

),( ON denotes a Gaussian density of mean l 

and covariance R , evaluated at O ;  

 }{ i  , the initial state probability 

distribution, representing probabilities of initial 

states, i.e. Ni1  ][ 1  ii SQP  with 

1 and 0
1

i  


N

i

i   
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For convenience, they denote a HMM as a 

triplet ),,(  BA .  

3.4. Object Recognition Using Hierarchical Support 

Vector Machines (SVM) 

To carry out object recognition, the hierarchical SVMs 

learning technique is offered as an alternative by Katarina 

Mele and Jasna Maver [46]. With the help of the 

hierarchical structures the crisis of cluttered background 

can be prevented. From one- and two-class SVMs 

hierarchical trees are constructed. By uniting both the 

recognition process is enhanced and the number of false 

positives is lessened simultaneously. By means of the 

hierarchical SVM allow we can identify t the sides of the 

object, e.g., front side, back side, left side, and right side. 

By adapting the number of levels in tree structure to the 

difficulty of the learning objects the method can be made 

better. A representation tree with more levels is necessary 

for the objects with complex 3D whereas symmetrical 

objects do not require hierarchical representation. 

3.4.1. Support Vector Machines (SVM) 

SVM is a binary classifier [48].  It is also possible to use it 

for multi class problems [47].  The SVMs are convenient 

for classification in high dimensional space and 

consequently suitable for image classification.  A set of 

N  images of size rp  can be represented as a set of 

points NiX i ,...,2,1;   in rpnRn ; . Each ix  can 

be a member of only one of the two classes }1,1{iy , 

pairs )},(),...,,{( 11 nn yXyX  form a training set.  The 

optimal separating hyper-plane (OSH) is defined with 
nRw  and Rb  as follows: 

0).(  bxw i  

The computation of w  is achieved by minimizing w  

under correct classification of the training set, i.e., 

1)(  ,  ii xfyi  

This is equivalent to maximizing the margin between the 

training points and the separating hyper-plane, and ensures 

good generalization property on the real population. It can 

be proven [33] that w  is of the form ii

i

i xy  where 

i  come from the following quadratic optimization 

problem: Minimize     

jij

ji

ii xxL   
,2

1
)(  

Under  

0  0  ,   i

i

ii yand  . 

The value of b  does not appear in the optimization.  It has 

to be computed, given the i : 

2

minmax 11 jij

j

jyiji

i

jjyi xxyxxya

b

  





 

Finally, using the expansion of w , we can write the 

classification function as: 

bxxyxf ii

i

i )(  

A new point ix  is classified according to the sign 

of )(xf , i.e., we test which side of the hyper-plane it 

belongs to. 

3.4.2. Black-White Method 

To the cluttered background the Black-White (BW) 

method attempts to be invariant. Additional training 

images can be produced to defeat the problem of cluttered 

images; the original background can be replaced with all 

probable backgrounds. The number of all such images is 

vast; for that reason Roobaert [49] recommends a data 

selection approach, so called pedagogical learning. They 

put forwards that only extreme values can be taken as the 

background values. In fact this means that the training set 

contains objects pasted onto a white and black background.  

With the purpose of distinctiveness between the known 

objects and other parts of the scene a new class with the 

name ―non-object‖ is set up. As a matter of fact all images 

that do not correspond to the known object belong to the 

non-object class. Producing a representative non object 

image set is a complicated task and regrettably very vital 

for suitable classification. The outcome of an inappropriate 

training set of the non-object class is a huge number of 

fake positives. It can be known from this that the method 

identifies the known objects at the places in the image 

where there is a background. 

3.4.3. One-Class SVM 

It is sensible to suppose that images of an object cluster in 

a certain way and that images of the non-object do not for 

the reason that they can be more or less anything. Where 

there is no enough information about some classes [50, 51] 

one-class SVM has been effectively used in such situations. 

The main aim of one-class SVM is to position all the data 

of one-class into a hyper sphere. The formulation of the 

problem is the as proceeds: 
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Consider a set of points NiRx n
i ,,2,1;   

belonging to the same class. Let  be a feature 

map FRn   such that the dot product in the image of 

 can be computed by evaluating some simple kernal: 

))().((),( xxyxk   

We are looking for the smallest hyper-space with radius 

R  and center c  that include all  
2

,
min: Rx

FcRR
i


 subject to 

.,,2,1)( 22
Ni  for  Rcxi              

We solve the dual problem: 

),(),(min i

i

iij

ij

iji xxkxxk   


 subject to 

 
i

ii 1   ,0    

The solution is 

)(. i

i

i xc       

and the decision funtion: 

)),(),(2),(sgn()( 2 xxkxxkxxkRxf i

i

ijij

ij

i     

2R is computed for the above equation such that for any 

ix with i0  the argument of  sgn is 0. The 

function )(xf  is positive inside hyper-sphere and 

negative on the complement. To accept also the points in 

the near vicinity of the hyper-sphere we relax the decision 

function by threshold t  as follows: 

)),(),(2),.(sgn()( 2 txxkxxkxxkRxf i

i

ijij

ij

i     

3.4.4. Hierarchical One-Class SVM 

Since One class SVMs cannot exploit the idea of 

pedagogical learning as it is done by the BW method. 

Black and white backgrounds broaden the points in
nR , 

which direct to large hyper spheres and at the same time to 

poor seperability of diverse classes. In order to avoid the 

problem of cluttered background they systematize the 

image pixels in a hierarchical structure which let us to deal 

with the object pixels alone. 

They line up the images of an object according to a 

rotation angle. The reason for such an arrangement is the 

fact that images with close viewing angles are more 

similar. 

Let iX  denote an image from the training set and let us 

form a set of binary images NiBi ,,1;   such that for 

each pixel of iB  






pixel  background  an  is  lcX  if  

pixel  obect  an  is  lcX  if  
lcB

i

i
i

),(0

),(1
),(  

First, the AND operation is performed on pixels of iB : 

.,,1,,,1),(),(
1

1 rl    pc    lcBlcM i

N

i
 


 

It is evaluated from the computed intersection that the 

mask of level 1 of the tree structure. The mask is a binary 

image with value 1 at the pixels marked as objects 

otherwise it is 0 in all images. After that, the image set is 

divided into half and the intersection mask for each half 

individually calculated. Consequently, level 2 is formed by 

two masks. In a similar manner, level 3 is formed by the 

intersection masks got by additional division of the image 

groups. From the results it is revealed that the hierarchical 

method has a lower false positive rate. 

4. Investigation Results  

The results of the investigation on the chosen research 

techniques are provided here. The techniques selected for 

investigation are programmed in Matlab (Matlab 7.4). The 

images from COIL-20 data set are employed in examining 

the effectiveness of the investigated techniques. The 

description of the dataset and the experimental results are 

given in the following subsections.   

4.1. Columbia Object Image Library (COIL-20) 

Columbia Object Image Library (COIL-20) is a database 

consisting of gray-scale images of 20 objects [56]. A black 

background setup was used, against which objects were 

placed on a motorized turntable. The turntable was rotated 

with respect to a fixed camera through 360 degrees to vary 

the object’s view. Images of the objects were observed at 

pose intervals of 5 degrees. This corresponds to 72 images 

per object. The database has two sets of images. The first 

set possesses 720 unprocessed images of 10 objects. The 

second encloses 1,440 size normalized images of 20 

objects. The objects in the COIL-20 dataset are presented 

in Figure 1. As an example, the 72 views of an object are 

displayed in Figure 2. 
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Fig. 1. The Objects in the COIL-20 Dataset 

 

Fig. 2: The 72 views of an object in the COIL-20 Dataset 

4.2 Experimental Results 

The programmed techniques are examined in the 

following manner. The COIL-20 dataset is separated in to 

different disjoint sets, one employed for the training phase 

and the other for testing. Four different datasets are formed 

from the COIL-20 dataset. Each consists of 6, 12, 24 and 

36 images with a separation of 60o, 30o, 15o and 10o 

respectively. The fact that the system is tested on a set 

different from the one used for training is a crucial factor 

for determining the capability of the system in 

generalizing to different views. Initially, all the 

programmed techniques are trained with the images in the 

training dataset. Afterwards, the images in the test dataset 

are given as input for examining the recognition accuracy 

and false positives of the Object recognition techniques. 

The results of the experiments are illustrated in Table 1. 
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Table 1: Results of experiments 

Techniques Training 

Set size 

Degree 

(○) 

Accuracy 

(%) 

False Positives 

(%) 

PCA 

 

36 10 97.22 2.78 

24 15 77.08 22.92 

12 30 76.66 23.34 

6 60 42.42 57.58 

k-NN 36 10 97.22 2.78 

24 15 80.12 19.88 

12 30 79.37 20.73 

6 60 48.62 51.38 

HMM 36 10 100 0 

24 15 82.58 17.42 

12 30 81.47 18.53 

6 60 54.38 45.62 

SVM 36 10 100 0 

24 15 83.59 16.41 

12 30 82.58 17.42 

6 60 60.72 39.28 

5. Conclusion 

The eventual scientific challenge of computer vision is 

object recognition, in a broader sense, scene understanding. 

To solve the problem of identifying objects the computer 

vision community has spent a great deal particularly in 

latest years.  Intended for a lot of reasons object 

recognition is computationally hard, but the most basic is 

that any single object can produce an infinite set of diverse 

images on the retina, owing to deviation in object position, 

scale, pose and illumination, and due to the occurrence of 

visual clutter. In this paper, four vital pattern recognition 

approaches for object recognition in digital images are 

investigated. The investigated techniques are PCA, HMM, 

SVM and k-NN. The comparison has been performed in 

terms of recognition accuracy and false positives. The 

Columbia Object Image Library (COIL-20) is utilized in 

the investigation of the selected techniques. 
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Abstract-The paper concentrates on the fundamental coordination problem that requires a network of agents to achieve a 

specific but arbitrary formation shape. A new technique based on complex Laplacian is introduced to address the problems 

of which formation shapes specified by inter-agent relative positions can be formed and how they can be achieved with 

distributed control ensuring global stability. Concerning the first question, we show that all similar formations subject to 

only shape constraints are those that lie in the null space of a complex Laplacian satisfying certain rank condition and that 

a formation shape can be realized almost surely if and only if the graph modeling the inter-agent specification of the 

formation shape is 2-rooted. Concerning the second question, a distributed and linear control law is developed based on the 

complex Laplacian specifying the target formation shape, and provable existence conditions of stabilizing gains to assign 

the eigenvalues of the closed-loop system at desired locations are given. Moreover, we show how the formation shape 

control law is extended to achieve a rigid formation if a subset of knowledgable agents knowing the desired formation size 

scales the formation while the rest agents do not need to re-design and change their control laws. 

 

Index Terms—Distributed control, formation, graph Laplacian, multi-agent systems, stability 

 

I. INTRODUCTION 

 

In recent years, there has been a tremendous surge of 

interest among researchers from various disciplines of 

engineering and science in a variety of problems on 

networked multi agent systems. Modelling the interaction 

topology of distributed Agents as a graph, a main stream 

of research ([3], [23], [28], [31], and [35]) concentrates on 

understanding and designing the mechanisms from the 

structure point of view on how collective behaviours 

emerge from local interaction in absence of high level 

centralized supervision and global information exchange. 

An interesting example and area of on-going research is 

the control of teams of autonomous mobile robots, 

unmanned aerial vehicles (UAVs), and autonomous 

underwater vehicles (AUVs), so that they work 

cooperatively to accomplish a common goal without 

centralized control and a global coordinate system. As 

teams of agents working together in formation can be 

found in various applications such as satellite formation 

flying, source seeking and exploration, ocean data 

retrieval, and map construction, much attention has been 

given to the control of formations. Studies concerning this 

subject focus primarily on the formation architecture as 

well as the stability of the formation systems. The former 

mainly concentrates on defining formation using graph-

theoretic rigidity [4], [16], [17], [22],[33], [40], while the 

latter concerns stabilization to a formation[7], [8], [10], 

[24], [32], [38], [39] and control of formation shape in 

moving [3], [5], [12]-[14], [20].With regard to rigid 

formations, there have been several types of control 

strategies, e.g., affine feedback control laws[1], [2], [10], 

[18], [25], [29], [34], nonlinear gradient control laws [8], 

[13], [20], [24], [38], and very recently, angle-based 

control algorithms [6], [21], [30]. The goal is to achieve 

affirmation with a determined size, which has only 

freedoms of translations and rotations. On the other hand, 

[9] studies the formation control problem with the 

objective of steering a team of agents into a formation of 

variable size. By allowing the size of the formation to 

change, the group can dynamically adapt to changes in the 

environment such as unforeseen obstacles, adapt to 

changes in group objectives, or respond to threats. In this 

paper, we concentrate on the fundamental coordination 

problem that requires the agents to achieve a specific but 

arbitrary formation shape. By formation shape, we are 

referring to the geometrical information that remains when 

location, scale, and rotational effects are removed. Thus, 

formation shapes invariant under the Euclidean similarity 

transformations of translation, rotation and scaling. The 

formation shape control problem is of its own interest if 

the agents do not have notion of the world coordinate 

system’s origin as well as unit of length or if the goal is to 

just form a pattern such that the agents can then agree on 

their respective roles in a subsequent, coordinated action. 

Moreover, formation shape control also serves as a basis 

for rigid formation control. As we show in this paper, 

when formation shape control is possible, a task of rigid 

formation control can be accomplished with a subset of 

knowledgeable agents knowing the desired formation size, 

for which the advantage is that the rest agents do not need 

to redesign and change their control laws in order to 

achieve the desired formation scaled by the desired size. In 

this context, the main research questions are which 

formation shape specified by inter-agent relative positions 

can be formed and how they can be achieved with 
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distributed control ensuring global stability. Concerning 

the first question, we introduce the notion of similar 

formation and show that all similar formations subject to 

only shape constraints are those that lie in the null space of 

a complex Laplacian satisfying certain rank  condition. 

Moreover, we prove that an equivalent graphical condition 

such that a formation shape can be realized is that the 

graph modelling the inter-agent specification of the 

formation shape is 2-rooted. This is a kind of new 

connectivity in graph theory, meaning that there exists a 

subset of two nodes from which every other node is 2-

reachable. Concerning the second question, we develop a 

distributed and linear control law that is based on the 

complex Laplacian specifying the target formation shape 

and can be locally implemented byonboard sensing using 

relative position measurements. It is shown that for almost 

all complex Laplacian specifying the target shape, 

stabilizing gains exist to ensure not only globally 

asymptotic stability but also other performance 

specifications such as robustness and fast convergence 

speed by assigning the eigenvalues of the closed-loop 

system at desired locations. A procedure is also provided 

on how to find stabilizing gains. In addition, we show how 

the formation shape control law is extended to achieve a 

rigid formation with the formation size Controlled by at 

least a pair of agents when they know the desired 

formation size. The contributions of the paper are three-

fold. First, the paper presents a systematic approach based 

on complex Laplacianfor the formation shape control 

problem that is significant in the field. The work is an 

extension of our conference paper [37], including new 

developments on systematic construction of complex 

Laplacian for a given target formation shape, on finding 

stabilizing gains arbitrarily assigning the eigenvalues of 

the closed-loop system, and on how a rigid formation can 

be accomplished by controlling a subset of agents while 

the remaining agents still implement the same formation 

shape control law. Second, it provides a new way for rigid 

formation control by imposing one edge length constraints. 

Compared with globally rigid formation specified by 

integrant distances and nonlinear gradient control laws, the 

approach requires much less relative position 

measurements. Also, the approach makes possible that a 

large number of agents achieve a rigid formation almost 

globally by combining the nonlinear gradient control laws 

for a small number of agents to attain the edge length 

constraints, which are well studied with ensured almost 

global stability properties ([7], [8], [15], [20], [38]), and 

the simple linear formation shape control laws for the 

remaining agents. The approach has an advantage that a 

group of agents can easily change their formation size 

without a re-design of the control laws for all the agents. 

This property is more desirable in situations where the 

environment change is only observed by a minority of 

agents in the group. Most importantly, duet the use of 

linear control laws by most agents, it brings the hope by 

extending the approach to solve those challenging 

formation control problems in the setup of directed (time 

varying) topology and in higher dimensional spaces. Third, 

the work provides an original analysis for understanding 

the relationship between complex graph Laplacian and 

graphical connectivity, which researchers from other 

disciplines may be interested in. Though the paper mainly 

focuses on the formation control problem of networked 

agents in the plane. The methods however, are general, 

and they have applicability beyond multi robot formations, 

e.g., distributed beam forming of communication systems 

and power networks where a pattern in the state is an 

objective. The organization of the paper is as followers. 

We review the notations and some knowledge of graph 

theory in Section Iain Section III necessary and sufficient 

(algebraic and graphical) conditions are analysed for 

similar formations. Global stabilization and stability 

analysis of multi-agent formations are presented in Section 

IV. Simulation and experiment results are given in Section 

V. Section VI concludes our work and points out several 

open problems along the path introduced in the paper.  

 

II. NOTATION AND GRAPH THEORY 

 

A. Notation 

We denote by C and R the set of complex and real 

numbers, respectively. ι= √−1denotes the imaginary unit. 

For acomplex number 𝑝 ∈ 𝐶, |𝑝|represents its modulus. 

For a set𝜀, |𝜀|, represents the cardinality. 1n represents the 

n-dimensional 

vector of ones and In  denotes the identity matrix of order 

n. A block diagonal matrix, which has main diagonal 

block matricesA1, . . ., Anand off- diagonal blocks zero 

matrices, is denoted 

asbd [A1, . . ., An]. 

 

B. Graph Theory 

An undirected graph 𝐺 = (𝑉, 𝜀)consists of a non-empty 

node set V={1,2,..,n}and an edge set 𝜀 ⊆ 𝑉 × 𝑉where an 

edge of G   is a pair of un-ordered nodes. Undirected 

graphs can beconsidered as a special class of directed 

graphs with theedges consisting of pairs of ordered nodes, 

called bidirectional graph, for which each edge is 

converted into two directed edges, (i,j) and (j,i) In what 

follows we use the notion of bidirectional graph (or simply 

a graph for short) because the graph model we study is 

topologically equivalent to an undirected graph but 

different weights are considered on the edges of different 

order for the same pair of nodes. However, the graphical 

representation of undirected graphs is still used throughout 

the paper (i.e., we draw a line rather than two lines with 

arrows in the graph as the edges). A walk in a graph G is 

an alternating sequence 𝑝: 𝑣1𝑒1𝑣2𝑒2…𝑒𝑘−1𝑣𝑘of nodes 𝑣𝑖 
and edges 𝑒𝑖 such that 𝑒𝑖 = (𝑣𝑖 , 𝑣𝑖+1)for every 𝑖 =
 1, 2, . . . , 𝑘 − 1.We say that 𝑝is a walk from 𝑣1to 𝑣𝑘.If the 

nodes of a walk 𝑝are distinct, 𝑝ia a path. 𝑣1 And𝑣𝑘 are 

called terminal nodes and other nodes are called internal 

nodes. A path is called Hamiltonian path if it visits every 

node in the graph exactly once. Throughout the paper, we 

let 𝑁𝑖 = {𝑗: (𝑗, 𝑖) ∈ 𝜀}. In the paper, we assume that a 

bidirectional graph does not have self-loops, which means 

𝑖 ∉ 𝑁𝑖 for any node i.Next, we introduce two concepts. 
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Definition 2.1: For a bidirectional graph𝐺 .a node 𝑣is said 

to be 2-reachable from a non-singleton set U of nodes if 

there exists a path from a node in U to v after removing 

any one node except node v 

Definition 2.2: A bidirectional graph 𝐺is said to be 2-

rooted if there exists a subset of two nodes, from which 

every other node is 2-reachable. These two  

 

 
Fig. 1. Graphs that is 2-rooted and not 2-rooted 

 

Nodes are called roots in the graph. Consider for example 

the graphs in Fig. 1. In Fig. 1(a), let U={1,2} and it can be 

checked that node 3 is 2-reachable from  U as after 

removing any one other node we are still able to find a 

path from a node in U to node 3. Similarly, it is known that 

node 4 and 5 are also 2-reachable from U in Fig. 1(a). 

Thus the graph in Fig. 1(a) is 2-rooted with the two roots 

being nodes1 and 2. In Fig. 1(b), the graph is 2-rooted as 

well and any two nodes can be considered as roots in the 

graph. In Fig. 1(c), again let U={1,2 } and it is known that 

node 3 is not 2-reachable from the set U as if we remove 

node 4, there is no path anymore from any node in U to 

node 3. Furthermore, it can be verified that no matter how 

we select a subset of two nodes, there always exists 

another node that is not 2-reachable from the selected 

subset of nodes. Therefore, the graph in Fig. 1(c) is not 2-

rooted. 

 

Finally, we introduce a complex Laplacian for a 

bidirectional graph. The complex-valued Laplacian L of a 

bidirectional graph G is defined as follows: The ij
th

entry 

𝐿(𝑖, 𝑗) =

{
 
 

 
 −𝑤𝑖           𝑖𝑓 𝑖 ≠ 𝑗 𝑎𝑛𝑑 𝑗 ∈ 𝑁𝑖
  0              𝑖𝑓 𝑖 ≠ 𝑗 𝑎𝑛𝑑 𝑗 ∉ 𝑁𝑖

∑𝑤𝑖,𝑗
𝑗∈𝑁𝑖

                       𝑖𝑓 𝑖 = 𝑗
 

 

Where𝑤𝑖𝑗 ∈ ℂ Note that the graph is a bidirectional graph, 

so the pattern of zero and nonzero entries of L is 

symmetric, but L may not be symmetric due to possibly 

different weights on the edges of the same pair of nodes 

but with different order.  

 

The definition of complex Laplacian is nothing new from 

real Laplacian except that the nonzero entries can be 

complex numbers. Consequently, it is also true that a 

complex Laplacian has at least one eigenvalue at the origin 

that’s associated 

Eigen vector is 1n (namely, L1n=0).  

 

A permutation matrix is a square binary matrix that has 

exactly one entry 1 in each row and each column and 

0’selsewhere. Renumbering the nodes of a graph is 

equivalent to apply a permutation transformation to the 

Laplacian. That is, 𝐿′ = 𝑃𝐿𝑃𝑇where Land L’are the 

Laplacian before and after renumbering the nodes, and P is 

the corresponding permutation matrix.   

 

III. NECESSARY AND SUFFICIENT CONDITIONS 

FOR SIMILAR FORMATIONS 

 

A. Overview of Rigid Frameworks With Distance 

Specifications 

To introduce the notion of similar formation we will 

embed a graph in the complex planeℂ as as a framework. 

Let 𝐺 = (𝜈, 𝜀)be a bidirectional graph with n nodes. We 

embed G into ℂassigning to each node i a location 

(complex number) 𝜉𝑖 ∈ ℂ 

In a reference frameΣ. Define the n-dimensional composite 

complex vector 𝜉 =  [𝜉1, 𝜉2, . . . , 𝜉𝑛]𝑇 ∈ C𝑛 

 
Fig. 2   (a) Not rigid. (b) Rigid but not globally rigid. (c) Globally rigid. 

 

Formation configuration 

in the reference frame Σ. A framework is a pair (G, 𝜉) 

Throughout the paper, we assume that 𝜉𝑖 ≠ 𝜉𝑗 and 𝑖 ≠

𝑗meaningthat no two nodes are  overlapping each other. In 

the following, we review a little bit about rigidity of 

graphs using the distance specifications. The materials 

below are taken from [24]. Associated with the framework 

(G, 𝜉),  define a function  𝑔: ℂ𝑛 → ℝ|ℰ|by 

 

𝑔(𝜉) ≔ [… |𝜉𝑖 − 𝜉𝑗|
2
… . ]𝑇  

Called a rigid function. The kth component of (𝜉), |𝜉𝑖 −

𝜉𝑗|
2
 , corresponds to the edge 𝑒𝑘𝜖 𝜀where nodes i and j are 

connected by 𝑒𝑘and specifies a desired edge length 𝑑𝑘. Let 

𝑑 = [… . 𝑑_𝑘 … . ]𝑇be the composite vector describing 

thedistance specifications on the edges in G. Then the 

notions of rigidity and global rigidity can be stated as 

follows. 

Definition 3.1: A framework (𝐺, 𝜉)specified by 𝑔(𝜉) =
𝑑is rigid if there exists a neighbourhood ℬ ⊂ ℂ𝑛 of 𝜉such 

that 

𝑔−1(𝑑) ∩  ℬ = {𝑐11𝑛 + 𝑒
𝑖𝜃𝜉:  𝑐1 ∈  ℂ 𝑎𝑛𝑑 𝜃 ∈ [0,2𝜋)} 

Definition 3.2: A framework (𝐺, 𝜉)specified by 𝑔(𝜉) =
𝑑is globally rigid if 

𝑔−1(𝑑) = {𝑐11𝑛 + 𝑒
𝑖𝜃𝜉:  𝑐1 ∈  ℂ 𝑎𝑛𝑑 𝜃 ∈ [0,2𝜋)} 

 

The level set 𝑔−1(𝑑)consists of all possible points that 

have the same edge lengths as the framework (𝐺, 𝜉)The set 

𝑐11𝑛 + 𝑒
𝑖𝜃𝜉:  𝑐1 ∈  ℂ and  𝜃 ∈ [0,2𝜋)}consists of points 

related byRotations 𝜃and translations 𝑐1i.e., rigid body 

motions, of the framework  (𝐺, 𝜉)Therefore, a framework 

is rigid if thelevel set 𝑔−1(𝑑)in a neighbourhood of 

𝜉contains only pointscorresponding to rotations and 

translations of the formationconfiguration 𝜉.A framework 

is globally rigid if the level set 𝑔−1(𝑑) in  ℂ𝑛contains only 
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points corresponding torotationsand translations of the 

formation configuration 𝜉For example, consider the 

framework in Fig. 2(a). It is possible to translate only 

nodes 1 and 2, while maintaining the four edge lengths, to 

a formation that is not attained by rigid body motions, so 

the framework specified by 𝑔(𝜉) = 𝑑is not rigid. If we 

add one more edge to obtain a framework as in Fig. 2(b), 

the only motion to maintain the five edge lengths in the 

neighbourhood is a rigid body motion (rotations and 

translations). As a result, the framework is rigid. But node 

1can has a flip along the edge connecting 2 and 4, while 

the edge lengths are preserved, so it is not globally rigid. 

Fig. 2(c) shows a globally rigid framework. 

 

B. Linear Constraints and Similar Formations 

From the preceding subsection, it is clear that in order to 

make a framework rigid (or globally rigid), each node in 

the graph has to have at least two neighbours as otherwise 

if a node has only one neighbour, this node can swing 

around its neighbour. 

 

By observing this fact, we will then introduce a new linear 

constraint for a framework rather than the distance 

constraints on the edges of the graph. For each node i in 

the graph, since it has at least two neighbours, we can 

define a linear constraint for the framework as follows: 

∑𝑤𝑖𝑗
𝑗∈𝑁𝑖

(𝜉𝑖 − 𝜉𝑗) = 0 

For appropriate complex weights 𝑤𝑖𝑗defined on the edges 

linking to node i. The complex weights ake the relative 

state vectors rotated and scaled so that the summation 

becomes 0 for a given framework, and thus provide a 

linear constraint. Take Fig. 3 as an example. Node 3 has 

two neighbours (namely, 2 and 4). So the complex weights 

𝑤32 and 𝑤34rotate and scale the relative states 𝜉2 − 𝜉3 and 

𝜉4 − 𝜉3respectively so that the summation is zero as shown 

in Fig. 3. We should point out that the choice of such 

complex weights is not unique. 

 

Taking the linear constraint on every node, we derive a 

composite constraint for the framework as follows:𝐿𝜉 = 0 

Where is the complex Laplacian corresponding to the 

bidirectional graph G whose nonzero off-diagonal entry is 

−𝑤𝑖𝑗thenegative weight on edge (j, i). Now we are ready 

to introduce the notion of similar formation. 

 

Definition 3.3: A framework (𝐺, 𝜉)specified by 𝐿𝜉 = 0is 

similar if ker(𝐿) = {𝑐11𝑛 + 𝑐2𝜉:  𝑐1 𝑐2 ∈  ℂ} 

 

 
Fig. 3.Illustration of a linear constraint for a framework. 

 

Remark 3.1: Note that a complex number 𝑐2can be 

writtenin the polar coordinate form (namely 𝑐2 = 𝜌𝑒𝑖𝜃).So 

the solutions to the linear constraint 𝐿𝜉 = 0consist of 

points relatedby translations 𝑐1 rotations 𝜃, and scaling 

𝜌(four degrees offreedom). That is, the formations subject 

to the linear constraint  𝐿𝜉 = 0are scalable from the 

formation configuration 𝜉inaddition to rigid body motions 

(translations and rotations). Therefore, one additional 

distance constraint on an edge will make the framework 

become globally rigid. 

 

 
Fig. 4. A path graph of n nodes with its terminal nodes labelled 

as 1 and 2. 

 

C. Necessary and Sufficient Conditions 

In this subsection we are going to explore the necessary 

and sufficient algebraic and graphical conditions for 

similar frameworks. 

 

Theorem 3.1: A framework (𝐺, 𝜉)specified by  𝐿𝜉 = 0 is 

similar if and only if 𝑟𝑎𝑛𝑘(𝐿)  =  𝑛 − 2. 
Proof: (Sufficiency) L has a zero eigenvalue with an 

associated eigenvector 𝜉  because 𝐿𝜉 = 0Furthermore, 

since L is a Laplacian matrix, so 1𝑛 = 0, meaning that 

1𝑛isanother eigenvector associated with the zero 

eigenvalue. Thetwo eigenvectors 𝜉 𝑎𝑛𝑑1𝑛are linearly 

independent because 𝜉𝑖 ≠ 𝜉𝑗moreover, by the assumption 

rank(𝐿)  =  𝑛 − 2.we know that L has only two zero 

eigenvalues. Thus the null space of L is 𝑐11𝑛 +
𝑐2𝜉:  𝑐1 𝑐2 ∈  ℂand so the framework (𝐺, 𝜉)specified by 

𝐿𝜉 = 0is similar (Necessity) suppose on the contrary that  

𝑟𝑎𝑛𝑘(𝐿)  ≠ 𝑛 − 2. 
Then 𝑟𝑎𝑛𝑘(𝐿)must be less than 𝑛 − 2since we already 

have 𝐿𝜉 = 0and𝐿1𝑛 = 0. Thus, it follows that the null 

space of  L is of 3-dimension at least and ker(𝐿) ≠
{𝑐11𝑛 + 𝑐2𝜉:  𝑐1 𝑐2 ∈  ℂ}, which contradicts to the 

condition that the framework specified by 𝐿𝜉 = 0is 

similar.  

 

Theorem 3.1 presents an algebraic condition requiring 

to check whether 𝑟𝑎𝑛𝑘(𝐿)  ≠ 𝑛 − 2. 
We give a graphical condition. 

 

Theorem 3.2: A framework (𝐺, 𝜉)specified by  𝐿𝜉 =
0(foralmost all L satisfying 𝐿𝜉 = 0is similar if and only if 

G is 2-rooted. The proof requires a lemma. 

 

Lemma 3.1: Consider a framework (𝐺, 𝜉)where G 

is a path graph of 𝑛nodes with its terminal nodes labeled 

as 1 and 2 (Fig. 4). If 𝜉𝑖 ≠ 𝜉𝑗for𝑖 ≠ 𝑗,then there exists a 

complex Laplacian 

𝐿 = [
𝐴2×2 𝐵2×(𝑛−2)

𝐶(𝑛−2)×2 𝐷(𝑛−2)×(𝑛−2)
] 

such that 𝐿𝜉 = 0and 𝐷is of rank𝑛 −  2. 
Proof: If necessary, relabel the internal nodes of the path 

graph G in an order from 3 to 𝑛as shown in Fig. 4. 

Underthis labelling scheme, it is then clear that 𝐷is tri-
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diagonal.Denote the first row of 𝐷by 𝑑1
𝑇and the remaining 

rows of 𝐷 by �̅�Moreover, note that node 1 has only one 

neighbor (namely, node 3), so in the first column of 𝐶only 

the (1,1)- entry is nonzero by the definition of 𝐿Denote the 

(1,1)-entry of 𝐶by  𝑐1Then we can write 𝐶 as  

C= [
𝑐1 0
0 𝑐2̅

] 

 

Where 𝑐2̅  ∈ ℂ
(𝑛−3)From the definition of Laplacian, it 

followsthat𝑐1 = −𝑑1
𝑇 1, 𝑐2̅ = −�̅�1 

 

Suppose for an𝐿satisfying 𝐿𝜉 = 0 that 𝐷is not of rank 

𝑛 − 2.Moreover, notice that the rows of   �̅� are linearly 

independent.So there must exist an(n −3)dimensional 

vector 𝜆such that𝑑1
𝑇 = 𝜆𝑇�̅�Moreover, using (1), we obtain 

that𝑐1 = 𝜆
𝑇𝑐2̅ ≠ 0From𝐿𝜉 = 0, thus we have 

 

𝑐1𝜉1 + 𝑑1
𝑇𝜉′ = 0             (2) 

 

and 

𝑐2̅𝜉2 + �̅�𝜉
′ = 0    (3) 

Where 𝜉′is the sub-vector formed by the last n −2 entries 

of 𝜉.Pre-multiplying 𝜆𝑇to (3) and using𝑐1 =  𝜆𝑇𝑐2̅ and  

𝑑1
𝑇 = 𝜆𝑇�̅� results in 

𝑐1𝜉2 + 𝑑1
𝑇𝜉′ = 0            (4) 

Comparing (4) and (2) we obtain that𝜉1 = 𝜉2a 

contradiction. 

Therefore, D is of rank 𝑛 −  2. 

 

 
Fig. 5. Example of the relabeling procedure, where U0 = {1, 2}, 

U1 = 

{3, 4, 5}, and so on. 

 

Proof of Theorem 3.2: (Sufficiency) If G is 2-rooted, then 

from Definition 2.2, there is a subset of two nodes, from 

which every other node is 2-reachable. Without loss of 

generality, denote the subset by 𝑈0and label the two nodes 

in 𝑈0 by 1and 2. Select any node i not in 𝑈0 and then we 

can find twodisjoint paths (no common nodes in these two 

paths except i)from 1 to i and from 2 to i since node i is 2-

reachable from𝑈0. Denote the set of nodes in these two 

paths excluding thenodes in 𝑈0 by 𝑈1 and denote 𝑛1 the 

total number of nodes in 𝑈1. Relabel the nodes in 𝑈1 from 

3 to 𝑛1 + 2. The next stepis then to select another node, say 

j, not in 𝑈0 ∪ 𝑈1 . Also, because node is 2-reachable 

from𝑈0, there must be twodisjoint paths from two different 

nodes in 𝑈0 ∪ 𝑈1to node j, for which only the two 

terminal nodes are in 𝑈0 ∪ 𝑈1. Denote𝑛2the total number 

of nodes in these two paths excluding the two terminal 

nodes in 𝑈0 ∪ 𝑈1and relabel these nodes from 

𝑛1 + 3 to𝑛1 + 𝑛2 + 2. Repeat the procedure until all the 

nodes are included. An illustration is presented in Fig. 5. 

According to the procedure, it is clear that∑ 𝑛𝑖  +  2 𝒊 =  𝑛 

Take the graph G’with only edges included in the paths in 

the procedure. It is a subgraph of G with the same node 

set. 

Notice that if a node i in 𝑈𝑚1 is also a terminal node of 

some paths composed of nodes in 𝑈𝑚2 for some 𝑚2 > 𝑚1  

, this node has more than two neighbours as it already has 

two neighbours in𝑈𝑘=0,….,𝑚1  𝑈𝑚1𝑈𝑘 

So we can select 0 for the complex weight 𝑤𝒊,𝑗where𝑖 ∈

𝑈𝑚1 and  𝑗 ∈ 𝑈𝑚2 with 𝑚2 > 𝑚1  

Thus, the Laplacian L’ is of the following form: 

𝐿′ = [

𝐿0 ∗ ∗ ∗
∗ 𝐿0 0 0
∗ ∗ 𝐿0 0
… … … …

] 

where𝐿𝑖is the corresponding block to the the subgraph 

induced by𝑈𝑖in G’ By our construction, we know that the 

subset 𝑈𝑖of nodes together with its two terminal nodes 

forma path graph. Thus, by applying Lemma 3.1 it follows 

thatrank(𝐿𝑖) = 𝑛𝑖. Considering the particular structure of L’ 

we know that 

𝑟𝑎𝑛𝑘(𝐿′) ≥ ∑ 𝑟𝑎𝑛𝑘(𝐿𝑖)

𝑖=1,…

=  ∑ 𝑛𝑖
𝑖=1,…

= 𝑛 − 2 

 

Notice that L’can be considered as a Laplacian of the 

graph G for a special choice of weights with some being 0. 

Thus, by using the fact that either a polynomial is zero or it 

is not zero almost everywhere, it follows that for almost all 

complex weights satisfying𝐿𝜉 = 0, there exists a non-zero 

principalminor of (n −2)th order. Therefore, 𝑟𝑎𝑛𝑘(𝐿) ≥ n 

−2. On the other hand, since 𝜉and 1𝑛are two independent 

eigenvectorsof L corresponding to the zero eigenvalue, we 

have rank(L) =n −2. As a result of Theorem 3.1, the 

framework (G, 𝜉) specifiedby 𝐿𝜉 = 0(for almost all L 

satisfying 𝐿𝜉 = 0) is similar.(Necessity) We prove it in a 

contrapositive form. Supposethat the graph G is not 2-

rooted. As a result, we cannot find two nodes to be roots 

from which all the nodes are 2-reachable.Since 𝐿𝜉 = 0 and 

L1 = 0, there must be two rows of L, say 𝑙𝑞and 𝑙𝑝, which 

can be transformed to zero vectors by elementaryrow 

operations. Choose the two nodes p and q corresponding to 

the two rows as roots and after removing a node, some 

node sare not reachable from the subset of roots. Without 

loss of generality, suppose after removing a node k there 

exist a subset W consisting of k −1 nodes which are not 

reachable from any root and a set�̅�consisting of n − k 

nodes which are reachable from one of the roots. Relabel 

the nodes in W as 1, . . . , k -1and relabel the nodes in �̅�as 

k + 1, . . . , n. Then it is certain that the nodes in W are not 

reachable from any node in �̅�.Equivalently, L(i, j) = 0 for 

𝑖 ∈  𝑊 and 𝑗 ∈ �̅�. Thus L is of the following form: 

[
𝐿𝑤 𝑐𝑤 0
∗ ∗ ∗

] 

 

Where  𝐿𝑤 ∈  ℂ
(𝑘−1)×(𝑘−1) and 𝐶𝑤 ∈  ℂ

(𝑘−1))Denote the 

formationconfiguration 𝜉after relabelingby[𝜉𝑎
𝑇 , 𝜉𝑏

𝑇]𝑇 where 
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𝜉𝑎 ∈ ℂ
𝑘 and 𝜉𝑏 ∈   ℂ

𝑘−2According to the definition of L, 

then we have [𝐿𝑤𝑐𝑤]1𝑘 = 0  and [𝐿𝑤𝑐𝑤]𝜉𝑎= 0 As 𝟏𝒌and 

𝜉𝑎are linearly independent by assumption, thenRank 

([𝐿𝑤𝑐𝑤]) ≤ 𝑘 − 2. That is, there exists a row which canbe 

turned into the zero vector under elementary row 

operations.Therefore, rank(L) ≤ 𝑛 − 3, or equivalently by 

Theorem 3.1, it is not true that the framework (G, ξ) 

specified by Lξ= 0 is similar.  

 

 
Fig. 6. If a graph G is not 2-rooted then the framework (G, ξ) 

specified by the distance constraint g(ξ) = d is not rigid. 

 

 
 

 
Fig. 7. Frameworks (G, ξ) specified by the distance constraint 

g(ξ) = d are not rigid, but they are similar when specified by the 

linear constraint Lξ= 0. 

 

Theorem 3.2 shows that 2-rooted connectivity is a 

necessary and sufficient condition for a framework (G, ξ) 

specified by the linear constraint 𝐿𝜉 = 0  to be similar for 

almost all complexLaplacian L(G). 

 

Remark 3.2: It is worth to point out that a graph G (ofn ≥3 

nodes) for a rigid framework (G, 𝜉) using the 

distanceconstraint g(𝜉) = d must also be 2-rooted. This can 

be seen by the following fact. If G is not 2-rooted, then for 

any sub set of two nodes, there always exists another node 

that is not 2- reachable from the subset. That is, after 

removing a node, the graph can be divided into at least two 

sub graphs that are not connected to each other. An 

example is given in Fig. 6, for which after removing node 

3, it results in three sub graphs that are not connected. This 

means, in addition to rigid body motions, another motion 

exists while preserving the distance constraint g(𝜉) = d 

[see for example Fig. 6(a) and 6(b)].However, the reverse 

is not true. In other words, to make a framework (G, 𝜉) 

specified by the distance constraint g(𝜉) =d rigid, the graph 

G requires more links than just 2-rootedconnectivity. From 

the well-known result by Lama in 1970[26], the minimal 

requirement for a framework specified by g(𝜉) = d to be 

rigid is that the graph should have at least 2n -3edges 

where n is the number of nodes. From our analysis we can 

know that the minimally 2-rooted graph requires only n -

1edges, which corresponds to the path graph. So it requires 

much less links when specifying a similar framework in 

terms of the linear constraint 𝐿𝜉 = 0.In Fig. 7, both (a) and 

(b) are not rigid if the framework isspecified by the 

distance constraint g(𝜉) = d, while they are similar if the 

framework is specified by the linear constraint𝐿𝜉 = 0. Fig. 

7(b) is a minimally 2-rooted graph that has onlyn −1 

edges. 

 
Fig. 8. Example of weight selection for a node having two 

neighbors 

 

 
Fig. 9. Example of weight selection for a node having more than 

two neighbors 

 

D. A Systematic Approach for the Construction of L 

In the following, we present a systematic approach for the 

construction of L from the individual viewpoint. That is, 

for a given 2-rooted graph G and a formation configuration 

ξ, each agent i finds the weights wij’s for j ∈ Ni such that 

Lξ= 0. 

As we discussed above, every node of a 2-rooted graph has 

at least two neighbors. In the following, we consider two 

cases. First, consider the case that node i has exactly two 

neighbors. Suppose without loss of generality, its two 

neighbors are j and k. Then the weights wij and wik can be 

parameterized as follows: 

 

[wijwik] = p1i[ ξk−ξiξi−ξj ] 

 

Where p1iis a nonzero complex number and can be chosen 

randomly. That is, [wijwik] is in the linear span of [ξk 

−ξiξi−ξj ]that solely depends on the formation 

configuration ξ. An example is given in Fig. 8.Second, 

consider the case that node ihas more than two neighbors. 

Say without loss of generality that it has totallym (m >2) 

neighbors, labelled by i1, . . . ,im. Select any two 
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neighbors, denoted by ij and ik, from the m neighbors, and 

define an m-dimensional vector ζh with the ijth entry 

beingξik−ξi, the ikth entry being ξi−ξij, and the others 

being zero. Note that there are totally C2m(the binomial 

coefficient) selections of two neighbors out of mneighbors. 

Thus, theweights wii1, . . . ,wiimcan be parameterized as 

follows: 

 

[wii1···wiim] =C2m_h=1phiζh (5)wherephi , h = 1, . . . ,  

 

C2m, is a nonzero complex number and can be chosen 

randomly. An illustrative example is given Fig. 9(a) for 

which node 1 has three neighbors. So it has three choices 

of selecting any two neighbors as shown in Fig.9(b)-(d). 

Then the weight vector is a linear combination according 

to (5). 
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ABSTRACT 

Wearing out of roads which causes cracks and potholes is a serious, commercially very expensive, time consuming and 

such an issue, that it not only can, but indeed always results in road mishaps, fatal accidents and so on. Also it is an issue 

which keeps on growing as the time ticks, which is dangerous not only to elderly or sick people, small vehicles, but also 

bigger vehicles with enormous damages to life and property. Potholes are risk towards road safety and travel efficiency. 

So there is a dire need to reduce driving hazards due to such dangerous road deformations/potholes by using Real-time 

detection and warning systems. In this paper, the method proposed, portrays a combination of Structured-Light 

generator (line laser) for plotting, measuring 2D deformations and image processing using Spectral-Clustering for 

rough estimation of the distress present on the road, which together will continuously monitor road for real time pothole 

detection. 
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1. INTRODUCTION 

Indian roads are prone to lot potholes and cracks especially caused during rainy season and that is when a lot 

of people suffer. These cracks and potholes formed during rainy season continue to affect road transport 

throughout the year. Damaged city roads are generally reported by media personals through their channels and 

also by people by clicking pictures of the roads and thus the road maintenance department come in play to 

analyse and plan for the road repair. This is a very slow and ineffective process and by the time road repairs 

are deployed the road has already suffered more damage. According to Road Accident Report published by 

the road transport and highways ministry, in 2015 around 3416 people were killed in accidents caused due to 

potholes[1]. Human beings have a natural tendency to get distracted while driving vehicles which may result 

in incoming deformity being neglected. Hence it's better to deploy a low cost system that can continuously 

monitor road surface attached to the vehicle because of which the driver can be warned whenever there is a 

presence of serious deformity irrespective whether he/she is looking on the road or not  

There are various methods for automatic detection and being developed and improved which are based on the 

use of expensive technologies like magnetic vibration, developing 3D reconstruction of deformity using stereo 

cameras. Both methods have their respective drawbacks when real time, low cost and compact design are the 

priorities. Magnetic method uses accelerometers and costly magnetic variation sensing system which is 

attached in the vehicle suspension system where the vehicle‟s wheels have to traverse through the deformities 

to detect them. Stereo cameras also need expensive laser scanners which have high computing complexity as 

they generate highly details image of the deformations thus requiring high cost computers. 
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Here the main goal is to develop an algorithm which is simple for computing in real time to achieve high 

speed detection, highly cost effective and compact system that can be implemented over the front top of the 

vehicles. Vision-based methods using key element to be camera have the potential to detected distress before 

the vehicle passes through it in real time. Hence the proposed method is being achieved implementing vision 

based approach combined with line laser light to gain effectiveness during twilight and night times and to 

estimate approximate depth of the deformity. Testing is being carried out to put this system in place for field 

trials and validation. Most of the proposed models need high configuration computers for distress detection 

owing to high cost. In addition to detection, the data collected from vehicles including their locations can be 

logged-in and shared to aid other drivers and road maintenance agencies to take evasive action if potholes are 

detected in real-time, since economics and time lapses are at the root of all such endeavour. 

 

2. RELATED WORK 

The study conducted for structuring this project focuses on the application of image processing for 

segmentation for differentiating of road defects from plain road and other surrounding objects. As mentioned 

earlier other two approaches are with the use of expensive stereo cameras and laser scanners for 3D 

reconstruction which have computing complexity and vibration based which has a few drawbacks like only the 

cracks and potholes will get logged from where vehicle wheels traverse through the deformities and not the 

ones which pass between the two side wheels. As described in paper by Emir Buza where Otsu thresholding 

method is used which segments images to obtain binary images from grayscale. Spectral clustering is then 

employed for determining shapes of irregular objects like road deformities from the selected images. In this 

shadows of surrounding objects and manhole covers can also get tagged as potholes and may not perform well 

in low light conditions[2]. AjitDanti and SeungkiRyu presented a novel approach by first using lane detection, 

then mapping a virtual polygon considering the lanes as sides of the polygon and then defined it as Region of 

Interest thus extracting a small part of the incoming video to reduce the processing load on the system and then 

by inspecting various features, such as the length, area, variance, and trajectory pothole extraction has been 

carried out. The important part in this is that not all roads have lane lines are present and in such situation by 

fixing lane vanishing point the unknown lane line is plotted virtually. They have implemented this is a 

commercially available black box camera embedded system; due to which this implementation technically 

faces limitation of the processing capabilities of that embedded system and also future modifications may not 

be possible[2 & 3]. In paper by Christoph Mertz, another novel approach by using line laser light projected on 

the road surface that helps in two ways: one for highly detailed 3D profiling of the road damages and other for 

plotting basic 2D graphical representation of the road deformations which can be well be used for filtering 

shadows and other objects that may get tagged as deformities which would be an improvement over the use of 

simple spectral clustering method [4]. But use of this system may not work effectively while in broad daylight 

but will generate one of the best results at night time. Thus this paper presents a combination of lane detection, 

laser and spectral clustering of the road for accurate detection of potholes and cracks well in advance before the 

vehicle passes over it. 

 

3. METHODOLOGY 

For the realization of this project, there are 3 major components being used which are a mini-low-cost 

computer, a high definition 1080p camera and line laser light diode. A display and a warning system consisting 

of LED and buzzer will be implemented to warn the driver. 

3.1 Image Segmentation 

Image Segmentation consists of thresholding, clustering, texture and transforms methods. The intention behind 

segmentation is to represent an image in something which is more meaningful and easier to analyze. In this 

case thresholding and spectral clustering methods will be used for filtering, determining and detecting distress 

regions. 
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1) ROI selection:Video feed is taken from a high resolution camera, which is converted from RGB to grayscale 

video using formula {(0.3 * R) + (0.59 * G) + (0.11 * B)}. For contrast adjustment the grayscale frames 

histograms are equalized so that lane strips become brighter than the rest of the image. Lane detection 

algorithm works on the principle of HOUGH transformation. An array  𝜌 [𝜃] is used to count how many pixels 

belong to a line is done by Hough Transform as shown in figure 1. Lines having the highest pixel count are 

plotted on the input image and thus lane detection is performed. The two plotted lines tend to converge at a 

point is termed as vanishing point. Two horizontal lines are virtually plotted on the road image where one is at 

fixed distance from the vehicle front end and the other intercepts the vanishing point. A polygon is hence 

generated considering the two lane strips and the plotted horizontal lines. The coordinates of this polygon are 

tagged as (ROI) region of interest and are fed to the system for deformity detection process. This in turn 

reduces the area in each frame to be processed and also removes surrounding regions and vehicles in other 

lanes. For filtering out cars in the same lane car detection algorithm can be used so that system may not mistake 

them for being deformations. 

𝜌 = 𝑥𝑐𝑜𝑠𝜃 + 𝑦𝑠𝑖𝑛𝜃 

 
Figure 1: Hough transform for line plotting 

2) Thresholding: The region of interest previously determined is then processed for filtering of unwanted 

linear objects. In this case, Gaussian filter is first used to remove noise and then OTSU thresholding method 

[2], is used for converting grayscale images to binary forms based on the equation: 

𝑏 𝑥, 𝑦 =  
1,    𝑖𝑓 ℎ(𝑥, 𝑦) ≤ 𝑇
 0,   𝑖𝑓 ℎ(𝑥, 𝑦) ≥ 𝑇  

  

Where „T‟ stands for threshold value automatically generated depending on the different lighting conditions, 

b(x, y) is output binary image and h(x, y) is a histogram of grayscale equalized image. Thresholding is used to 

remove linear objects and connected shapes to the image boundary by using pixel filling method realized by 

inpainting function. 

3) Shape extraction: This constitutes a major part distress detection where regions to be detected have highly 

non-convex structure or in other words the measure of the center and spread of the cluster is not a suitable 

description of the complete cluster. Amongst various types of clustering methods, Spectral Clustering is a best 

method that groups pixels with similar properties with each other and then it performs dimensionality 

reduction to determine shape based on chain codes as shown in figure 2 and 3. This method starts at a small 

point and grows to determine horizontal and vertical lengths based on 4 bit and 8 bit connectivity as shown in 

figure 3. 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 2: (a) original pothole image, (b) Otsu image, (c) intermediate image, (d) clustered image[2] 

 

Figure 3: From left to right (a) 4 connectivity (b) example of 4 connectivity chain code, (c) 8 connectivity 

[5]  

 

For processing simplicity of the algorithm, a basic precompiled cluster structure from one pothole image will 

be used as seed for generating faster results from the incoming video frames. 

3.2 LASER 

To improve the related drawbacks of the shape extraction process, a simple line LASER (Light Amplification 

by Stimulated Emission of Radiation) diode is used which projects horizontal line laser on the road which is 

captured by the camera. This laser will act as a complementary system for improving results in the low light 

conditions For this the input video is converted from RGB (Red, Green, Blue) color model to HSV (Hue, 

Saturation, and Value) color model and specifying red color range in HSV model, to extract laser light from the 

rest of the video frames. The extracted laser line is then plotted on a 2D (X, Y) plot using the matplotlib feature 

as shown in figure 4. 

 

(a) 

 

(b) 

Figure 4: (a) damaged road snapshot, (b)Laser line deformation [4] 

The benefit of this is that the incident laser on the road will have constant length along the X axis and will be 

adjusted to remain constant at one particular value on the Y axis. Now, any deformation that is either embossed 

structures like speed breakers or a depressed structure as in cracks and potholes the part of laser line falling on 

them will deflect from the mean position on Y axis wherever the mentioned structures are present and the 

readings can be used to generate pothole structures in real time. The use of laser is beneficial while driving in 
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twilight and night time. This method can effectively filter manhole covers from getting detected as potholes by 

the previously mentioned image processing. The ideal working block diagram is depicted in figure 5. 

 
Figure 5: Overall working block diagram 

This is the proposed block diagram of the system. Here, video feed from the camera will be converted into 

grayscale and its histogram is equalized. This is done for contrast stretching which will enhance frames. 

HOUGH transform function is used to detect and draw line patterns which help in determining lanes on the 

roads. The lanes thus detected are selected for ROI selection so that overall there is a reduction of total frame 

size for computing. Gaussian filter is used to minimize noise in the frames. The next major for deformity 

detection is PCA is used which stands for Principal Component Analysis, analyzes data for identification of 

patterns. This process is first aided by using Dimensionality Reduction technique which reduces the 

dimensions of objects with minimal loss of information. These two sections together are termed as Spectral 

Clustering which is the main process for deformity detections. With this the required estimated shape of 

deformities are obtained and depending upon their composition such as area and dimensions, the deformity is 

either tagged as a pothole or is discarded. LASER line light is used as complementary to the image processing 

which will work well in twilight and night conditions. To filter out laser line, the same video feed is converted 

to HSV color space where the red color is filtered and tracked based on range of red color specified. This 

LASER ray is plotted on 2D graph as depicted in figure 4. A buffer range is giving so as to minimize errors 

caused due to negligible variations on the roads being tagged. This LASER will provide extra accuracy as 

roadside shadow, bridge joints and manhole covers will not be tagged as deformities unlike Spectral 

Clustering. Combining the results from both systems, pothole detection will be carried out and accordingly, a 

warning in form on audio visual will be generated for the driver to be alerted. 

 

4. IMPLEMENTATION & RESULTS 

The implementation this project is carried out using OpenCV library and Python which is a simple language in 

comparison with C++ and Java. OpenCV stands for Open Source Computer Vision is a very efficient library of 

functions for image processing. Other two important packages used here are numpy and matplotlib for realizing 

this project 

The camera will be installed in the center of front topmost location on the vehicle for the best possible view for 

the camera. Along with the camera, laser will be positioned besides it in such a way that the laser line falling on 

the road happens to be in the center of the image being captured 
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4.1 Results and discussion 

The algorithm developed so far can effectively segment video frames using Otsu Thresholding and binary 

frames are obtained which depict road distress in black color and in white as shown in figure 6 which has an 

average processing time of approximate 50 milliseconds per frame. 

 

(a) 
 

(b) 

 

(c) 

Figure 6: (a) original pothole image, (b) Otsu threshold, (c) rough pothole detection. 

To improve the area to be focused for distress processing is being achieved by a lane detection algorithm based 

on HOUGH transform due which a polygon bounded by the main two sides resulting due to lane detection. 

Otsu Thresholding will enable us to remove linear and connecting structure to the heavily distressed regions. 

The next and important step will be to randomly select a pothole image and apply Spectral Clustering algorithm 

and extract the distress region thus defining it as a seed for real time detection processing. A group of pixels 

defining the required distress data is termed as Super pixel or Seed, which will be used on the incoming video 

frames to generate and detect clusters which can be effectively shown in green boxes. Along with this, this 

method also uses a structured line laser light to be projected on the road that will help in effectively 

determining road deformations during twilight and night conditions thus rectifying errors caused by Spectral 

clustering method caused during low lighting condition. A warning in audio visual form will be given to the 

driver so that he can take necessarily actions to avoid it. The development of this project and algorithm is still 

under process and hence definitive results are yet to be generated and determined. 

TABLE 1: 

LIST OF TECHNICAL PARAMETERS AND MEASUREMENTS. 

Sr. no Parameters Measurements 

1 Frames/sec 30fps 

2 Resolution 720p 

3 Processing time /frame ~50ms 

4 Camera mounted at height 4ft 

5 Max distance of detectable deformation 25meters 

6 Tilt angle of camera 80
o
 

7 Speed of vehicle ~40Kmph 
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CONCLUSION 

Thus the research and calculations being performed as per the needs, depicts 

thatthisproposedprojectispossibleto be implementon a system such as raspberry pi atlowcostand considerable 

efficiently to detect and alert drivers to slow down or steer away from regions on roads with potholes. Due to 

improper road lighting conditions at night, it is difficult to determine road just relying on human sight and 

hence the addition of LASER light for distress detection in real time will intern help such vehicle drivers to 

avert accidents. 
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