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DESIGN AND FABRICATION OF A COST-EFFICIENT
PHOTOGRAMMETRY 3D SCANNER
by
Karan Shrivastava1, Saajan Kumar Singh2, Ankit Kumar Singhal3 and B. D. Patel4
Department of Mechanical Engineering
College of Engineering Roorkee, Uttarakhand, India

ABSTRACT
A 3D scanner is a device that is used for the conversion of a real object into digital
form. During the process of scanning, the scanner collects information about the shape and
dimensions of the scanned object with the help of different sensors. In recent years different
types of sensors have been developed to create a 3D scanner. Even though a large number of
commercial and sophisticated scanners exist in the market, but they are very expensive, and
this limits their utilization in research institutes with lesser resources. The object of this paper
is to construct a new low-cost alternative to develop a 3D scanner using photogrammetry.
1. INTRODUCTION:
The 3D Scanner is a device which is used to obtain information about the shape and
dimensions of an object. The scanned data is made up of point clouds, this means each
scanned point has a position in space in terms of a coordinate system. The purpose of a 3D
scanner is usually to create a point cloud of the surface of the object that is being scanned.
The information obtained by the scanner can then be easily used for the creation of a digital
three-dimensional model of the scanned object. The result called three-dimensional models.
3D scanners can be classified on the basis of the method of scanning.

(Fig. 1: Classification of 3D Scanner)
Contact scanner: These types of scanners require physical contact between the scanner and
the object to get the information about the object. These are also known as stationary
scanners. Contact scanners have high precision but need a large amount of time to scan.
There is also a possibility of it damaging the scanned object.
Non-Contact scanner: These types of scanner do not require physical contact and can scan
the object from a considerable distance. These are commonly known as handheld scanners.
Non-contact 3D scanners are fast and easy to operate. Unlike the contact scanners, these will
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not damage the scanned object. But these are not as precise as contact scanners. Non-contact
scanners employ other technologies for scanning such as:
Laser scanner: These work on the principle of triangulation. The laser beam is imparted on
the object, and the reflected beam is detected by a detector and the time period of return of
the beam and the angle of impact are determined. Using this information, the position of the
scanned point in the space is determined.
Ultrasound scanner: These uses ultrasonic waves for scanning, and just like laser scanners
the time period of reflection and the angle of impact are determined.
X-Ray scanner: These scanners also follow the same procedure as a laser scanner but uses
radiation for scanning. The radiation falling on the detector after passing of the object is
detected. These types of scanners not only give the information about the outside shape of the
object but also gives the information of the inside geometry and can tell about the internal
defects of the object.
Photogrammetry: Photogrammetry is a technique of obtaining valuable information of an
object by using several digital photographs of the object. These photographs should be taken
in an overlapping manner in order to get a better scan of the object. Photogrammetry software
is then used to construct a 3D model of an object using its photographs which are taken from
multiple positions and angles around the object. Photogrammetry software develops a 3D
model by analysing the photographs and it identifies common points between the
photographs. The software creates a 3D model with a coloured texture map of the
photographed object. One of the advantages of using photogrammetry technique is that it
provides information about the texture and colour of the scanned object.
Photogrammetry uses the principle of triangulation. The photographs are taken in an
overlapping manner. The lines of sight can be drawn from camera point to the object. These
lines of sight intersect at a point known as the point of interest. This point can be then
produced in a three-dimensional coordinate system.
Software: To obtain a 3D model of a scanned object Meshroom 2019 and Blender 3D
software are used.
(i)
Meshroom is a photogrammetry software. It is a free open-source 3D
reconstruction software. It based on the Alice Vision framework. Alice Vision
provides 3D reconstruction and camera tracking algorithms for computer vision
framework.
(ii)
Blender (Blender Foundation, Amsterdam, The Netherlands) is a free and opensource 3D designing software used for creating animated films, visual effects,
art, 3D modelling, rendering, sculpting, simulations, video editing and computer
games. Blender's has a large number of features which include 3D modelling,
texturing, motion blur, camera effects, lighting features, rigging, animation
toolset, smoke simulation, fluid simulation, hair simulation, cloth simulation,
particle simulation, easy to use interface.
(Source: https://alicevision.org/#meshroom1, https://www.blender.org2)
2. LITERATURE REVIEW:
2019, Michael J.J. Douglass et. al. [4] proposed a novel method of designing surface mold
brachytherapy applicators using optical photogrammetry. The accuracy of this technique for
the purpose of 3D-printing surface mold brachytherapy applicators is investigated.
Photogrammetry was used to generate a 3D model of a patient’s right arm. The geometric
accuracy of the model was evaluated against CT in terms of volume, surface area. And found
that the 3D phantom models generated using photogrammetry and conventional CT-based
reconstruction has verified the geometric accuracy of the photogrammetry technique. The
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reconstructed model obtained using photogrammetry had a measured volume and surface
area that were within 0.1% and 2.6% of the CT obtained values, respectively.
2019, Ioannis Kournoutas et. al. [3] worked on acquisition of Volumetric Models of Skull
Base Anatomy Using Endoscopic Endonasal Approaches: 3D Scanning of Deep Corridors
Via Photogrammetry. The aim was to evaluate the feasibility of creating volumetric models
of highly intricate skull-base anatomy previously not amenable to volumetric reconstruction
using endoscopic endonasal approaches. And found that the endoscopic volumetric models
represent a new way to depict the anatomy of the skull base; their use with 3-dimensional
technologies could potentially improve the visuospatial understanding of narrow surgical
corridors for education and surgical-planning purposes.
2018, André Paixão et. al. [2] proposed photogrammetry for digital reconstruction of railway
ballast particles. A comparison between laser and photogrammetry methods was made. Laser
scanning is done by Creaform EXAscan portable laser scanner and Photogrammetry is done
by using Canon 550D digital camera. And found that photogrammetry method has higher
mesh density. The cost of the proposed method setup can be around one tenth of a handheld
laser scanner.
2017, Amaneh E. Kenarsari, et. al. [1] worked on creating 3D models of tractor tire footprints
using close-range digital photogrammetry. Close-range digital photogrammetry is utilized to
construct the 3D models of an agricultural tire footprint. These models were then analysed to
obtain the tire footprint depth, area and volume. The procedure photogrammetry is used for
developing 3D models of a tire footprint on soil. And found that close-range digital
photogrammetry provides an efficient and accurate method to assess the depth and volume of
the tire footprint in soil. The results of the sand cone method were within 4 and 7% of the
volume estimates determined from photogrammetry.
2007 Ruinian Jiang, et. al. [5] worked on close-range photogrammetry applications in bridge
measurement. They presented a literature review on the basic development of close-range
photogrammetry and briefly describes previous work related to bridge deformation, geometry
measurement and structural test. And found that photogrammetry is capable of measuring
difficult-to-access structures. It records a large amount of geometric information in a short
time period by acquiring Images. It allows revisiting the visual records and performing
additional analysis at a later time. It can be used as a convenient tool for routine measurement
applications.
3. NEED OF STUDY:
There are a lot of methods for obtaining the 3D information of an object and there are
a lot of ways for 3D scanning. Each method has different limitations, advantages and costs.
Previously mentioned methods (laser, ultrasound and X-ray) for 3D scanning have been
proven very costly and time-consuming. The scanner alone can cost you a large sum of
money. Also, in order to keep up with current technology and to avoid becoming out-dated,
you will need to purchase a new scanner. These methods for 3D scanning can give the
information about the surfaces and provide a 3D model of the object but these cannot provide
the information about the colour and texture of the object being scanned.
This paper proposes a non-contact and low-cost photogrammetry scanner system.
This process will involve many technologies such as how to make cameras able to get
images, camera calibration, image processing and so on.
The main objective is to make 3D scanning as accessible as possible. To make such a
thing happen many open source software are used. Images acquired for photogrammetry
scanner is taken by a day-to-day use camera phone that is easily available in the market. The
whole model is made through 3d printed materials.
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4. METHODOLOGY:

(Fig. 2: Flowchart of Methodology)
Lighting Setup: The lighting condition of the room is an important factor during the
scanning process. Photographs taken in a bad lighting condition can cause errors to the 3D
reconstructed model and can increase the time of reconstruction. While photographs taken
under a good lighting setup can make the process of scanning much easier. It is therefore
important to check the lighting condition before scanning. The normal lighting setup should
surround the object being scanned.
Scanned Object Preparation: Objects that have a shiny surface are harder to scan, so it is
important to modify them before scanning. To modify an object with shiny surface masking
tape or markers can be used. The placement and amount of these modifications depend on the
size and shape of the object being scanned. These modifications are done to make the scan
process easier and less time-consuming. Here a black marker was used in order to make
certain parts of object mode distinguishable.
3D Scanner Calibration: A smartphone was used to capture photographs of the object.
Before each scan, the smartphone is placed at its holder in the 3D printed setup. The 3D
printed gears setup is checked before the scanning process.
Scanning: The object was scanned using a 3D printed setup. A smartphone is used to capture
photographs of the object. The smartphone revolves around the object and captures 36
photographs in one revolution. The process is repeated two more times at different elevation
of the smartphone. A total of 108 photographs are taken.
Processing of Data: The images are then exported to Meshroom 2019 for processing and 3D
model development. These images are exported via a Memory card. Meshroom generates a
3D model of the scanned object. 3D model generated by Meshroom can be transferred to
other 3D modelling software for modifications. Meshroom also provides a feature of adding
more photographs to an already finished model, if more details are required.
Data Editing: The 3D model is then exported to another 3D modelling software Blender for
further editing. The 3D model generated by Meshroom contains a lot of unwanted surfaces
e.g. background wall, platform for the object. These unwanted surfaces are removed using
Blender. The triangular mesh generated by Meshroom is converted into a quadrilateral mesh.
This was done to reduce RAM and storage requirements. Blender is used to give the model a
base.
Data Evaluation: Model generated by Meshroom is compared with the original object. After
editing the model, it is exported to Ultimaker Cura 4.4 a 3D printing software.
5. CAD DESIGN:
A CAD model was prepared for capturing photographs of an object at different angles and
different elevations. It has a holder for a smartphone and a base plate for an object. The
model was designed as a planetary gear setup with one sun and ring gear and two planet
gears. The object is placed on the arm above the sun gear. The arm joining the planet gears is
stationary. Sun gear and ring gear are provided with separate bases. There is a groove
between the base and gear for metallic balls, which provide smooth motion of the gears.
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(Fig. 3: CAD design of the setup)

(Fig. 4: CAD Design showing top view of the setup)
6. FORMATION OF MODEL (SPECIFICATION):
Addendum
Diameter
(Outer dia.)

Dedendum
Diameter
(Inner dia.)

Pitch
circle
diameter

No.
of
teeth

Module

Thickness

Quantity

294

300

100

3

15

1

310

-

-

-

15

1

142.5

150

50

3

15

1

103

135

-

-

-

15

1

80

67.5

75

25

3

15

2

S.N.

Part

1.

Ring
350
Gear
Ring
350
gear
base
Sun gear 155

2.

3.
4.

5.

Sun
Gear
Base
Planet
Gear

(Table 1: Parts details and specification)
Note: All Dimensions are in Millimetres (mm).
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(Fig. 5: 3D printed setup)
7. CALCULATIONS:
Calculation of speed of camera mount (outer ring gear)
Initial condition: Arm containing the planet gears is fixed
Motion

Arm

Sun gear (T=50)

0

𝑥

+𝑦

𝑥+𝑦

Arm is fixed (let
planet has speed ‘x’)
Arm rotates ‘+y’

Planet gear (T=25)
−

50
25

𝑥 = −2𝑥
𝑦 − 2𝑥

Ring gear (T=100)
−

1
50
𝑥=− 𝑥
2
100
𝑥
𝑦−
2

(Table 2: Calculation of speed of outer gear)
Since the arm is fixed 𝑦 = 0
1

Speed of ring gear

=− 𝑥

Speed of ring gear

=−

2

𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑠𝑢𝑛 𝑔𝑒𝑎𝑟
2

This equation shows that the rotation of ring gear is opposite to the direction of
rotation of sun gear. Speed of ring gear is half the speed of sun gear.
8. IMPLEMENTATION AND TESTING:
3D printed gears are set up on a smooth platform. A test run of the setup was taken, to
ensure no error. The smartphone was placed in its location at zero point. Process of capturing
photographs was started. A total of 108 photographs were taken using the setup. Additional
21 photographs were taken, to ensure better reconstruction.
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(Fig. 6: Stepper motor and Arduino setup)
All 129 photographs are imported into Meshroom 2019 for testing. 3D model
reconstruction was started using the default settings in the software. The software is left to
run until the model construction process was finished.

(Fig. 7: Meshroom 2019 working on 129 images of a mug)

(Fig. 8: Meshroom 2019 working on 129 images of a mug)
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9. RESULT ANALYSIS AND FINDINGS:
The reconstruction of the mug required approximately four and half hours to complete
using a laptop with an Intel Core i5-7200HQ CPU, 16 GB of RAM, and an NVIDIA GeForce
940MX graphics card. The reconstruction process was then performed with the default
reconstruction parameters. This processing time can be reduced by the use of a high
specification system or better quality of images.
S.no
1
2
3
4
6
7
8
9
10
11

Process
Feature Extraction
Feature Matching
Structure from Motion
Prepare Dense Scene
Depth Map
Depth Map Filter
Meshing
Mesh Filtering
Texturing
Total time taken

Time taken
00:01:30
00:03:25
00:01:49
00:01:08
03:40:21
00:09:10
00:20:31
00:01:03
00:01:31
04:20:28

(Table 3: Time taken by meshroom for making the 3D model of the mug)

(Fig. 9: 3D model generated by Meshroom)
Once the 3D model reconstruction was complete, it was exported as a (.OBJ) file
format. The 3D model generated by Meshroom contains a large number of unwanted surfaces
which are present in the background of photographs such as the surrounding surfaces, surface
in which the mug was resting, surrounding walls, etc. Using Blender, the unwanted surfaces
from the reconstructed model were selected and deleted, leaving only the model of the mug.
This was done to reduce RAM and storage requirements. After the removal of all the
unwanted surfaces, the model is then given a base surface to make it a complete. Blender can
also be used to convert the triangular mesh into quads mesh. This conversion is done to
reduce the run time of the software. Conversion of mesh from triangular to quads also help in
reducing the RAM and storage requirement. The surface texture and colour information are
stored in the blender file. This method is valuable since it gives a dense mesh of the scanned
object along with the information of its colour and texture.
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Solid body generated by Blender has following number of
Vertices- 86,990, Edges- 204,111, Faces- 117,117

(Fig. 10: 3D model in Blender after editing and removal of unwanted surfaces)
Now, this model has exported to a 3D printing software Ultimaker Cura 4.4 for 3D
printing the scanned object. 3D printing can be done on the same scale as the size of actual
scanned objects. 3D printing software can be used for viewing the scanned model.

(Fig. 11: Model exported to a 3D printing software (Ultimaker cura 4.4) for viewing)
10. CONCLUSION:
Using photogrammetry for 3D scanning has several advantages. Most notable is, it
provides a 3D model with the information about the colour and texture of the scanned object.
Photogrammetry produces a realistic model of the scanned object. Also, it found that this
method is easy to use and can be done using a moderate setup. The file generated by
Meshroom is a standard format and can be exported to any 3D modelling software.
Another advantage of photogrammetry software is it creates a model in real-time so
you are able to see which areas of the object have already been scanned, which have been
missed, and which need to be rescanned. Meshroom also provides a feature of adding more
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photographs to an already finished model, if more details are required or if an area needs to
be rescanned. It is, therefore, more efficient as you don’t have to rescan the whole object if an
area is missed during the initial scan.
Additionally, this method is easily accessible to most people because the equipment
and software are nowhere near expensive. A 3D scanner which is generally available in the
market will cost a large amount of money as compared to photogrammetry. Photogrammetry
can work with any digital camera, so all you need to upgrade photogrammetry is to update
the photogrammetry software.
Since photogrammetry is a non-contact method of 3D scanning, it does not harm the
object. And it is also able to recreate difficult to access objects. Photogrammetry method has
higher mesh density and it records a large number of geometric information such as shape,
size, colour and texture etc. in a short period of time by capturing images of the object. The
cost of the proposed method setup can be around one-tenth of a handheld scanner which is
available in the market. We can say that using photogrammetry is a more economical way for
3D Scanning.
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Abstract
Road accidents are one of the most common and the most hazardous of all, claiming millions
of lives every year around the globe. Government organizations as well as research institutions from
all over the world are working out ways to minimize the road accidents. This paper suggests one of the
simple and efficient way through which road accidents can be minimized. In this method one of the
emerging technology ‘Internet of Things’ is used. The vehicle is connected to a cloud server and the
device fitted in the vehicle constantly monitors the health data which is being relayed by a smart band
placed on the wrist on the vehicle driver. In case of any Emergency (abnormal heart rate detected) all
the concerned authorities are informed via various mediums like social media, MS etc. about the
geographical location of the vehicle.
Keywords: IOT, GPS, GSM, Cloud, Vehicle, HRV
I. Introduction
According to a research finding by Harvard University about 70% of the total death are caused
due to road accidents. The main causes of the road accidents are mainly drunk driving, stress, fatigue
or situations relating to cardiac health like cardiac arrest. Especially on the highways, the vehicles run
at high speeds so the time to react in case the vehicle goes off course is very less. According to the
National Highway Traffic Safety Administration, 100,000 police report crashes are the direct result of
driver fatigue each year. This results in an estimated 1,550 deaths, 71,000 injuries and $12.5 billion in
monetary losses. The Community Against Drunken Driving (CADD) said nearly 70 per cent of all
fatalities are due to drunken driving.
The country loses 1.34 lakh in road accidents each year. This paper aims at proposing a vehicle
safety and health monitoring system which would monitor the health and in turn make the driving
safer.
II. Technology
This paper stresses on the use of one of the emerging technology known as the Internet of
Things. In this technology, there is a network in which each physical entity is connected to the other
physical entity through the internet. All the physical objects are connected to a central cloud server
where data from each device is stored. The data is further fed into Data Analytics system for Data
Analysis, so that the decision making process is accurate.
Protocol used – MQTT Protocol – Message queueing telemetry transport protocol is a light
weight protocol used to relay data to the cloud server. This protocol was used in this project as MQTT
is best suited for wireless network connections with remote locations which are prone to irregularities
in levels of latency due to limited bandwidth and unreliable connections.
Cloud Server and IoT– A cloud server is used to provide storage for personal health record of
the user. The IoT technology and the cloud is used to provide connectivity between the hospitals,
doctors and the user. The IoT device supports MQTT protocol which enables exchange of messages
using a publication/subscription model, by way of which one-to-one and one-to-many communication
is possible. This helps in communicating alert messages to the user’s family and doctor in case of any
emergency.
www. globalresearchacademy.uk> GRA : Volume: 03, Number: 11, November, 2019
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Data Analytics and Machine Learning:
In this project, a personalised machine learning model is created for each user that focuses on
comparing patient data in real time (heart rate, blood pressure etc.) with baseline indicators which
helps in identifying users who need urgent hospitalisation or medication. A predictive analysis
technique is used to create an early warning system so that the user can be given a clinical alert which
would help the user to take precautionary actions.
By discovering associations and understanding patterns and trends within the data, the data
analytics has the potential to improve care, save lives and lower costs. It helps in detecting diseases at
earlier stages by monitoring the user’s health and providing alerts so that the individual can be treated
more effectively and easily.
In this project, machine learning algorithms are also used to develop an effective mechanism
for stress level identification using ECG signals. This is used to avoid road accidents that are caused
due to stress and fatigue.
Machine learning systems can also be used for drowsiness detection by training the model with
human features like blink rate, eye closure, yawning and be used to make analysis and take appropriate
actions (like playing music etc.) by observing similar features in future.
Hardware Used –
1. Raspberry Pi Microcomputer-It is a small credit sized computer which is used to relay the health
data from the smart band to the cloud server. The main purpose of this microcomputer is to handle all
the events starting from the entry of driver into the vehicle after biometric verification till the alert
generated in case of an emergency.
2. GPS Module- This module has been used to obtain the geo coordinates of the vehicle i.e. both the
latitude and longitude.
3. GSM Module –This module has been to generate SMS alerts in case of an emergency.
4. Biometric Module- This module helps in biometric verification so that only authorised person could
enter the vehicle
5. Alcohol sensor – This sensor has been placed in the vehicle so that the condition that the vehicle
driver is not drunk is fulfilled.
6. Arduino Mega 2560 – This microcontroller board is used collect data from various sensors as well
as module and then relay it to Raspberry Pi for further use.
7. Relay (only for vehicles running on petrol) - It is used as a switch which can be controlled to open
or close the ignition circuit remotely.
8. Bluetooth module - This module is used to receive the data generated by the smart band/fitness band
and then transfer all the health data to raspberry pi microcomputer.
9. Bluetooth Low Energy (BLE) module for broadcasting data.BLE is used in this project as it is the
version of Bluetooth supported for IoT.It is used for communication with other wirelessly connected
Bluetooth devices on the network by proximity sensing.BLE also provides cloud connectivity and
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supports every major operating system along with phone alert notification system which can be used to
receive notifications such as incoming alerts from other devices.
III. Proposed System
We can divide the system in different stages.
Stage I – Entry into vehicle. This is the first security layer. Access inside the vehicle is possible only
after biometric verification. In this system we use thumbprint recognition module. After thumbprint
scan the vehicle captures the image of the thumb print and matches it with the database stored in the
vehicle. Only after a successful match the circuit of ignition system is completed. At this point of time,
the vehicle knows the name of the vehicle driver, its age as well as frequent places visited by him/her.
This information is based on the data stored in the database of the microcomputer linked with the
thumbprint.
Stage II-Heart rate Monitoring. In this stage the vehicle start monitoring the heart rate of the vehicle
driver using the smart band placed on his/her wrist. The smart band is connected to the microcomputer
i.e. Raspberry Pi via Bluetooth.
Stage III – Connecting the vehicle to Internet- The vehicle is connected to Internet using Wi-Fi
connection from cellular handset.
At the same time, geographical coordinates of the vehicle are taken into account using GPS module
connected with Raspberry Pi.
Stage IV- Relaying the vehicle driver’s data to a cloud server- All the data including, body
temperature, heart rate, heart rate variability(HRV),blood pressure, beats per minute(BPM),etc. are
relayed to a cloud server using MQTT protocol. The data is stored in the cloud server and is analysed
by Data Analytic systems.
Stage V- Relaying Vehicle’s data to the cloud server- Vehicle data including fuel level, Engine
temperature, geographic location and car speed is also relayed to the server.
Special Cases
Case I – Driver is stressed – The vehicle may suggest driver all the required safety instructions, it
can offer to play a soft music inside the car or in extreme cases suggest nearest hospital on the map.
Case II – Driver is feeling drowsy –The vehicle may suggest driver nearest coffee shops or hotels
on the map, based on his/her current geographic location.
Case III – Driver is experiencing Abnormal Heart Rate or Cardiac ArrestAll the concerned authorities like police, nearest hospitals, friends and relatives are notified
immediately by SMS, Email, Push notifications in Android App or on social media like twitter,
Facebook etc. Also a Bluetooth Low Energy (BLE) module is connected to the raspberry pi will act as
ibeacons and it will alert all the passing by vehicles with Bluetooth about this emergency.
Vehicle TheftIn case of vehicle theft the vehicle owner can obtain the GPS coordinates of the vehicle just by
sending mail or SMS.In case of vehicle with petrol engine, it can be immobilized by the owner using
mail/SMS.
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IV. Conclusion
In this paper the efficient use of IoT has been demonstrated .i.e. how can it be used not only for
avoiding accidents but also ensuring the vehicle safety by preventing it from being stolen. This a
major step towards safer driving. Major accidents due to drowsiness, cardiac abnormality, fatigue and
stress can be avoided easily. If in case an emergency occurs ,the system uses
BLE,Facebook,Twitter,SMS etc. to alert the concerned authorities about the geographical location on
the vehicle.
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Abstract
This is a survey paper on the development of a robotic arm . This paper gives a technical
introduction to the recent research in this field. It is a working research in which there are number of
problems and a wide area of exploration. Nowadays, different varieties of robotic arms are available.
Some are excellent in areas such as accuracy and repeatability. In this survey paper, we study about the
evolution of robotic arm in last 20 years and learn different parameters of a robotic arm. The type of
robotic arm depends on these parameters. This survey may be used for knowledge and guidelines for
future research work. This paper concludes with gaps in research and proposed work. Robotic arms are
used in different fields like a household, workplace, and working stations.
Keywords- Robotic arm, degree of freedom, axis, working envelope and space, kinematics, payload,
speed and acceleration, accuracy and repeatability.
Introduction
A robotic arm is a mechanical device, the manufacture and sold rate of a robotic arm is very
high . Many types of arms are available in the market and made by companies. Robotic arms have
more industrial use than domestic because at this point of time robots are not used for normal
purposes; they are always used for a specific purpose and in conditions where humans are not able to
work i.e. polluted air zone, high temperature , heavy weight lifting etc. Robotic arms are also used in
places with high accuracy where error is not allowed. A robotic arm has a set task to perform
accurately in the various environment conditions. A robotic arm is made up of a set of rigid jointed
bodies able to take different configurations and to be able to move between these configurations with
limits on velocity and acceleration. The difference in Industrial robotic arms is the size of the fixed
bodies, the type of the joint, the manner in which the joints are connected and the range of motion of
each joint. The fixed individual bodies are called links. Robotic arms are manufactured using different
parameters like degree of freedom , number of axis , working envelope and working space that the arm
can cover, kinematics, payload , accuracy and repeatability, speed and acceleration , motion control
and drive of an arm etc. This survey paper summarizes the development in a robotic arm.
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Fig 1:parts of Robotic Arms
Literature Review
In this survey paper , we studied papers briefly according to the different parameters of a
robotic arm.
A. Axis
Axis have a major role as they are used for movement indication, one axis used for a line, two
axis are used for a plane and three axis for a point at anywhere in space. Roll pitch and yaw control are
both the main factors of a robotic arm axis that are used for full control. Before 1987 robotic arms
worked in [1] 2-axis and 3-axis. But now there are robotic arms that can work in [2] 4-axis, in [3] 5axis, in [4] 6-axis and in [5] multi-axis . The figure below shows a six axis- robotic arm. Freely
moving arms are good for three dimensions, rotating axis arms must be positively interactive for good
stability. The mass of arm should be less for less force of inertia at the different joints, lighter arm are
able to perform more dynamically than bulky arms at same stability level. Industrial robotic arms use
bulky tool and weight of arm is also very high . The robots may become flexible and less in weight by
using multiple axis arms.

Fig 2:Defining Axis
B. Degrees of Freedom
A robotic arm can control all points (directionally) using its degrees of freedom. A human arm
is controlled by seven degrees of freedom, articulated arms in typical have up to six degrees of
freedom.[6] A robotic arm is made up using different solid parts, joined by a number of joints
connected, each joint having one degree of freedom so if there are n number of the joints then the arm
has n degree of freedom (DOFs).
The n joint coordinates are also known as internal coordinates. All the coordinates depend on
joints and describe the relative motion of beside present links. A robotic arm with three joint has 8
degrees of freedom and when we include five finger of a hand then it becomes 17 degrees of freedom.
C. Working Envelope And Working Space
The robotic arm can cover a circle in space known as working envelope of a robotic arm.
Envelope means the range or the area that can be covered by arm or range of movement. If we use the
arm in individual possible directions (forward and backward, up and down) then 3D shape obtained is
an envelope, it depends on a robotic arm and number of axis, that can manipulate the range of motion.
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A robot can only work in its working envelope, but it’s possible to design some flexible robotic arm
that can change its envelope according to the requirement like a moving robot moves with track and it
covers large envelope. In [20] combination of Roll, pitch and yaw controls are the main factors to
improve target point and flexibility, these help in increasing robotic arm efficiency then working
envelope is also increased.
D. Payload
A payload is simply the weight that arm is able to carry and movement possible with weight . It
is important to maintain payload at the time of arms implementation and check how much weight arm
can lift . It also includes weight of the entire arm with tools and depend on use of an arm . In industries
robotic arms are used for heavy works so it should be high in industry arm and for the normal use
generally payload is about 1 to 10 kg range. Some tools are used for proper weight calculation. [7] The
robotic arm have maximum payload 500gm, the arm able up to maximum payload 7kg. Industries use
robotic arms that have more payload than others.
E. Accuracy And Repeatability
Accuracy and repeatability are the two important factors as complete robotics performance
depend on it, and accuracy of a task is needed for performing any task in exact time and a single
attempt and repeatability is when we repeat the same task again and again but the result is still the
same.
F. Motion Control And Drive
Any specific work that the arm performs at any point in working space is not possible with a
single movement, if all joint work then only we reach all points.[9] Robotic hand design for holding an
object like a human hand and typical deign of human finger also needs for specific motion. A robotic
arm having six joint and hand for controlling them ,multi-motion control functions are designed.
Robotic systems are designed with all advanced structure and new technologies like advanced
computer vision control and multi-motion control. Arms motion controller used for real-time trajectory
planning.
Conclusion
We presented a survey of 20-year papers. Discussed robotic arm and their different parameters.
Understood which factor affect the performance of a robotic arm and how it change a robotic arm in
work efficient arm. Know how multiple axis are used to change the mass of an arm, DOF increased
simply by adding joints, working envelope and space should be decided according to the situation,
kinematics improve the movement of the robot, its speed and the acceleration vary in different works,
accuracy and repeatability is the important factor for any robotic arm. Also, we have used diagrams for
making proper understanding and accuracy of robotic arm. Then we discussed gaps faced in research
and issues, and are used as a guideline for future research work, at last give suggestions how we can
improve a robotic arm by working on algorithms and simulations in effective manner.
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ABSTRACT: Wireless sensor networks have become increasingly popular due to their wide range of applications. A
Wireless Sensor Network (WSN) comprises many sensor nodes each one containing a processing unit, one or more
sensor, a radio for data communication and power unit usually equipped with a low capacity battery. All sensors
present in wireless sensor network are battery operated devices and being micro-electronic device have limited battery
power. This paper presents a survey of various techniques for power management in wireless sensors and introduces
the reader to the most well known available methods that can be used to save energy.
KEYWORDS: Power-saving strategies, energy consumption, energy management, wireless sensor networks.
I.

INTRODUCTION

Sensors link the physical with the digital world by capturing and revealing real world phenomena and converting these
into a form that can be processed, stored, and acted upon. Recent advances in micro-electro-mechanical systems
(MEMS) technology, wireless communications, and digital electronics have enabled the development of low-cost, lowpower, multifunctional sensor nodes that are small in size and communicate untethered in short distances. A Wireless
Sensor Network (WSN) can be defined as a network of small embedded devices, called sensors, which communicate
wirelessly following an ad hoc configuration.
A wireless sensor node consists of sensing, computing, communication, actuation and power components. These
components are integrated on a single or multiple boards and packed in a few cubic inches. When many sensors
cooperatively monitor large physical environments, they form a wireless sensor network (WSN). A WSN usually
consists of ten to thousands of such nodes that communicate through wireless channels for information sharing and
cooperative processing. Sensor nodes communicate not only with each other but also with a base station (BS) using
their wireless radios, allowing them to disseminate their sensor data to remote processing, visualization, analysis, and
storage systems. For example, Figure1 shows two sensor fields monitoring two different geographic regions and
connecting to the Internet using their base stations[1].

Figure1: Wireless sensor network
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Possible applications of sensor networks are of interest to the most diverse fields. Environmental/Habitat monitoring,
Acoustic detection, Seismic Detection, Military surveillance, Inventory tracking, Medical monitoring, Smart spaces,
Process Monitoring are a few examples.
A sensor network design is influenced by many factors, which include fault tolerance; scalability; production costs;
operating environment; sensor network topology; hardware constraints; transmission media; and power consumption.
The constraint most often associated with sensor network design is that sensor nodes operate with limited energy
budgets. Typically, they are powered through batteries, which must be either replaced or recharged (e.g., using solar
power) when depleted. For some nodes, neither option is appropriate, that is, they will simply be discarded once their
energy source is depleted. Whether the battery can be recharged or not significantly affects the strategy applied to
energy consumption. As a consequence, the first and often most important design challenge for a WSN is energy
efficiency. This requirement permeates every aspect of sensor node and network design. This paper presents some
previously published surveys related to power saving techniques in WSN and their description and finally the
conclusion from them.
II. POWER MANAGEMENT IN WIRELESS SENSOR NETWORK
The main task of a sensor node in a sensor ﬁeld is to detect events, perform quick local data processing, and then
transmit the data. Power consumption can hence be divided into three domains:
(i) sensing,
(ii) communication, and
(iii) data processing.
One of the important factor that need to be consider in sensor networking is the battery lifetime mounted with sensor
nodes because while performing above three tasks sensor node consumes power & hence its overall performance
depends upon optimum utilization of battery.
Energy consumption is one of the biggest constraints of the wireless sensor node and this limitation combined with a
typical deployment of large number of nodes have added many challenges to the design and management of wireless
sensor networks. They are typically used for remote environment monitoring in areas where providing electrical power
is difficult. Therefore, the devices need to be powered by batteries and alternative energy sources. Because battery
energy is limited, the use of different techniques for energy saving is one of the hottest topics in WSNs. sensor nodes in
WSNs are usually battery powered but nodes are typically unattended because of their deployment in hazardous, hostile
or remote environments. A number of power- saving techniques must be used both in the design of electronic
transceiver circuits and in network protocols.
A sensor node consumes mostly its energy in transmitting and receiving packets. In wireless sensor networks, the main
power supply of the sensor node is battery. Hence, if power is low then sensor node sends message to its neighbour
node that power is low & can’t be use for routing & then saves remaining power for sensing.
Another point of concern in communication networks is the transmission of messages to meet the requirements set by
Quality of Service (QoS) parameters. Quality of service controls include message delay, message due dates, bit error
rates, packet loss, economic cost of transmission, transmission power, etc. There can not be a set protocol design for
QoS standard networks due to the different capabilities of the applications in its particular setting. Therefore, there
QoS parameters are subjected to the constraints set by the hardware, purpose of communication and energy.
Since, the aim of this survey is to study the techniques which provide optimum utilization of battery to increase its
lifetime. Several methods to achieve low power consumption has been discussed in this paper. Each technique has its
advantage as well as disadvantage, but the technique with high quality performance will be a choice in sensor network.
III. DIFFERENT TECHNIQUES USED IN POWER MANAGEMENT
A Cluster Technique:
Jau-Yang Chang and Pei-Hao Ju provide a clustering technique whose aim is to reduce the data transmission distance
by allocating no. of sensor nodes in a cluster. In order to make an ideal distribution for sensor node clusters, the average
distance between the sensor nodes has been calculated and take into account the residual energy for selecting the
appropriate cluster head nodes. The lifetime of wireless sensor networks is extended by using the uniform cluster
location and balancing the network loading among the clusters.
Copyright to IJIRCCE

DOI: 10.15680/IJIRCCE.2016. 0408013

14681

ISSN(Online): 2320-9801
ISSN (Print): 2320-9798

International Journal of Innovative Research in Computer
and Communication Engineering
(An ISO 3297: 2007 Certified Organization)

Vol. 4, Issue 8, August 2016

(a) LEACH
Low energy adaptive clustering hierarchy is a protocol in which complete network is sub-divided into no. of clusters.
Each cluster consists one cluster head & no. of cluster heads. Cluster head has been choosen on the basis of
predetermined probability.Only cluster head communicates directly with the base station & non-cluster heads sense the
environment & send the data to cluster head which compresses the data received by no. of non-cluster heads to transmit
to base station. This consumes the comparatively low energy to transmit the data over a long distance. Clustering
network is shown in fig. 2 [2].But the major drawback of this technique is the non-uniformity in clusters which reduces
its efficiency. To overcome this drawback a technique called SECA has been developed as shown in fig.3 [2].

Figure 2: clustering network

(b) SECA
SECA is a technique consisting of uniform clusters. It is based on calculating the average distance between the sensor
nodes & measuring their residual energy in order to select cluster head. The lifetime of wireless sensor networks is
extended by using the uniform cluster location and balancing the network loading among the clusters. In this algorithm,
the operation includes two phases: set-up and steady-state phases.
The main goal of set up phase is to create clusters and find cluster head nodes. During the set-up phase, the BS collects
the information of the position and energy level from all sensor nodes in the networks. Based on the characteristics of
stationary sensor nodes, the suitable initial means of points for clusters can be obtained. Fig.3 shows SECA set up
phase, C be the center location for all sensor nodes.[2]

Figure 3: SECA set up phase

Once the clusters are created and the TDMA schedule is fixed, data transmission can begin in steady state phase. The
non-cluster head nodes send data to cluster head node during their allocated transmission time.
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B. Dynamic Technique
I.F. Akyildiz, W. Su*, Y. Sankarasubramaniam, E. Cayirci proposed an approach based on the fact that battery
consumes more power when it is turned on so according to this method battery will be switched off when not in use.
During transmission of data, Mixers, frequency synthesizers, voltage control oscillators, phase locked loops (PLL) and
power ampliﬁers, all consume valuable power in the transceiver circuitry. It is important that in this computation we
not only consider the active power but also the start-up power consumption in the transceiver circuitry. The start-up
time, being of the order of hundreds of micro-seconds, makes the start-up power non-negligible. Equation below shows
the relation for total power consumption during transmission[3].
Pc= Nt [ Pt (Ton +Tst) + Pout(Ton)] + Nr[Pr [Ron + Rst)]
eq. (1)
Where, Pt=Pr is the power consumed by the transmitter/receiver; Pout, the output power of the transmitter; T=Ron, the
transmitter/receiver on time; T=Rst, the transmitter/receiver start-up time and NT=R, the number of times
transmitter/receiver is switched on per unit time, which depends on the task and medium access control (MAC) scheme
used. Ton can further be rewritten as L=R, where L is the packet size and R, the data rate.
The main problem occurs with dynamic power management is that the start-up time consumes irrevalent power when
battery is switch on due to transreciever circuitry. And start up time dominates active tie if packet size is reduced.
Hence, Dynamic power management is efficient only if battery remain switched off for above some threshold value
because sometimes if the no. of transitions between on/off are much larger, then the power consumption is much more
than it left switched on in active mode. High Consuming sensor technique is an improvement over DPM presented in
next section.
C. High Consuming Sensor Technique
Vana Jeliˇ ci´c proposed a technique based on duty cycle & using separate wake up receiver. Duty cycle (D) of a
node’s activity is deﬁned as the fraction of time when the node is active. In duty-cycled operation, a node follows a
sleep-wake up-sample-compute-communicate cycle, where the majority of the cycle is spent in the low- power sleep
state .Figure 4, shows duty cycling of sensor node activity[4].

Figure 4: duty-cycling of sensor node activity

This process, which relies on hardware support for implementing sleep states, permits the average power consumption
of a node (Pavg) to be reduced by many orders of magnitude. Equation for duty cycle can be written as[4]:
where, D = Duty cycle; tactive = active time ; T= total time
where, tsleep = Inactive time
Power consumption of the node depends on the duty cycle as shown below:[4]

eq. (2)
eq.(3)

eq. (4)
Power in inactive state (Psleep) is usually signiﬁcantly lower than the power in active state,below equation shows the
approximate average power consumption[4]To reduce the duty cycle, we should decrease the tactive time as much as possible and increase the period (T) as much
as possible, taking into account some limitations[4]. Duty-cycled operation is usually possible in WSNs due to the
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common requirement that they do not require continuous sampling or communication (WSNs are often deﬁned by their
low data-rate and communication frequency); hence, duty cycles of 1–2 % are common [4]. It is essential that events
and packets are not missed while the node is asleep , requiring that careful thought is given to duty- cycled operation.
The process of duty-cycled operation can also be applied to communications, whereby an active node only receives and
transmits for a small portion of the active time. This form of duty-cycling is managed by the Medium Access Control
layer (MAC) of the communication protocol.
There is 3 ways to transmit data also known as rendezvous schemesa) Pure synchronous: The nodes’ clocks are presynchronized such that the wake-up time of each node is known a
priori. This scheme requires recurrent time synchronization that consumes considerable energy. Moreover, the sensors
wake up even if there is no packet to transmit or receive, which results in idle listening or overhearing.
b) Pseudo-asynchronous (or cycled receiver): Source nodes usually wake up and emit a preamble signal that indicates
the intention of data transmission. The preamble time is long enough to coincide with the wake-up schedule of the
destination node. Upon waking up and sensing the preamble, the destination node recognizes the intended packet
transmission. In this scheme time synchronization is not required, but sensors still follow a duty cycle and consume
considerable energy with preamble signaling.
c) Pure asynchronous: Sensor nodes reside in deep sleep and can be woken up by their neighbors on demand with very
low-power wake-up receivers. Whenever a node intends to send a packet, ﬁrst it wakes up the destination node and then
sends the packet. Therefore, wake-up receivers are a solution to the redundant energy consumption caused by
rendezvous.
Problems encountered in design and implementation of wake-up radios include: limited reception range or very high
transmission energy requirements, higher than desired receiver power consumption and false wake-ups caused by
interference from other sources of transmission in the chosen frequency bands.
D. CRT Based Packet Splitting Technique
This method on which research conducted by Giuseppe Campobello, Alessandro Leonardi and Sergio Palazzo merges
routing & data aggregation techniques & it is primarily aimed to reduce no. of transmitting bits using chinese
remainder theorem that consumes lower energy. It is a novel approach which splits the original messages in several
packets such that each node in the network will forward only small sub-packets. The splitting procedure is realized
applying the Chinese Remainder Theorem (CRT) algorithm, which is characterized by a simple modular division
between integers. The sink node, once all sub- packets (called CRT components) are received correctly, will recombine
them, thus reconstructing the original message.[5]

Figure 5: CRT based routing

In CRT, a system can be formulated as m=mi(mod pi) & assuming there exist M which is a product of prime no.s
{m1,m2,m3….,mN} such that m<M which solves simultaneous congruent equations.
Consider a system[5]m=1(mod 3)
m=4(mod 5)
m=1(mod7)
Here, m = 64 solves the system .According to the CRT, the number m can be alternatively identiﬁed with the set of
numbers mi provided that pi are known. In the above example 7 bits are needed to represent m, while no more than 3
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bits are needed to represent each mi. Therefore if, instead of m, mi numbers, are forwarded in a wireless sensor
network, the maximum energy consumed by each node for the transmission can be substantially reduced.
If the maximum number of bits of a CRT component, i.e. wCRTmax = max(⌈log2(pi)⌉), & w the number of bits in the
original message (m) a theoretical maximum energy reduction factor (MERF) given by below equation[5]-

eq. (5)

Using equations system (1), MERF= (7-3)/7 =0.57 i.e. 57% energy can be saved. Hence, CRT splitting is more efficient
than simple splitting.To maximize MERF minimum prime set has been used satisfying condition M ≥ 2^w, if N = 4
and m is a 40- bits word (w = 40) then MERF in this case is 0.725. There is also another smallest consecutive primes
that satisfy the condition pi ≥ 2^w,if N=4 & w=40 then MERF will be 0.65. We call this set as the Minimum Primes
Set with one admissible failure. The MERF obtained with the new set is 0.65 i.e. MERF is reduced by about 11%.
However with this choice it is possible to reconstruct the original message m even if a component is lost (i.e. if we have
one failure).
The drawback of CRT based routing is that in case of big packets a tradeoff between complexity, energy efficiency &
mask overhead should be taken into account.
IV. CONCLUSION & FUTURE WORK
This paper presents the various issues in power management of WSN. Different power management techniques have
been discussed to overcome these issues. According, to this survey we can conclude that the most efficient method for
power management is SECA. In future work, a combination of SECA with wake up receiver can be designed which can
decrease the power consumption to a higher extent.
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ABSTRACT
The various and complex cracking processes that occurs
on a pipeline have made reliable crack detection a great
challenge. This paper basically consists of different ways of
inspection of pipelines using Electro Magnetic Acoustic
Transducers. There are various types of Flaws and defects
in the oil and gas pipelines which can turn into hazards
leading to leakage, miss happenings, cracks (SCC) and
many more damages. Different technologies are used in
different area and organizations. EMATs are of several
types like Axial EMAT, Circumferential EMAT etc. These
EMATs are responsible for the inspection of all type of
defects, Stress corrosion cracks (SCC) can occur in a range
of pipeline field conditions including soil type, stress,
cathode Potential, coating conditions and temperature.

Keywords: EMAT, Inspection of Pipelines, Flaw detection
in pipelines.

I. INTRODUCTION
This Electro Magnetic Acoustic Transducers are used to
detect the width, flaws and defects in a pipeline. This type of
defect is usually oriented along the axial length of the pipe. If
the defect remains undetected the cracks may grow and/or
coalesce and eventually lead to a leak or pipe rupture. Other
types of defects can also occur in pipe structures. They are
either critical to the safety of the pipeline (e.g., corrosion,
welding cracks, and pits) or benign stringer-like internal
inclusions. Non-destructive Inspection (NDI) systems are vital
to locating the defects early without false alarms from benign
inclusions to problematic cracks as well as helping characterize
and size the defects for repair or replacement. Many
technologies have been developed for pipe inspections, but they
are limited to detecting certain types of defects. For example,
Axial-field Magnetic Flux leakage (MFL) in-line inspection
smart pipe-inspection-gears (PIG), which is extensively used
for pipeline inspection, is good for detecting corrosion damage
or circumferentially oriented defects inside a pipe, but have
limited success in detecting flaws or cracks in the axial
direction.
This paper will give overview of some basic techniques
used for the inspection of oil and gas pipelines explained in
some earlier papers.
A.
Saudi Aram co is one of the world's leading
international oil and gas companies. It is also a major pipeline
operator, which owns and operates a vast and scattered
hydrocarbon transportation network within the Kingdom of
Saudi Arabia. The network comprises over 17,000 km of
pipelines ranging from 3 to 56 inches in diameter operated at
different terrain conditions.

B. Effective in-line inspection techniques exist to detect
corrosion, mechanical damage, and wall thinning, detecting
SCCs still poses a problem. Oak Ridge National Laboratory
(ORNL) has developed an EMAT system that uses SH guided
wave to detect SCC.

II. HIGH RESOLUTION EMAT
TECHNOLOGY USED IN SAUDI ARAMCO
Saudi Aramco is one of the world's leading international oil
and gas companies. It is also a major pipeline operator, which
owns and operates a vast and scattered hydrocarbon
transportation network within the Kingdom of Saudi Arabia[1].
The network comprises of pipelines ranging from 3 to 56
inches in diameter operated at different terrain conditions over
17,000 km. This network originates at the oil, gas, and NGL
production plants, and terminates at the export terminals,
processing plants or domestic users. Accordingly, the safe and
reliable operation of this pipeline network is essential to Saudi
Aramco’s operation and the prosperity of the Kingdom of
Saudi Arabia. The associated challenges facing pipeline
operators in the complex and dynamic oil and gas industry are
continuous and require thorough, short- and long-term
solutions. Saudi Aramco constantly researches and tests various
related technologies to overcome challenges, such as the
detection of Cracking and Coating Disbondment. Traditionally,
non-destructive in-line inspection tools are based on
technologies like Magnetic Flux Leakage (MFL), Ultrasonic
Testing (UT) or Eddy Current. However, none of these
techniques is applicable to the detection of stress corrosion
cracking (SCC) especially in gas pipelines. Recently ROSEN
developed a new type of ultrasonic sensor that is based on an
electro-magnetic acoustic transducer (EMAT) (KLANN 2006).
By utilizing physical effects like the Lorentz force and
magnetostriction this technology allows, unlike conventional
UT, a contact-free generation and observation of ultrasonic
signals. It is independent from a coupling medium between the
sensors and the pipeline to be inspected. The pipeline serves as
its own transducer. For this project a 16" tool was
manufactured and equipped with EMAT sensors (Figure 1).
First field test were performed, proving the performance of this
technology under operational conditions [1].
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horizontal wave that contains distinct frequencies and is
especially sensitive to near-surface axial-oriented linear
defects. Secondly, the transmission signal is monitored for
changes in the coating quality.

Figure 1: RoCD2 inspection tool (16") designed for crack and coating
disbondment detection [1].

A. Inspection Technology
Following a high-resolution approach (refer to Figure 2,
right) numerous EMAT modules are arranged on the in-line
inspection tool. In contrast to a low resolution approach (refer
to Figure 2, left), a complicated evaluation of the UT travel
time to locate an anomaly on the pipeline perimeter is not
required. Figure 3 shows the basic arrangement of one EMAT
module used to inspect a distinct area (pixel) on the
pipeline[1].

B. Data Evaluation
From Figure 3 it can be seen that an echo signal will only
be recorded if a significant amount of energy is reflected into
the EMAT echo receiver. Since the echo receiver is active for a
short time interval, only signals that are reflected from a
specific sensor related position on the pipeline are detected.
Hence, other signals emitted from adjacent EMAT senders or
late reflections emitted from other positions on the pipeline can
easily be excluded during the data evaluation process. Due to
the arrangement of the EMAT modules, primarily features with
an axial dimension are detected. A detailed analysis of
significant echo signals including signal amplitude, arrival time
and frequency content, provides valuable information about the
detected type of defect.

Figure 2: EMAT sensor arrangement.

Comparison between low resolution (left) and high resolution
approach. The high resolution approach overcomes the
complicated analysis of the UT-travel time to locate cracks on
the pipe perimeter[1].

Figure 3: Basic arrangement of three EMAT modules comprising one
sender module (left) and two receiver modules (one left, one right).

The transmission signal is used for detection of coating
disbondment, while the echo signal allows the identification of
crack-like indications[1].
The ultrasonic waves do not travel around the whole
circumference of the pipeline before they are observed by a
receiver. Rather, the acoustic waves only travel a short
distance between the EMAT sender and the receiver allowing
a comparatively simple data evaluation and avoiding false
alarms. The sensor arrangement required to inspect one pixel
on the pipeline comprises one EMAT sender (Figure 3, left)
and two EMAT receivers (Figure 3, one on the left and one on
the right). The EMAT sender generates a tailored shear

Figure 4: Detailed views of a single anomaly.

The upper two panels contain c-scan views of six (6)
individual inspection channels (echo signal (left) and
transmission signal (right)). The two lower panels show nonintegrated echo data as a function of the log distance of the
channel at 75 degrees. The left panel shows the time signals
and the right panel shows corresponding spectra. In Figure 4,
four panels show additional information about one particular
anomaly. While the two upper panels show integrated data of
the echo (left) and the transmission (right) data as a function of
the circumferential position and the log distance, the two
lower panels show non-integrated vector data of one specific
channel (the channel at 75 degrees). The lower left panel
shows the echo time signals as a function of the log distance
and the lower right panel corresponding signal spectra. By
analyzing the signal time domain, information about the defect
orientation is gained as it relates to the pipe axis. This means
that the echo channels are sensitive to defects in both the axial
and in the circumferential direction.
C. Crack Detection
The UT-wave propagates from the EMAT sender on the
left-hand side towards the EMAT receiver on the right-hand
side (Figure 3). In a no-crack condition this wave reaches the
receiver and is recorded as a so-called transmission signal. On
the other hand, if there is a crack-like defect between the
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EMAT sender and the opposite EMAT receiver, a part of the
signal energy is reflected in direction of the EMAT sender.

inspection system was demonstrated during an extensive pulltest program (refer to Figure 6) and during the verification
work in the field. Figure 7 represents a crack colony, 2" in
length, found in the field during the course of this project.

Figure 6: RoCD2 Data obtained from a SCC sample during an
extensive test program. (Above) grid blasted and MPI tested pipeline
surface. (Below) Five individual channels addressing the SCC threat of
the pipe-section[1].

Figure 5: (Above) RoCD2 data obtained from an oblique linear
indication. The example is demonstrating the excellent sensitivity of the
chosen EMAT method. (Below right) the location had been verified in the
field with a handheld 10 MHz TR-probe. (Below left) Dig site[1].

This signal is recorded as a so-called echo signal by the
second EMAT receiver. Hence, two acoustic data channels
exist for each pixel, namely, one echo and one transmission
channel. From these data channels, numerous signal
parameters can be extracted: signal frequencies, signal
amplitude, travelling time of the acoustic wave, etc. Unlike an
MFL measurement, not only one value (magnetization level) is
recorded at one particular pipeline position but several vectors
(time signals, spectra, etc.) Providing much more information
[1].
It is ensured that echo and transmission data are
unambiguously evaluated with respect to the success of the
physical measurement. The sensitivity of the system was
demonstrated in the field during this project. This is
exemplarily shown by data obtained during the detection of an
oblique shallow linear indication (Figure 5, top-inset). The
obtained reflection for this 0.012" – 0.020" (0.3 – 0.5mm)
crack was well above the noise level. The location was part of
the dig-program conducted during the project. The linear
indication feature has been verified with handheld 10 MHz
TR-probe. A corresponding depth profile was taken (Figure 5
'depth profile'). The detection capability of the inline

Figure 7: RoCD2 Data obtained from a SCC location, confirmed
during verification work conducted during the course of the project[1].

III. ORNL EMAT SENSOR DEVELOPMENT
Effective in-line inspection techniques exist to detect
corrosion, mechanical damage, and wall thinning; detecting
SCCs still poses a problem. Oak Ridge National Laboratory
(ORNL) has developed an EMAT system that uses SH guided
wave to detect SCC. ORNL uses EMATs configured in
“through-transmission mode” for SCC detection. In throughtransmission mode, the transmitted wave is generated by one
EMAT and received by another. Hence, independent of the
location of the flaws, the ultrasonic waveform arrives at the
receiver within a fixed time window since the distance between
the receiver and the transmitter does not change. In “pulseecho” mode, a single EMAT acts as both the transmitter and
the receiver. The reflected signal is what is collected and
analyzed. The characteristics of the signal received will be
dependent on the location of the flaw from the transmitter. This
dependency will cause a phase shift and attenuation of the
signal. Hence, the pulse-echo mode is more difficult to
implement for a pipe inspection gauge (PIG) that is translating
through a pipe [2].
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To simplify the flaw analysis, only “through transmission”
mode was used in this project. Later on, to clearly identify the
location of the flaws on the circumference of a pipe and obtain
another signal from the same flaw location, “pulse-echo” mode
might be incorporated into the design along with “throughtransmission.” Cuts of 0.125, 0.25, and 0.006 inch wide and
varying depths were fabricated on the pipe walls to determine
whether the EMATs were able to detect these flaws. Most tests
were performed using horizontal n1 mode SH wave. By
utilizing the through-transmission mode whereby the distance
between the EMATs is fixed, better correlation was obtained
for the effect of flaws. A sample of the windowed receiver
pulse signal for the cases of flaws and no-flaws on the pipe
walls is given in Figure 7 [3].

Figure 8: Amplitude versus time for flaw and no-flaw receiver EMAT
signals [3].

After the initial development of the EMAT sensors for the
10 inch and 12 inch pipes, sensors were developed to inspect a
30 inch pipe with the PIG traveling along the length of the pipe
(see Figures 3 & 4). An industrial computer, EMATs, resolver,
and control box were all mounted on a frame that could travel
along the inside of a 30 inch pipeline and characterize the wall
defects. The schematic of the experimental PIG developed at
ORNL is shown in Figure 8. The EMATs are mounted on
linear springs that ensure that the distance between the pipe
inside wall and the EMAT surface is maintained as tightly as
possible. The receiver and the transmitter radial positions are
controlled independently to account for the geometric variation
of the pipe diameter. The separation distance between the
transmitter and the receiver can be adjusted and, the current
setting of 10 inch circumferential separation ensures that the
excitation signal does not overlap with the transmitted chirp
signal.

Figure 9: EMAT used for the 30 inch pipe defect characterization.[3]

The current set-up is used to evaluate the defects that exist
in the 30 inch circumferential distance between the transmitter
and the receiver EMATs. The receiver EMAT on the 30 inch
pipe wall will also obtain the signal that is travelling the 84.25
inch circumferential path, but the signal would be too weak to
be used for flaw classification. Hence, for a field-deployable
flaw classification and characterization PIG, multiple pairs of
EMATs will be installed [3].
A. Wavelet Analysis
The wavelet function ψ(t) is any complex-valued function
ψ of a complex variable that meets two conditions. First, the
function has a zero average value; hence, it must oscillate.
Second, it must have finite energy; hence, it must be a
windowed burst. Infinitely many functions meet these
conditions, but only a fraction of that infinitude is useful for
engineering applications. Unlike the Fourier transform, which
represents signals as an infinite series of sinusoidal
waveforms, the wavelet transform represents a signal with a
finite series of wavelets. Since the signal of interest is a finiteenergy tone burst, it is more logical to use a wavelet instead of
a Fourier series to analyse the problem.
B. Pre-processing Data
The signature obtained from the data acquisition board is
stored in a binary file to reduce the disk space utilized. Data
are collected for every rising trigger signal from the tone-burst
card, which coincides with the excitation signal sent to the
transmitter. Although under ideal conditions, all signatures
collected should be acceptable, there are cases where the data
becomes corrupted in field deployment. The corruption of data
could be from amplitude or phase errors or a synchronization
problem between the trigger and tone burst (see Figure 2). To
remedy this problem, a pre-cleaning routine was developed. In
Figure 2, a “no-flaw” signal is subdivided into excitation,
head, signal, and tail sections. The energy content in each of
the four areas is used to determine if corruption has occurred.
The essential part of the pre-cleaning was to look at the ratio
of the energies in the head and tail. Sections of the signal to
the excitation energy in the received signal. The
“head/excitation” and “tail/excitation” fractions become
pronounced when there is a synchronization problem or an
amplitude error. To eliminate phase errors, an uncorrupted
signal is correlated with all other signals collected. When the
correlation is bad, the data set has phase errors. After the
initial cleaning of the data set, wavelet analysis is performed.
When the EMATs traverse a flaw region, the ultrasonic wave
is reflected and dispersed. Figure 3 depicts a typical EMAT
signature over a flaw region. Looking at Figure 3, one sees
some amplitude reduction and shape change. These changes
are discussed in the development of the signal analysis
explained in the next section.
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Figure 10: Wavelet corrupted and uncorrupted [3]

C. SCC Determination on 30-inch-Diameter Pipe
To test the effectiveness of detecting SCCs on pipes, the
EMAT test PIG was deployed in a 30- inch pipe that was
20.41 feet long at the Battelle pipeline simulation facility in
Columbus, Ohio. Figure 4 shows the pipe that was used for
this test. The pipe to test the effectiveness of detecting SCCs
on pipes, the EMAT test PIG was deployed in a 30-inch pipe
that was 20.41 feet long at the Battelle pipeline simulation
facility in Columbus, Ohio. Figure 9 shows the pipe that was
used for this test. The test pipe was made up of two sections of
pipes welded together There was a circumferential weld at 60
inches from the deployment end of the pipe. The EMATs
scanned axial lines along the length of the pipe. The outer
areas of the scan lines were covered during the test to make the
assessment of EMAT SCC detection a true test. For this test
three scan lines with SCCs were used. The EMAT sensors had
the ability to detect SCCs on an 8-inch span on any particular
scan line. Figure 10. shows the scan lines on the pipes with the
actual location of the SCC flaws. The locations of the scan
lines are shown in red while the blue, green and purple lines
mark the EMAT coverage on the pipe circumference. The
SCC flaws that are colonies are depicted with a black box
representing the colony area and black tick marks representing
individual cracks[2].

Figure 11: Sample pipe tested at Battelle.

Figure 11 shows again the flaw locations with the
Mahalanobis measure overlaid on top. The rise in value of the
Mahalanobis measure is an indication of an anomaly from the
“no-flaw” signature. The colour code for the Mahalanobis
measure is same as that of the scan lines it is representing. For
all scan lines it is seen clearly that the high value for the weld
keeps falling as the EMATs move away from the weld and
again rises due to the presence of flaw. There is a clear
demarcation between the weld and the SCC. The flaw location
corresponding to flaw at 81-inch on scan line 2 and 3 is not
being detected by the Mahalanobis measure. There are also
some other individual cracks that are being missed by using
flaw detection analyses. There are some areas, however, where
the blue line rises significantly above the floor level even
though no flaws are present. Some of the spikes are the result
of tar coating present on the pipe. This issue is discussed in
detail in section . The rise in the Mahalanobis measure from
the floor is less steep when tar or other flaws are present
compared to an SCC. In general the flaw length was always
predicted to be larger than the actual flaw size. This is due to
the size of the active area of the EMAT being used. The larger
size of the flaw however should not change the prediction of
the center of the flaw. The EMATs having difficulty detecting
some of the SCCs. may due to the depth of the individual
cracks. No information exists currently on the depth of the
SCC cracks present on the 30- inch pipe that was used for this
testing. When the crack is too shallow, the ultrasonic wave is
not disrupted sufficiently for the EMATs to detect. The depth
information is needed to clearly understand the limit on SCC
identification possible with the current set of EMATs. An
independent measurement of the crack depths and the
correlation of this data with the EMATs signals are needed
before these limits can be ascertained.
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Figure 12: EMAT Scan lines with flaw locations
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IV. CONCLUSION
The new EMAT sensor and the high-resolution approach
proved its feasibility in the first inspection surveys in Saudi
Aramco’s gas and oil pipelines. Both pipeline and coating
related features were found. The high-resolution approach
revealed accurate results and offers further potential for
continuous improvements. The promising results of the first
inspection survey are being further validated within Saudi
Aramco. The data evaluation can rely on multi-dimensional
datasets and 100% sensor coverage. This allows good
characterization of the anomalies found[1]. As compared to
the ORNL model in which the EMAT based inspection system
was designed and tested on a 30-inch-diameter pipe with
natural SCCs. The wavelet algorithms developed to predict the
location of the defects have successfully been able to identify
the cracks. Using the discrete wavelet transform and
decomposing the signal into four wavelet scales, feature
vectors were developed that could distinguish only between
“flaw” and “no-flaw” regions[2]. The analysis and references
in this paper is useful in the early research phases related to
inspection of pipelines using Electro Magnetic Acoustic
Transducers (EMAT).
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ABSTRACT: Thermal images are used for detection and identification of edges in any object due to varying
atmospheric conditions. In this paper, five algorithms, viz, Robert, Sobal, Prewitt, laplacian and Canny edge detection
algorithm are discussed and their performances are compared for optimal edge detection.
Edge detection play a linchpin role in image analysis and able to solve complex problems, it is an important step to
identify object segmentation and help in feature extraction. It basically works on grey level of pixels, it is used to track
targets, compress data, recognition of object etc. as it significantly reduces amount of data and filters out useless
information while preserving important structural properties. Performance of algorithms is decided in considering
accuracy and speed.
KEYWORDS: images, optimal edge detection, grey level of pixels, data compression.
I.

INTRODUCTION

To detect edges, we must have knowledge about infrared imaging/ thermal imaging. Thermal imaging is done to
analyze objects in the dark with the help of black body radiation , all objects emit radiation above absolute zero
temperature. With increase in temperature, emitted radiation will increase thus object appear brighter and clearer then
cooler object. Thermo graphic cameras detect radiation in IR range and produce image called thermograms.
Thermograms represent quantity of IR energy emitted transmitted and reflected by an object, but the controversy is that
because of different IR energy sources, accurate temperature of the object can’t be measured.
Incident Energy= Emitted Energy + Transmitted Energy + Reflected Energy
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Fig1 BLOCK DIAGRAM OF THERMAL IMAGING SYSTEM

Since Emissivity is the ability of material to emit thermal radiation with change in temperature. Its value is between
zero to one and black body is the material which radiates IR radiation at its contact temperature, emissivity of true
black body is one in practicality. The rate of emission of IR radiation produce fraction of true contact temperature and
this fraction is called emissivity. Introduction of thermal imaging system is done for edge detection which has ability to
see through smoke. It detects variation in temperature to differentiate between targets and their backgrounds. Because
of their low cost, they are used in number of industrial and civil applications. Thermal imagers can scan @ 30 times per
second and sense temperature ranging from -40 F to 36000 F.
In fig 1, Lens focuses the IR radiation emitted by the source object [1]. Phase array of IR detector scan the focus light
and hereby detector elements create detailed temperature pattern i.e. thermogram. The thermogram then translated into
electrical impulses. The impulses then sent to signal processing unit then that translate information into data for the
display. The display appears in various colors depending on intensity of infrared emission and the combination of all
impulses create image
II.

RELATED WORK

In [7] A.P. Blicher, used methods of edge detection are discussed. Robert cross operator is first used in computer vision
and image processing. It was proposed by Lawrence Robert in 1963, it calculates gradient of image followed by
discrete differentiation .It is done by evaluating sum of the squares of the difference between diagonally adjacent
pixels. Robert cross operator performs a simple quick two dimensional spatial gradient measurement is discussed in [9]
in which pixel value at each point is output which represent the absolute magnitude of spatial gradient. W. Frei and
C.C. Chen [10] used Sobel operator which is discrete differential operator which evaluate the approximation of
gradient as intensity function. Sobel operator is based on convolving the image with small , separable, and integer
valued filter in horizontal and vertical direction thus is relatively inexpensive . In[8], auhor used Prewitt operator in
which image processing particularly for edge detection[2] used for high frequency variations. In the image it shows
how abruptly or smoothly the image changes as the operator calculates the gradient of image intensity at each point by
giving the direction of the largest possible increase front light to dark . W.M. Krueger and K. Phillips[4] used Canny
edge detector also known as optimal detector[3] it follow the list of criteria to improve the current method of edge
detection .The criteria includes low error rate ,no response to non edges , well localization of edge points ,minimal
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response to noise . X. Jing, Y. Nong, and Y. Shang[11] used Laplacian which is a two dimensional isotropic measure
of second spatial derivative of the image.It highlights region of rapid intensity change, it uses two Gaussian and
laplacian filter.
III.

VARIOUS TECHNIQUES FOR EDGE DETECTION

Edge detection is a basic tool used in image processing. It is a process of identifying and locating sharp discontinuities
of an image. Discontinuities are areas of abrupt pixel change by which boundaries of the object are characterized. It is
used for feature detection and extraction, which aims to identify points in a digital image where brightness of image
changes sharply and find discontinuities. Thus, applying an edge detection algorithm to an image may significantly
reduce the amount of data to be processed and may therefore filter out information that may be regarded as less
relevant, while preserving the important structural properties of an image. If the edge detection step is successful, the
subsequent task of interpreting the information contents in the original image may therefore be substantially simplified.
Traditional approach of edge detection involve convolution of image with 2D filter which is sensitive to large gradient.
They give values of zero in uniform region. Edge detection operators have features like Edge Orientation, Noise
Environment, Edge Structure.
There are two techniques:
Gradient Based: It detect edges by looking for maximum and minimum of first derivative. It includes sobel
operator, prewitt operator, Roberts operator.
Laplacian Based: It searches zero crossings in the second derivative of image to find edges. It includes laplacian of
Gaussian, Canny edge detection.
As we know edges have higher pixel intensity values than surroundings, so once threshold is set we compare the
gradient value and detect an edge when threshold is exceeded. When first derivative is maximum, second derivative is
zero.
IV.

METHODOLOGY

For evaluating the output and generating MATLAB code following steps are taken1. Accept a sample image in two dimensional domain
2. Apply mask Gx , Gy to the input image
3. Apply edge detection algorithms
4. Obtain mask manipulation of Gx and Gy separately on the input image
5. Combine result to obtain absolute magnitude of the gradient
6. Trace the absolute magnitude
V.

SIMULATION RESULTS

A. Gradient based techniques:
a) Roberts Cross-Gradient Operator: It is used in image processing and computer vision for edge detection.
It approximates the gradient of an image by discrete differentiation. Discrete differentiation is done by
computing sum of the squares of differences between diagonally adjacent pixels. It quickly compute 2D
spatial gradient of input image at that point.
Two kernels used as operator here. One kernel is 900 rotated form of other.
Gx=

+1
0

0
-1

G y=

0
-1

+1
0

These kernels respond maximum to edge at 450 to pixel grid.
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Gradient magnitude |G|=(Gx2+Gy2)1/2
Approximate magnitude |G|=|Gx|+|Gy|
Angle of orientation which will give rise to spatial gradient is α=arctan(G y/Gx)-3π/4
As shown in fig 2 firstly we convert the image in 2-D then with the help of two kernals image is traced in xaxis and y-axis respectively .with the help of both x axis and y axis gradient magnitude and orientation is
computed and final detected image is obtained

Fig 2 Simulation Results for Roberts Cross-Gradient Operator

b) Sobels Operator:
It is discrete differentiation operator, calculates approximation of gradient of image intensity function. This
operator works on convolution of image with small separable and integer valued filter in both directions. For high
frequency, it produces crude gradient. The two kernels used here are G x and Gy. For horizontal and vertical derivative
approximation.

Gx=

+1
+2
+1

0
0
0

-1
-2
-1

*A

G y=

+1
0
-1

+2
0
-2

+1
0
-1

*A

* 2D Convolution operation
Soble kernels= Averaging x differentiation kernel
They compute the gradient with smoothing, x coordinate increase in right direction and y coordinate in down direction.
At each point gradient is approximated through
|G|=(Gx2+Gy2)1/2
And the gradient directions α=arctan(Gy/Gx)
α=0 for vertical edge
Intensity function at discrete point is known thus to define derivative of this function, we need to sample image point.
Only eight image points are needed to calculate gradient vector and two discrete filters are separable.
As shown in fig3 x and y axis detection is followed by a figure in which edge is traced with the help of magnitude and
orientation. When we calculate x axis gradient the Gx kernel is convolved with the image. Similarly for y axis detection
we convolved y axis kernel with image.
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Fig 3 Simulation Results for Sobels Operator

c)

Prewitt Operator:

The operator estimates gradient of image intensity giving largest possible increase from light to dark. Only
the difference is of kernels. They are decomposed into averaging and differential kernel.
As shown in fig 4 for x axis detection we convolve Gx kernel with input image. The kernals taken are small and thus
prevent blurring and other problems. Similarly after calculating y axis gradient by rotating Gx kernel by 90 0 we
evaluate magnitude and orientation -

Gx=

-1
-1

0
0

+1
+1

-1

0

+1

*A

G y=

+1
0

+1
0

+1
0

-1

-1

-1

*A

Fig 4 Simulation Results for Prewitt Operator

B. Gaussian Based Techniques:
Laplacian of Gaussain: (LOG Operator) It highlights regions of rapid intensity change. Laplacian is applied
after application of smoothening and approximating Gaussain filter to image, thus sensitivity to noise is
reduced. It takes single grey level image as input and produces another grey level image as output.
L(x,y)=Laplacian of image
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I (x,y)= Pixel intensity values
L(x,y)=∆2I/∆x2 + ∆2I/∆y2
It uses hybrid filter that is the combination of convolution of gaussian and laplacian filter
Three kernels used approximate second derivative which are usually small and very sensitive to noise.
0
1
0

1
-4
1

0
+1
0

1
1
1

1
-8
1

1
1
1

-1
2
-1

2
-4
2

-1
2
-1

As shown in fig 5 applying log operator to the image and with the help of these three kernals the edge of the
image can be detected .
Preprocessing step reduces high frequency noise component before differentiation here convolution is
associative so we convolve Gaussian smoothing filter with laplacian filter. So there are two advantages, due to
small kernels, fewer arithmetic operations are required and LOG operator kernel is pre-calculated so need to
evaluate at runtime.
LOG (x,y)= -1/πσ4(1-(x2+y2)/2σ2)e-(x2+y2/2σ2)

Fig 5 Simulation Results for LOG Operator

d) Canny Edge Detection:
It is most commonly used tool. This is usually used as standard edge detection method. Canny used many ways to
approximate and optimize the edge detection problems. This detector has low error rate i.e. no response to non
edges and the edge are well localized, i.e. difference between edge pixels in detector and actual edge should be
minimum. Here the optimal detector provides good detection, good localization and minimal response. Four filters
used to detect horizontal, vertical, diagonal in image.
|G|=(Gx2+Gy2)1/2
And α=arctan(Gy/Gx)
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Convolution of raw image with Gaussian filter is used for noise reduction. It estimates image gradient by assuming
local maxima in the gradient direction. It uses Hysteresis thresholding in which high thresholds are used to mark out
edges roughly and eliminate noise pixels and low threshold are used for suppression.
More over there are two parameters used in this algorithm which are adjustable in nature thus provide flexibility and
affect the computation time and effectiveness of algorithm. The parameters are:
1.

2.

The size of the Gaussian filter i.e. the smoothening filter used in first stage is small and hence cause less
blurring and allow detection of small sharp lines. A larger filter causes more blurring so if we need to detect
larger and smoother edges we can also use large blurring radii filter.
The use of two thresholds with hysteresis allow more flexibility then in a single threshold approach.
However f the threshold is set too high it can miss the important information , on the other if it is set too low
it will identify irrelevant information.So we have to fix accordingly.
As shown in fig 6 the 2-D original image first passed through Gaussian filter to reduce noise then x axis
gradient and y axis gradient is calculated same as in prewitt and sobal operator. The edge detected image is
then subjected to thresholding and then traced.

Fig 6 Simulation Results for Canny Edge Detection

VI.

CONCLUSION

The purpose of this paper is to compare various edge detection techniques using MATLAB software. We dealt with
gradient based and laplacian based techniques. On the basis of above simulation results shown by fig 2, fig 3, fig 4, fig5
and fig 6. Edge tracing is done in x-axis, y-axis separately then combined result is shown by magnitude gradient, after
thresholding, tracing is done. A satisfactory edge detection algorithm is the the one which provides error less solution
and is adaptable to different noise levels. Canny algorithm is adaptable to various environment, its parameters allow it
to recognize edges of unique characteristic. As the derivation of optimal filter results in finite impulse response
(FIR),which makes computation slow in spatial domain thus Rachid Deriche’s infinite impulse response (IIR) is used
as canny filter. It has features like recursion, short computation, fixed amount of time for desired smoothening
.However it is bias towards horizontal and vertical edges thus it does not give good approximation of rational symmetry
.Gradient based algorithms such as Prewitt filter has major drawback that they are sensitive to noise also size of kernel
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filter and coefficients is fixed so cannot adapt image. Canny’s edge detection is more expensive on the basis of
computation however it performs better than all.
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Abstract: CBIR (Content-Based Image Retrieval) is an
approach in which similar images are retrieved for a particular
query image depends on the image content similarity. The
similarity measurement among the feature vectors and the feature
mining process is the foremost image retrieval task. The
performance of CBIR is depends on both ideal features mined
from the image and the suitable choice of distance metrics
(similarity measures). Various retrieval procedures have been
established to improve the CBIR performances. This paper
presents a summary of several similarity measures utilized in
CBIR and the comparative study of these distance metrics on
texture and color features. By HSV and color moments, color
features are mined and texture features by Gabor wavelet filter
(GWF). Similarity measures such as Manhattan distance (MHD),
Cosine Angle distance (CAD), Euclidean distance (ED), Geodesic
distance (GD), Minkowski distance (MKD), Jaccard distance (JD),
Chebyshev distance (CD), Hamming distance (HD), Mahalanobis
distance (MHBD), Earth mover distance (EMD), Kullback–
Leibler divergence (KLD) and Bhattacharya distance (BD) were
analyzed for feature similarity. The goal of this work is to analyze
the performance of various similarity measures for CBIR. A
systematic comparison of various similarity measures in the CBIR
system for different texture and color feature vectors are done in
this paper. The performance of two CBIR systems such as color
and texture features (HSV, Moments, and GWF) and color and
edge directive descriptor (CEDD) are computed. Using support
vector regression with butterfly optimization algorithm (SVRBOA) classifier, the performance of both the systems have been
compared for different similarity features. The comparative
results are tested on the WANG database and the performance of
all these similarity measures in terms of precision, accuracy, and
recall are evaluated for two CBIR systems.
Keywords: Similarity measures, color features, CEDD, texture
features, CBIR, support vector regression, retrieval images, and
optimization

I. INTRODUCTION
The transmission and storage of a massive amount of
images become possible with the great growth of networks and
computers [1]. CBIR is used for searching the images from the
large scale image datasets according to the request from the user
in the form of a query image [2]. It handles the content of image
like color, shape, and image structure [3] [4] [5].
CBIR is the most effective approach which is used for
retrieving visual data and through the low level features, the
contents of image is described [6]. The feature vector is created
by low level feature that signify the content of all image in the
image database and the image is retrieved depends on the
similarity of image content [7]. The ordered list of the matched
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images is displayed as said by the similarity among the target
and query image [8] [9] [10]. With the support of histogram,
correlogram and color sets, the color features are accomplished.
By the human visual system (HVS), textures are psychophysically observed on the characteristics of direction and scale
of texture patterns. The static texture features utilized the
Markov random field (MRF), edge histogram descriptor
(EHD), Wold decomposition model, gray-level co-occurrence
matrix (GLCM), etc. Similarity measure is computing the
distance among feature vector of the query and database
images. Through the exact usage of distance metrics, the
performance of CBIR is decided.
Minkowski distance is the dissimilarity measures. The
general form of geometric distances is termed as MKD, and its
L1 metric is MHD, Lf metric is CD, and L2 metric is ED. The
major issue of CBIR is to discover the utmost parallel by the
distance metrics. Several similarity measures are already exist
in the CBIR system. This study presents a comparison of
various distance metrics to provide a summary of similarity
measures for CBIR using texture and color features.
The main contribution of the work is to analyze the
performance of various similarity measures for CBIR system
by color and texture features. To do this, the feature extraction
approach of texture and color features are described in the next
section. Here, color features are extracted by HSV and moments
and texture features by GWF. From the images, another low
level feature of CEDD is mined. In the third section, Different
similarity measures of Minkowski, Manhattan, Euclidean,
Chebyshev, geodesic, Jaccard, Hamming, Cosine Angle, Earth
mover, Kullback–Leibler divergence, Bhattacharya and
Mahalanobis are mentioned. In the fourth section, the SVRBOA classifier is used for classification of categories. The
methodology of CBIR system is described in the fifth section.
Using SVR-BOA, the performance of two CBIR system such
as texture and color features and CEDD are calculated in the
sixth section for the different similarity measures. Finally, the
conclusion and future scope of the CBIR system is discussed in
the seventh section.
II. FEATURE EXTRACTION
In the retrieval of images, the feature extraction plays a
significant task and the proper choice of feature provide the
maximum accuracy.
A. Color Feature Extraction
To make other color spaces, the RGB can be changed. The
color space transformation is to create a color space model
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which is identical with human color vision. By the nonlinear
conversion of the RGB, the color spaces like CIE 1976 (LUV),
HSV and CIE 1976 (LAB) are produced. Three characteristics
are denoted by the CIE color spaces that characterize best color
such as saturation, hue, and lightness perceptually. HSV is
easily invertible and also a nonlinear conversion of the RGB.
HSV is one of the color space model and it distinct color from
intensity. This technique is frequently used because it easily
converting the HSV values from the RGB. In this study, HSV
color space and color moments are adopted to extract color
features.
1) HSV color space: In the area of color vision, the HSV
color space [30] is employed. The chromatic elements of
saturation, hue, and value link with the classes of human color
observation. Using Eqn (1), (2) and (3), the HSV values of pixel
can be changed from its RGB depiction.
1
>( R  G)  ( R  B)@
1
2
(1)
H cos
( R  G ) 2  ( R  B)(G  B)
3>min( R, G, B)@
(2)
S 1
RG B

§RG B·
¨
¸
3
©
¹

V

(3)

2) Color moments: In CBIR system, the color moments
have been effectively applied. Also, it provide the minimal
storage, computational simplicity and speedy retrieval [31].
a) Mean: Average color of the image is termed as mean,
and it is given by:

¦

Pi

N
j 1

1
pi , j
N

(4)

Where the amount of pixels is denoted by N and the
pixel of the image at the i th color channel is defined by
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Here, the frequency of sinusoid is denoted as W , and the

SD of Gaussian envelope is defined by
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B. Texture Feature Extraction
Artificially formed visual designs and images of normal
textured surfaces are denoted as the image textures [32].
1) Gabor Wavelet Filter (GWF): GWF is utilized to mine
the texture feature from the image and it is a collection of
wavelets. In texture feature analysis, the orientation and scale
property of GWF [33] is valuable. To mine the texture feature,
the 2D GWF is utilized and it is given by:

(s, t ) (8)

kernel is represented as Gmn and its complex conjugate
*

function is signified as Gmn . For dissimilar scale and
orientation, Gabor filter is applied for a particular image
I ( x, y ) and it computes the group of magnitudes.

E (m, n)

¦¦ G
x

Where n

0,1, ...., N  1 and m

mn

( x, y)

(9)

y

0,1, ...., M  1

In different orientation and scale, these magnitudes denotes
the content of energy. The objective of texture based recovery
is to discover the images with parallel texture. To denote the

similar texture feature of the image, the mean ( P mn ) and SD (

V mn ) of the magnitude of the changed factors is utilized and it
is given by:

P mn

V mn
Using

(6)

*
mn

t

Where the filter variables of mask size is denoted as s and
t . In the scale n and orientation m , the density value of Gabor

pi , j .

c) Skewness: The color distribution's shape information
is obtained by Skewness and is evaluate the asymmetric the
color distribution.

§1
¨
©N
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V x  V y .

Consider the grayscale dissemination of image I ( x, y ) and
its distinct Gabor wavelet transform is obtained through
convolution is computed by:

b) Standard Deviation (SD): Square root of the color
distribution's variance is called SD.
N
§1
2·
Vi
¨ ¦ j 1 ( pi , j  P i ) ¸
©N
¹
Here, the mean value is denoted by P .

1
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2

y
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P mn and V mn , a feature vector ( f g ) is formed as the

feature elements. In general operation, 6 orientations and 4
scales are employed and the length of feature vector is 48 is
given by:

fg

^P00 ,V 00 , .........., P35 ,V 35`

(12)

C. Color and Edge Directivity Descriptor (CEDD)
There are 6 regions, which are constituted the CEDD
histogram [34] found by Texture Unit. By 24 distinct regions,
every single region is formed which obtained from the color
unit. The last histogram contains 6 × 24 = 144 areas. The images
are separated into a 1600 image blocks (IBs) to shape the
histogram. To compromise among the computational power
and the image detail, this number was selected and all IB is
continually feeds all the units. If the texture unit outcomes are
defined as N and color unit results are denoted as M by the bin,
then the IB is located in the output histogram location N × 24 +
M.
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In texture unit, image block is distributed into 4 sections,
which are named as Sub Blocks. All sub block value is termed
as the mean assessment of the pixel radiance. From the
alteration through the YIQ color space, the luminosity values
are derived. Five digital filters namely non-directional edges,
horizontal, 135-degree diagonal, vertical and 45-degree
diagonal are used to filter each image black. Also, it is
categorized into the number of texture groups using the
pentagon’s diagram. NDE (Non Directional Edge) defines the
classification result in the second bin. The flowchart of CEDD
is shown in figure 1.

n

¦

d (F ,J )

1
p p

Fi  J i

(13)

i 1

Here, the order of distance metric is denoted as

p.

B. Manhattan Distance (MHD)
MHD [35] is also termed as L1 distance and it computes the
direct grid distance with the diagonal movements and the
pixels. As compared to the ED, the MHD metric is retrieve the
images at a quicker rate. This distance is computed by:
n

¦F

d (F ,J )

i

Ji

(14)

i 1

C. Euclidean Distance (ED)
ED [35] is also termed as L2 distance and it denotes distance
of the line sector linking two points in a feature set. The images
are having n -dimensional feature vectors in image retrieval and
processing, so the n- dimensional ED is employed. If consider
the two RGB images x and y then the ED is computed by:
n

¦

d (F ,J )

Fi  J i

2

(15)

i 1

Figure 1: CEDD flowchart
All IB is placed at the HSV in the color unit. Evaluated the
H, S, and V values and the fuzzy scheme inputs is constituted
that forms the fuzzy 10-bins histogram. Red color is denotes the
taxonomy result in the fourth bin. The hue of color and shapes
of the fuzzy 24-bins histogram calculated from the previous
scheme using the second fuzzy system through the mean values
of S and V. Again the structure categorizes this block in the
fourth bin that represents the dark red color. In the 27 bin (1 ×
24 + 3), the grouping of 3 fuzzy systems are classified the block.
For each blocks of the image, the procedure is recurrent. The
histogram is normalized at the end of the procedure in the
interval {0-1}. Then, in 3 bits, all histogram value quantized.
A 3 bits/bin quantization is employed for the limit of the
CEDD length and its entire distance is limited in 144 × 3=432
bits. To compute the table of quantization, a 10000 images was
employed. At first, vectors of CEDD were estimated for the
whole number of images. The entry of the fuzzy Gustafson
Kessel method is constituted by the 10000 × 144 components
that divides the volume of the samples in 8 sections. From the
decimal area {0-1}, this taxonomy maps the bin values to the
integer part {0-7}. The selected parameters of Gustafson Kessel
is clusters 8, e=0.002, m=2, and repetitions 2000.

It is also known as quadratic distance which gotten as:

d ( F , y)

A. Minkowski Distance (MKD)

p between two points X
X [ F1 , F 2 ,...F i ,....F n ] and Y Y [J 1 , J 2 ,...J i ,....J n ] belongs
to feature space R is given as:
The MKD [35] of order

'

2

(16)

D. Chebyshev Distance (CD)
CD [36] metric is also called as chessboard and it is obtained
if limiting value reaches to infinity. If consider the two points
( F , J ) , then the CD metric is calculated by:

d ( F , J ) max in 1 F i  J i

(17)

E. Cosine Angle Distance (CAD)
CAD metric effectively finds the angle of cosine among the
Eigen values of vectors. CAD is calculates as:
d (F ,J )

¦F y
¦ F ¦J
i

i

i

2
i

i

i

2
i

F i .J i
Fi J i

(18)

F. Mahalanobis distance (MHBD)
MHBD [36] is also called as quadratic distance and it
computes the differences among two groups. MHBD is
computed by:

d (F ,J )

III. SIMILARITY MEASURES
In CBIR, similarity measures (distance metrics) play a
significant task and CBIR computes the optical similarities
among a database images and query image. The main aim is to
find the distances amongst the query and raw data images.
Some of the distance measures are discussed in the following
section.

X Y . X Y

Where,

( F i  F j )T C 1 ( F i  F j )

(19)

xi and y j are the two vectors and the covariance

matrix is denoted as C
G. Jaccard distance (JD)
JD [38] is calculated for difference between two vectors and
is given by:

d JD (a, b)

JD11
JD01  JD10  JD11
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(20)

Here, the JD among the objects a and b is denoted as d JD
and the variable index k ( 0 to n  1 ) denoted as y for
estimating two statistics records with n binary variables. The
four several combinations such as (0/0), (0/1), (1/0), (1/1) can
be derived between

F a, k and F b, k when

IV. SUPPORT VECTOR REGRESSION (SVR)
By the certain fixed mapping, the input F is mapped into an
m-dimensional feature space in SVR [39] and the model is
made by:

relating the binary

f (F , Z)

variables.

m

¦Z g
j

j

(F )  b

(27)

j 1

As every single paired variable be appropriate to one of
these sets, it can be simply realized by:

JD00  JD01  JD10  JD11 n

(21)

JD00 is discarded as the JD is built on joint presence.
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1
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¦Q  D
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i

Here, the number of bits is denoted as M , the exclusive OR
is denoted as  and two picture features are defined as Q and
D.
I. Geodesic distance (GD)
The geodesic distance d A ( p, q) computes the shortest
distance ( L ) of the pathway
two pixels p and q is given by:

d A ( p, q) min ^L(5) p1

^P

( p1 , p2 , ...., pt )` between
q and 5  A ` (23)

p, pt

Here, the geodesic mask is denoted as A . The shortest
length of the paths are termed as geodesics [41].
J. Earth mover distance (EMD
It computes the distance among
distributions can be given as [22]:
DL2 ( x, y)

¦

N

two

probability
(24)

K. Kullback–Leibler divergence (KLD)
This metric considered as relative entropy of two
distributions as given by [22]:
d kullback ( x, y )

¦

N

i 1

xi log

yi
xi

(25)

L. Bhattacharya distance (BD)
It estimates the similarity of two probability distributions
can be given as [42]:
Mx  My
Dbatt ( x, y )

reducing m the complexity is decreased at the identical
period.
A. Butterfly Optimization Algorithm (BOA)
BOA [40] imitates the food hunting activities of butterflies.
With certain intensity, all butterfly produces fragrance which is
associated with its fitness value. In smart search stage, each
butterfly update their new positions in every iteration using Eqn
(31) and (32).
(31)
It will move randomly if a butterfly is not capable to detect
fragrance of the others is given by:
xi

xi

xi  (r 2 u g *  xi ) u f i

xi  ( r 2 u x j  x k ) u f i
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(32)

k th butterflies is denoted

individually. The current finest solution is

*

denoted as g , and r is a number in random in the range [0, 1].
The magnitude of the fragrance is denoted as f is given by:
(33)
Where, the sensory modality is denoted as c , the stimulus
intensity is represented as I , and the power exponent dependent
on modality is denoted as a . Then the fitness values are reestimated. This procedure is recurrent up to the end condition is
fulfilled and the output of the BOA is the final good solution.
f

( X i  Yi ) 2

i 1

( j 1, ..., m) and b is the bias. The statistics is expected to be
zero mean, so the bias is dropped. By H -insensitive loss, the
SVR is executes in the high-dimension feature space and by
2

H. Hamming distance (HD)
Collective of different bits on M categorized by HD [38] in
bit designs D and Q, The total amount of bits in the design is
given as:

HD

Here, a set of non-linear changes is denoted as g j ( F )

cI

a

B. Parameter optimization of SVR using BOA
Initially, the BOA components of maximum number of
iteration and the number of agents are set. Within
predetermined upper and lower bounds, the SVR-BOA begins
with a randomly created set of candidate solutions. In this case,
C, J , and H represents the three-dimensional vector of each

solution. Here, C , J and H are the SVR parameters to be
optimized. The SVR model output is utilized as the impartial
function. This procedure is frequent till the best solution is
obtained or else the process continues to the next iteration.
V. METHODOLOGY

In this paper, develop the retrieval of an image which
depends on the color features (HSV, color moments), texture
feature (GWF) and CEDD for analyzing the performance of
different similarity measures Experiments are performed to
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examine the influence of similarity measures on dissimilar
kinds of images using MATLAB.
1. From the MATLAB environment, the database images
are loaded.
2. From the database, the query image is chosen
3. Using HSV and color moments, the color features are
mined for database and query images. The texture
feature is extracted by the GWF.
4. In this system, both features are joined to form the
feature vectors. From the images, another low level
feature of CEDD is mined that combines the texture and
color features in one histogram.
5. Similarity measures were utilized for performance
evaluation.
6. SVR-BOA is used for classification of categories.
Performance metrics of accuracy, precision and recall
are estimated. Performance of two CBIR systems such
as color and texture features, and CEDD are computed
based on the different similarity measures.

B. Performance analysis
The performance of different similarity measures are
evaluated using texture and color features. Using the HSV and
color moments, the color features are mined and the texture
features are mined by the GWF. In this system, the texture and
color features are merged to create the feature vector. Then the
CEDD feature is mined from the images which combined the
texture and color features in one histogram.

VI. SIMULATIONS & RESULTS
Using MATLAB environment, the feature mining
approaches and similarity measurement methods are
implemented. In proposed (SVR-BOA) method, WANG
database is applied to estimate the performance of the CBIR.
Each images have 256 x 384 size and these images are
distributed into 10 classes. The database contains 1000 images
with 10 classes as shown in figure 2. These are Flowers,
Building, Buses, Beach, Dinosaurs, African People, Horses,
Food, Mountains and Elephants. Each category having 100
images approximately. Due to the database size and class data
availability which permits for evaluation of performance,
different features are tested by WANG database.
A. Performance Assessment Metrics
A different evaluation metrics such as accuracy, precision
and recall are employed to assess the performance of retrieval
images.
Accuracy: The amount of retrieved relevant images to the total
number of retrieved images ratio is known as accuracy.
Precision: It calculates the fraction of retrieved relevant images
to the sum of the retrieved images.
Recall: It computes the fraction of the amount of relevant
images recovered to relevant images available in the database.

Figure 2: Some examples of WANG image database
Table 1 provides the comparison of several similarity
measures for both CBIR system. Different performance is
analyzed for various distance metrics. Using SVR-BOA, the
performance of accuracy, precision and recall can be computed
for both feature vector space for different similarity measures.
From this table, for the color and texture feature vector, the
hamming distance metrics provides the best performance as
well as the Chebyshev distance metrics given the best
performance for CEDD feature vector. Hamming distance
metric easily computes the distance values for the color and
texture features. Moreover, it is a natural similarity measure
over binary codes and it can be evaluated using a few machine
instructions. Also, it has been displayed that one can execute
particular nearest neighbor search in hamming space
significantly faster than others. Also, the chebyshev distance
requires minimum time to decide the distances among the
datasets. Therefore, the hamming and chebyshev distances
given the best results for the color and texture feature vectors
and CEDD feature vector.

Table 1: Comparison of various similarity measures for both CBIR systems
Color & Texture Feature Vector Color and Edge Directivity Descriptor
Similarity measures
Accuracy
Precision Recall
Accuracy (%) Precision (%)
Recall (%)
(%)
(%)
(%)
Minkowski Distance
83.2
78
86
87.2
85
84
Manhattan Distance
84
80
84
87.6
81
96
Euclidean Distance
85.6
75
90
87.2
84
88
Chebyshev Distance
83.2
80
74
90
93
84
Jaccard distance
86.4
83
80
87.6
86
86
Hamming distance
87.2
77
92
89.2
84
90
Cosine Angle Distance
86.4
92
74
86.4
80
88
Mahalanobis distance
83.6
82
82
88.8
88
90
Geodesic distance
84.3
81.5
79
88.4
85
83
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Earth mover distance
Kullback–Leibler divergence
Bhattacharya distance

86
83
81

90
87
78

VII. CONCLUSION
In this paper, presented the summary of various similarity
measures which are employed in the applications of image
retrieval. The comparative study of nine different distance
metrics such as Minkowski, Manhattan, Euclidean, geodesic,
Chebyshev, Jaccard, Hamming, Earth mover, Kullback–Leibler
divergence, Bhattacharya, Cosine Angle, and Mahalanobis
distance are executed on texture and color features. The key
purpose of the work is to study the various similarity measures
for CBIR. The color features are mined by the HSV and
moments, then the texture features are mined by GWF. Another
low level feature of CEDD is mined which fuses the color and
texture features in one histogram. Using the SVR-BOA, the
classification accuracy, precision and recall can be compared
for both feature vector space for different similarity measures
and can be found that for particular type of database which type
of similarity metric is best suitable. Experiment result suggest
that for WANG database gives best result for CEED feature
vector space if Chebyshev similarity measure is applied.
Hamming distance measure gives best performance for color
and texture feature vector. It is proved that the process of
retrieval is not only be subject to on the depiction of image
content but similarly on the similarity measures in CBIR.
Future directions can be the optimization of similarity measure
for CBIR applications.
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Abstract:
CBIR (Content Based Image Retrieval) is utilized for retrieval of various kinds of images from a huge database.
In the database, the collection of information is available in various formats like chart, graph, image, text, etc.
Here, information retrieval is our main focus which is available in the image form. Searching and retrieval of the
image from a collection of databaseis a difficult problem because it utilizes the image visual information like
color, text and shape for indexing and representation of an image. In the previous years, several methods have
been established for CBIR. The key goal of the paper is to provide the analysis of CBIR systems. This paper
analyse current trend and methodologies of CBIR schemes. Moreover, this paper presented the CBIR system in
the early years and at the end of the years. Extensive reviews including theory, design, principles, approaches,
implementation, challenges, future directions and performances of CBIR are done in this paper. A comparison
between various CBIR systems has been performed. This survey systematically provides a technical direction to
the researchers over the CBIR system and discusses the potential future aspects.
Keywords:
Image retrieval, texture features, content based image retrieval, feature extraction, color features.

1. Introduction
Image retrieval (IR) is the procedure of seeking and recovering the digital images from a group of database.
To recover the significant images, the efficient IR scheme is used to function on the set of images depends on the
demand image [1].It covers two approaches such as text based and content based. The text-based method can be
followed back to 1970s. The text descriptors have actually interpreted the images in such systems. Then the
database management system (DBMS) is employed to implement the image recovery. This system has two
drawbacks [2]. First, for manual annotation, a significant amount of human labour is utilized. Next is the
annotation in precision owing to the subjectivity of human observation. To solve this issue, a CBIR system was
presented. CBIR [3] uses the visual contents generally named as features like texture, shape,color, and so on.
These attributes are utilized to search images from a huge database depends on the user’s requests in the query
image.
CBIR of graphical information needs a model that varies from both text based image schemes and outdated
databases. The main task is to progress the techniques by enhancing the recovery accuracy and decrease the
retrieval time [4]. IBM established the QBIC (query by image content) in earliest CBIR in 1980’s that employs
the low level features like text, shape and color but it does not contain any semantic level. The QBIC desires the
evaluation of the query, the mode of image depiction and the query depiction. Moreover, CBIR employs the
computer vision requestprocedures to solve the difficulties establish in IR is termed as CBVIR (content based
visual information retrieval) [5]. In the fiction of CBIR, the main critical task is to logically map among the low
level features and high level semantic ideas [6][7]. To decrease the semantic gap among pictorial data and the
productivity of human semantics, several techniques and algorithms were used in the recent decades.
Using the collection of images, the common CBIR is utilized for query matching. The process of query
matching is performed by CBIR using the specific type of images such as fingerprints, X-ray images of specific
organs and so on [8]. In the medical field and medical diagnosis, CBIR has enormous applications. Anextensive
amount of medical images are produced by the cardiology and radiology department [9]. Generally, six steps are
included in the CBIR systems. They are preprocessing, feature extraction and selection, classification and
relevance feedback [10]. Initially, the image is obtained from a large number of databases. The preprocessingstage

is employed to eliminate the noise from an image. It includes the segmentation process by noise deletion filter.
Hence, thinning and noise are removed. Also, it is used for object detection that successfully employed for image
removal applications [11]. The features of the objects are mined in the feature miningphase and further used for
the depiction of extreme applicable data for a broad classification of the image [12]. Then the feature selection is
employed to enhance the classification accuracy by decreasing the feature space [13]. Two phases like testing and
training phases are included in the classification [14] process. Relevance feedback provides the feedback to the
prior outcome that improves the effectiveness of the image retrieval systems. Due to the storage issues,
computational complexity and usability, the various kinds of challenges happen in the CBIR system [15].
The major contribution of our paper is to discuss the survey of CBIR system. To do this, the fundamental
explanation of CBIR system is described in the next section. In the third section, describe the CBIR system inthe
early years which includes the theories, implementation, approaches, applications, and trends of the new age. In
the fourth section, describe the CBIR system at the end of the years which covers the approaches, challenges and
future directions of the image retrieval. In the fifth section, the current trend and new methodologies of CBIR
system are described. Then in the sixth section, the different comparison of CBIR system is analysed. Finally, we
summarize our conclusions and depict future scope to be done.

2. Content based image retrieval (CBIR)
The contents of the images are employed in the CBIR to signify and access the images from the group of the
database. Atypical CBIR system is separated into two types such as offline feature extraction and online image
retrieval.
The structurespontaneously mines visual features from the images based on the pixel values in the offline stage.
Then it stores within a system in a different database termed a feature vector database [16]. The size of the feature
data is smaller for every single features than the image data. In the database images, feature database covers a
solid form of the images. Noteworthy compression can be achieved by feature vector depiction of image database
over the genuine pixel values.
In the online image recovery, the user provides a query image to the system in search of preferred images. The
system denotes the query image through a feature vector. Then the comparison among the feature vectors of the
query example and those of the images are estimated and graded. Using the indexing method, the retrieval process
is estimated to deliver the effecting scheme of probing the image database.At last, the systemranks the retrieval
outcomes and then produce the relevant images.

Database
image

Query
image

Feature extraction
Feature extraction
Image features

Feature matching

Retrieved images

Figure 1. CBIR system

The common structure of CBIR is exposed in figure 1. In the beginning, the visual attributeslike text, shape,
color and spatial features are mined from separate images for the given image database. The feature vectors denote
the mined features. Then these feature vectors are kept to generatean image feature database [17].Likewise, for a
specified query image, the features are mined and then stored to generate a feature vector. In the image feature
database, this feature vector is synchronized with the previously stored vectors. To decrease the computations, the
dimension reduction methods are utilized. The distance among the feature vector of the query image and those of
the images is computed. The query image distance is zero in the database. In the cumulative order, the distances
are kept and recovery is executed by indexing method.

3. CBIR at Early Years
CBIR is most significant field in the previous decades. Different visual attribute depictions have been
discovered and numerous schemes were made.

3.1 Relevance Feedback: A Power Tool for Interactive CBIR
CBIR denotes the two features which are given as:
1.
The gap among high level ideas and low level attributes
2.
Preference of human sensitivity of visual content.
The high level query for users and acuity subjectivity are taken during the retrieval procedure [18] depends on
the user’s response by energetically modernized weights. The simulation outcomes verified that the developed
method significantly decreases the user’s exertion of covering a query and captures the user’s data.

3.2 The Bayesian Image Retrieval System, PicHunter: Principle, Application, and
Psychophysical Tests
The four main contributions [19] are created by PicHunter project about on CBIR system.
 A common Bayesian structure is denoted by PicHunter. It defined for utilizing significancecomments to
direct a search.PicHunter employs Bays’ rule using the explicit model of what users would do, to forecast
what the objective is they need, specified their activities. This is accomplished by a likelihood ofsharing
over probable image goals.
 At every iteration of the search, an entropy lessening display procedure is utilized to improve the data
achieved from a user.
 PicHunter uses the hidden annotation instead of the inconsistent/inaccurate annotation framework.
 To measure the enactment of the scheme, the two new methods are introduced in the PicHunter and
psychophysical tests are presented that assist the hypothetical privileges.

3.3 An Image Retrieval System with Automatic Query Modification
For the duration of a retrieval process using a new innovation of intra-query alteration and erudition in user
perception, the CBIR system effectively reports the inherent subjectivity. To create an objective level vision of
the query image, a color segmentation method is utilized [20]. Spatial and shape features of distinct parts are
employed for retrieval color and image depiction.By handling the features of the query part, the set of alterations
automatically created in this system. The primary estimation of user perception is erudite from the feedback of
the user and further delivers the set of altered images. In the first database search, the system enhances the accuracy
and lessens the overheads of database image. To validate the possibility and benefits of the retrieval system, the
broad tests have been conducted.

3.4 CBIR Based on a Fuzzy Approach
CBIR system deal with the uncertain in the user queries and the essential ambiguity in image depiction. Fuzzy
set concept is utilized in the image retrieval is acknowledged as Fuzzy Image Retrieval SysTem (FIRST) [21].
This technique employs the different ideas. The FIRST can solve the graphical sketch based, exemplar based and
linguistic queries including region labels, spatial relations and attributes by FARGs (Fuzzy Attributed Relational
Graphs) to signify images. Here, the image region is denoted by every node and the relation among two regions
are denoted by every edge. The given query is transformed into a FARG. To equate the query graph with FARGs,
a low computational fuzzy graph matching procedure is utilized in the database.

3.5 CBIR - Methodologies and Trends of the New Age
Particular important conditions of automated annotation and CBIR [22].


Feature Extraction:Most of the structures achieve a feature extraction procedure as a preprocessing
stage. It provides the local descriptor or image features. The local descriptor, for example, text and shape.
Global image feature, for example, histogram.



Retrieval Schemes:Once a judgement on the visual attribute set is generated, how to direct them in the
direction of correct image retrieval is the next concern. To solve this issue, a semantics sensitive method

is utilizedin the image retrieval. The key point of this method is its retrieval speed. Moreover, region
based image retrieval has been presented in this approach.


Annotation and Concept Detection:To determine images pertaining to a given concept in the absence
of reliable meta-data, a practical CBIR system is used. All attempts at automated concept discovery,
explanation, or semantic indexing essentially follow to that objective more closely.

3.6 CBIR: Theory and Applications
CBIR methodology is employed in different applications [23] such as corruption avoidance, digital libraries,
medicine, finger print identification, biodiversity data schemes and historical study.

4. CBIR at the End of Early Years
A fast development in the volume of image data and the uncertainty in outdated TBIR (text-based image
retrieval) structures have made the research field of the CBIR scheme. To create the possibility and efficacy of
the developed learning and retrieval background, a retrieval performance is utilized.

4.1 Dynamic User Concept Pattern Learning Framework for CBIR
4.1.1 Image Processing Techniques:
1) WavSeg Image Segmentation: WavSeg method is used to partition the images instead of manually dividing
each image into many overlapping regions. In WavSeg, a wavelet analysis with the SPCE [24] procedure is usedto
division an image into sections.Using the wavelet transform and selecting suitable wavelets, the high frequency
elements vanish in the large scale sub bands. So, the conceivableareas are evidentlyinvestigated.
2) Image Feature Extraction: Image features are mined from both the query image and the image saved in
database.
a) Color Features:HSV color space and its variants are confirmed to be particularly agreeable to color image
investigation.By the color classification, the color space is quantized according to the HSV ranges. Here, the
twelve colors are identified such as white, red, green, black, yellow, purple, blue, red-yellow, purple-red, greenblue, yellow-green, and blue-purple. The hue is separated into the five transition color slices and five main color
slices. Each transition color slice which includes yellow-green, is considered in both adjacent main color slices.
b) Texture Features:By the Daubechies wavelets, the single stageWT (wavelet transformation) is employed to
create the four sub bands of the new image. The diagonal, the vertical and the horizontal detail sub image are
included in this method. Six text features are obtained for every image area. The 13 color features and the six text
features of every area are mined after image segmentation. Thus, for each image, the number of its regions is
equal to the number of regions within that image.
4.1.2 Neural Network Techniques:To map the region of image into the user’s high level model, a 3-layer feed
forward neural network (NN) is employed. A low level feature of an image region is denoted by the input layer.
The hidden nodes are involved in the hidden layer. The output layer covers only one node. The output displays
the range to which an image area fulfils the user’s idea. The back propagation (BP) learning procedure is used as
the gradient based search technique and the 3-layered feed forward NN is used as the mapping function.

4.2 An Innovative Evolutionary Method for Improving Content-Based Image Indexing
Procedures
Once the element of the indexing procedure is altered every time, all images should be indexed for a second
time in the database. For this reason, the optimization of CBIR [25] systems is time consuming and difficult task.
To find the ideal components of content based image indexing procedures, an evolutionary group algorithm (EGA)
is utilized for a complex time overwhelming development issues. The total image database is distributed into

different smaller subsets. During evolution, every single subcategory is utilized by an updation procedure as
training designs for every gene. A component termed age is defined for every chromosome that indicates the
development of the updation procedure. EGA is employed to improve the wavelet-correlogram quantization
thresholds process for CBIR. By EGA, the ideal quantization thresholds calculated that enhanced greatly.

4.3 Localized CBIR
Here, the user is just involved in a portion of the image [26] and additionally the rest of the image is
inconsequent.
4.3.1 ACCIO:A labelled images are used as a manifold instance learning procedures to classify the required
object in localized CBIR scheme. It measures the amount of features and rank the images by the similarity measure
in the database which depends on the pertinent image portions. The main task for restricted CBIR is how to denote
the image to obtain the content. The assessment between two image depictions, salient point-based and outdated
segmentation based methods are utilized to obtain content in a restricted CBIR system.
4.3.2 Segmentation Based Image Representation:Here, the power of separation and segmentation with
neighbors are joined with the appropriate attentiveness of neighbors. Every single images are transmuted into the
YCrCb color space and then use a wavelet texture ﬁlter. Every pixel has three texture features and three color
features. IHS algorithm is used to segment the image. Since often it is the immediate surroundings and it allowsfor
a more difficult and descriptive deﬁnition of the content of the image. The neighbours to the east, west, south, and
north are estimated for every segment. The feature vector for each segment is improved with the feature
differences between its features and its neighbours’ features.
4.3.3 Ensemble-EMDD:EM-DD gives the knowledge of which point relates to bag’s label as a missing feature
andto convert the MI (multiple-instance) learningissue to a standard supervised learning issue, the expectation
maximization (EM) algorithm is used. It initiates with a primary value for scale vector and goal point and then
frequently executes the succeeding two stages.
At first, the current and scale vector are employed to select one point from every bag. It is maximum possible
to one accountable for the label.
Second, to discover the target and scale vector, a two phase gradient search is employed that enhances the DD
quantity.

4.4 Image Color Distributions based Adaptive Color Feature Extraction
By deliberating the color spreading of an image, an adaptive color feature mining is employed [27]. Variable
cardinality (VC) and fixed cardinality (FC) are used to mine color features according to the BQMP (binary
quaternion-moment-preserving) thresholding method by avoiding the color circulation of an image up to the third
instant. Moreover, it decreases the falsification happened for the duration of the extraction procedure. Also, it
using the EMD (earth mover’s distance) as the distance of color features and additionally, it needs an effective
and efficient distance measure, relating histogram by clustering. The outcomes provide that the hardware
execution can obtain the second order of magnitude development than the software execution. Also, it enhances
the precision of the various applications, decreases the uncertainty and assesses the significance of the extraction
approaches by application related to the CBIR. The developed method can improve the average retrieval accuracy
rate by a factor of 25% which is commonly utilized to mine the color feature.

4.5 Methodologies, Challenges and Future Way of Image Retrieval
The development of the recovery methods [28] effort on challenges, improvement and other future way of the
image retrieval is described. The exceptional problems are already highlighted. Owing to the short-tempered
progress of image data, requirement of investigation and growth of Image Retrieval are mandatory. Semantic gap
is the clarification discrepancy between image descriptors and high level semantics. It also covers the semantic
gap problems, user query approaches and general methods employed to fill the gap in image retrieval.
Nevertheless, existing image retrieval studies are still absence of expressive semantic image portrayal and user
behavior attention. Text queries can deliver maximum exact portrayal of users statistics desires for user query.
For improved image sympathetic amongst machine and human, it offer extreme support in the direction of
connecting the semantic gap among high level ideas and low level features.

4.6 An Advanced System for CBIR Using Texture and Color Features

To establish plentifully accessible digital images, informal classification, retrieval radical internet and digital
methodologies have enforced a requirement to have a system. According to the capacity of an image, qualified
significance of hue is estimated with regard to the visual goods of the human eye [29]. To make a color histogram,
the system is effectively used and it valuable for CBIR applications. The feature extraction method such as text
and color is used in the CBIR. These features are mined by color histogram and WT. The mixture of these feature
is vigorous for scaling and transformation of things. This approach is more effective than the common CBIR and
it employs the single visual feature and other schemes which have the combination of color and text features.
5. Current Trend and Methodologies
A system is necessary to arrange possible digital images for easy retrieval and categorization by the
revolutionary digital and internet.

5.1 Effective Relevance Feedback by Mining User Navigation Patterns for CBIR
By considering the user’s feedbacks, a number of feedback methods [30] were used in the CBIR to get
additional incomes such that exact consequences. To generate beneficial search outcomes, existing significance
feedback-based CBIR approaches regularly demand a number of iterative feedbacks in an extensive image
database. This is irrational and incompetent in genuine applications.
The high effectiveness and efficacy of CBIR is achieved, NPRF (Navigation-Pattern-based Relevance
Feedback) is used with a significant image data. Using the steering designs gotten from the user query log, the
repetitions of comment are decreased significantly. To congregate the search space in the direction of the
operator’s target, NPRF technique uses the exposed navigation designs and three types of question improvement
approaches like Query Expansion (QEX), Query Reweighting (QR), and Query Point Movement (QPM). In a
small number of feedbacks, high superiority of image retrieval over RF can be abled using NPRF way. The NPRF
scheme delivers the best result in terms of precision, number of feedbacks, and coverage than other approaches.

5.2 Local Tetra Patterns: An Innovative Feature Descriptor for CBIR
By LTrPs (local tetra patterns), an image indexing and retrieval procedure is utilized. By calculating gray-level
variance, the LTP (local ternary pattern) and LBP [31] (local binary pattern) are encode the relationship between
the referenced pixel and its nearby neighbors. The developed scheme encrypts the relationship among the
referenced pixel and its neighbours based on the instructions that are computed by the ﬁrst-order derivatives in
horizontal and vertical directions.

5.3 Deep Learning for CBIR: A Comprehensive Study
Comparison methods and learning effective feature depictions are required for the retrieval performance of a
CBIR system. Even though wide-ranging investigation efforts for years, it is a most interesting difficulty that
significantly obstacle the achievements of real-world CBIR schemes.
The semantic gap is the main interesting problem that occurs among high-level semantic ideas observed by
human and low-level image pixels taken by machines. To reduce the semantic gap, machine learning (ML) has
been dynamically deliberated as a promising direction among several methods. This paper [32] is an attempt to
address an open issue stimulated by current achievements of deep learning (DL) methods for computer vision and
other applications.
5.3.1 Problem:Considering the DL is an effective scheme for reducing the semantic gap in CBIR. Also, by using
the state-of-the-art DL approaches, how much developments are accomplished in CBIR for similarity measures
and learning feature depictions. With a wide-ranging set of experimental investigations, a structure of DL with
application to CBIR errands is examined using a state-of-the-art DL technique under different surroundings.

5.4 CBIR in E-Commerce for Quality Products
Existing literature websites are based on physical search. For a specific search, the user who gained the products
is not in good quality which seem to be a relevant search. Also, the user attains the desired product after the
browsing of entire section.
To effectively recover the better quality of product, CBIR in E-Commerce [33] permit users as per own
decision. According to image retrieval to sketch,the structure is prolonged the CBIR ideas.Through the product
sketch drawn over the UI, the products can be recovered. The operator can recover good quality things through
designing the preferred product in the drawing panel.

The developed method concentrates on the superiority element. This is the significant part of some products to
be obtained. As per his/her necessities, user develops the better quality of product. User has the freedom to draw
the wanted things in the input panel using GUI or to upload an image for his/her search. Search retrieval will
depend on the external and internal attributes of the things. To retrieve good quality product, the internal attribute
will be used as the fundamental for users.

6. Comparison of various CBIR systems
Here we haveanalysis the some of available CBIR search engine on internet. We have used a query image on
these engines and tried to retrieve the few images. Some of the retrieved images are relevant and some of them
are not relevant. We tried to estimate the precision of the systems depends on these data.
Pr ecision 

relevant document retrieveddocument (1)
retrieveddocument

From this equation (1), the precision value is obtained for each search engines. The highest precision value of
search engine is the best selection for image retrieval. Different search engines are described in the following
section.

6.1 Some of the Available Systems
Different search engines like Google Image Search Engine, AKIWI, MIFILE, PIRIA, and RETRIEVR are
used for the CBIR.
6.1.1 Google Image Search Engine:A feature that utilizes reverse image search is Google's Search by image, by
uploading an image URL or image it allow users to search for the related images. By constructing a mathematical
model and analysing the submitted picture, Google is processed this. In Google's databases, it is then compared
using billions of other images before returning matching and similar results. Meta-data about the image is used
by Google such as description.
URL:https://www.google.co.in
Example: In Google image search we uploaded a White House image, Google has retrieved all the other relevant
images of the White House. Out of 20 images, all the images are of White House only. Hence the precision of
GOOGLE is,

Pr ecision 

20
20

(2)

Figure 2. Search engine of Google

6.1.2 AKIWI:Akiwi is a semi-automatic image tagging system with minimal user input, it is able to suggest
keywords for uploaded images. It uses visual search algorithms from pixel resolution to propose keywords using
22 million images from fotolia.
URL:http://www.akiwi.eu/

Example: Here in Akiwi we uploaded an image of Monarch Butterfly. Out of 16 retrieved images all are relevant
to the query image. Hence precision of AKIWI is,

Pr ecision 

16
16

(3)

Figure 3. Search engine of AKIWI

6.1.3 MIFILE:This method only depends on space transformation. Here, the well-ordered arrangements of
reference objects signifies the data objects based on the distance of the reference objects. It permits users to
execute suitable similarity search on enormous datasets. It is having a dataset of more than 100 million images
that were built using the MI-File library.
URL:http://mifile.deepfeatures.org/
Example: In this, we uploaded an image of a Monarch Butterfly. The system retrieved a set of 15 images out of
which 11 are relevant to rest 4 images are also closed to the query image , but there is some differences in query
and retrieved image. Hence precision is,

Pr ecision 

11
15

(4)

Figure 4. Search engine of MIFILE

6.1.4 PIRIA:The expansion of PIRIA is Program for Indexing and Research Images by association. To discover
the related images to a query image, this search engine is employed. Various descriptors capture text, shape and
color features to capture the index. Under 64 basic computers, 3 descriptors with 130 million of images create the
0.5 billion of signatures.
URL:http://www.kalisteo.org/demo/piria/

Example: In this, an image of a monument was used as a query image, the structure retrieved the 15 images and
out of which only 5 were relevant images. Hence precision of the system is,

Pr ecision 

5
15

(5)

Figure 5. Search engine of PIRIA

6.1.5 RETRIEVR:Retriever is an investigational service. By drawing a rough sketch, it allows you to search and
explore in a choice of flicker images. Retriever is a new implementation in Python. It does not do face or text or
object recognition of any kind and it supports to consider it as equivalent to the most pronounced shapes and slabs
of colors.
URL:http://labs.systemone.at/retrievr/
Example: we uploaded an image of a chair, the system retrieved 20 images. But out of those 20 images not a
single image was relevant. Hence system precision is

Pr ecision 

0
20

(6)

Figure 6. Search engine of RETRIEVER

7. Discussion and Conclusion
This paper offers a summary of the latest literature on CBIR in all domains. The main issue is to establish and
recover visual data realized as images and video. The reason for this issue is a stimulating and difficult problem,
the ability to recover visual data about human aid is a rich, and handling visual data needs perceptual capabilities
not yet known to exist in computational form. A significant part of the data retrieval landscape is termed as CBIR.
There are numerous parts not presentedfor future investigation.It would be nice indeed to have a fully automated
CBIR therefore thoughtful designs for interactive systems should be explored. In this so far we have studied the
CBIR, its technique and its early trends and new methodologies. The comparison of various available CBIR

systems is done and out of this available system, Google Image Search is the so far best implemented system. The
precision of Google Image Search is also maximum. The rest of the system is retrieving some of the irrelevant
images also. From this survey, it can be seen that there is still a lot of work to be done in the field of CBIR systems.
In the future, CBIR covers discovering innovation, good image descriptors, and approaches to merge these
suitably. In object finding and recognition, the accomplishmentswill surely discover their manner into the CBIR
area. In addition, a shift in the direction of approaches that automatically learn about the semantics of images is
imaginable.
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Abstract
Traffic congestion is one of the major problems in most of the cities across the globe and it leads to several other problems like
pollution, time wastage, long traffic queues on roads and may cause accidents. Improvement of Road infrastructure is not always
the feasible solution to resolve the problem. In real life scenario shorter distance route towards the destination attracts majority of
people and at times it may aggravate traffic jam conditions. Therefore, a real time traffic information for intelligent decision
making to decide the route preference is required. Moreover, a system which considers the factor of distance towards the
destination along with real time traffic situation on that route will add to the solution to the congestion problem. certain
parameters such as distance, weather condition, road location, day of week and time are considered to formulate the problem and
to find solutions to these problems This paper outlines a combination of logistic regression with fuzzy logic such that a smart
decision to preferred path can be taken. It is used to compute the probability of each possible path by considering the real time
traffic information, distance and road condition and later is used to take decisions in an uncertain scenario. Proposed Method
considers the number of parameters like distance, weather condition, road location, day of week and time.
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1. Introduction
Enormous increase of population, along with economic development and equated monthly installment (EMI)
provided by the banks plays a major role in purchasing vehicles by and individual. . Moreover, for traversing even
shorter distance people use individual vehicles [8,9] which is adding to the increased number of vehicles on road this
increase in number of vehicle leads to a major problem viz. traffic congestion. Several other factors which are
responsible for traffic congestion are inadequate road space, poor infrastructure and maintenance of roads that has
not been enhanced with time. Traffic Congestion leads to fuel wastage, more time consumption and disappointment
of driver and passengers [10,11].
To overcome these problems, an intelligent transportation system is required which may include factors like
adaptive traffic light system that regulate the duration of signal as per the traffic present at intersections, adaptive
route guidance system, and correct traffic prediction system. Various soft computing methods, machine learning
based algorithm, fuzzy logic has been used to model the traffic [4]. The objective of this paper is to provide a
framework for an intelligent transportation system which will be able regulate the traffic in an efficient way by
considering different factors such as distance between source and destination, local weather conditions, week day
and the time at which a person is travelling. Including the number of parameters will help the system to take the
Smart decision. This will be achieved by combining logistic regression and fuzzy logic which will make a better
adaptive traffic management system.
2. Literature Survey
Due to the problems discussed in section 1, several researches are being carried out for intelligent transportation
system. This includes very vast variety of research areas such as Traffic management with automation of traffic
signal [12,13]; selection of best route using the methods of Fuzzy logic [1,2], swarm based intelligence [2], genetic
algorithm [6] and multi agent based systems [1].
Taha and Ibrahim [3] developed the graphical user interface (GUI) to simulate and evaluate the performance of
fuzzy based algorithm for intersection road traffic network in term of various parameters like average waiting time,
queue length of traffic on roads. The authors designed road intersection network, and GUI to implement the
connectivity with fuzzy logic in which user can define various fuzzy logic parameters like input variable, fuzzy
rules, fuzzy inference engine, membership functions, output variable. One of the disadvantage of this paper was that
authors did not give any specific algorithm to manage the traffic, traffic prediction mechanism as well as route
guidance system for driver.
Kanan [4] presented the intelligent traffic control mechanism using fuzzy logic. the input was number of cars,
average speed of vehicles defining the three membership function small, medium, large. author designed various
fuzzy rules to help to get the values of output variable, waiting time and duration of green light.
Sharma et al. [5] presented a traffic prediction model for a particular day and time. the input used for modeling
was day and time at which traffic is considered. Several fuzzy sets had been defined to predict the accurate traffic.
Authors have also used the triangular membership function for input and output variable.
Collotta et al. [6] combined wireless sensor network to monitor real time traffic with fuzzy logic to dynamically
manage the traffic at intersection by computing the duration of green light. To compute the duration of green light
calculation of the length of queue or traffic count at section of road in each direction during the red light is
considered. , Based on the length of the queue it will compute the priority of each phase of traffic light cycle on each
direction and then will compute the green light duration. The limitation of this model is that it does not provide the
real time information to user regarding path. it has ambiguity about that whether the driver should follow the same
route or the alternate route.
The neural network and fuzzy logic has been combined to predict short term traffic by Deshpande and Bajaj [7].
they presented 5 layer neuro fuzzy model. The first layer was input that passes the crisp value to second layer and
the input is fuzzfied by computing the value of membership function. Third layer contained fuzzy rules where
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neurons will be trained. Output membership function was on fourth layer and finally output was produced on the
layer five after defuzzification. Proposed model combined the advantage of both training of neurons to produce the
output and uncertainty handled by fuzzy logic.
Deshpande and bajaj [15] apply the machine learning technique support vector machine (SVM) for accurate
traffic flow prediction [17] as well as measure the performance in term of mean square error, root mean square error,
normalized mean square error.
Cong et al. [16] presented the Traffic flow forecasting model using Least square support vector machine [18]
with fruit fly optimization algorithm to reach more optimum solution along with that compare the algorithm
performance with existing algorithm.
3. Proposed Method
In this paper machine learning based Logistic Regression with fuzzy logic to take smart decisions about the
preferred path is discussed. since there can be number of paths to reach the destination therefore first a system will
fetch the traffic information from google map and length of route for each possible path., in this model user is
supposed to put the familiarity about the road condition manually. Based on these parameters probability will be
computed for each path by using logistic regression method. , Fuzzy logic will be then applied by considering the
various parameters like distance, weather condition and location of location. The framework for the proposed traffic
management system is given in figure1.
Section 3.1 describes the Logistic Regression method and 3.2 include fuzzy logic implementation in various
parameters.
Select the best route

Real Time Traffic
Information of Route
Distance of route to
reach destination

Logistic
Regression

Fuzzy Logic

Road Condition
Fig. 1.Proposed Framework

A representative Traffic information from google map is shown in figure 2
3.1. Logistic Regression
This section now describes the Logistic Regression method and will be followed by the fuzzy logic
implementation of various parameters in section 3.2
To compute the probability of each path to reach destination linear regression with sigmoid function has been
used. The description of method is given below where:
HT(X) Represents Predicted value of output variable;
Ti (fori∈ (0, 1, 2, 3ሻare Coefficients, T0 called bias and Ti (where i>0) indicate weight assigned to input variables;
Xj (for j ∈ (1, 2, ͵ሻTraffic Information, Distance, Road condition;
g(HT(X)) Represent Sigmoid function over HT(X);
p is the Probability associate with path;
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a.

Compute HT(X) = T0 + T1X1+ T2X2-T3X3 where X1 is normalized distance of each path to arrive at
destination, X2 is Normalized traffic speed that is fetched from Google map as shown in figure 2 and
X3 is road condition

Fig. 2.Traffic Information from google map [14]

b.

above equation has been rewritten in vector form as below:
HT(X) =

HT(X) =

*

(1)

*

(2)

(3)
HT(X) = T’X, where T’ is transpose of T.
c. Compute probability using sigmoid function as follows:
p=g(Z)= 1/(1+e-Z), where Z= HT(X). (4)
As per the nature of sigmoid function to get the probability greater than 0.5 the value of z must be positive, but if
value is less than zero then probability is less than 0.5. User will select the route only if probability is greater than
0.5. Hence the route with probability more than 0.5 will be only selected.
3.2. Fuzzy Logic
Road traffic is unpredictable and uncertain in nature Therefore the concept of fuzzy logic is incorporated to take
the decision about the preferred path. After computing the probability using Logistic Regression more factors like
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weather condition, probability, road location, day and time of week are fed to select the best path as shown in figure
3. Fuzzy sets will be used for the parameters and these fuzzy sets are mention below in table 1-5 will vary from 0 to
1.
Weather
Condition

Day of
week

Time

Road
Location

Probability

Select the best Path

Fuzzy Controller

Fig. 3.Proposed Fuzzy Controller
Table1. Fuzzy Sets of computed Probability
Fuzzy Set 1

Fuzzy Set 2

Fuzzy Set 3

Probability is very low (less than 0.5)

Probability is
average low
(between 0.5 and
0.8)

Probability is high
(greater than 0.8)

Table 1 categories the computed probability using logistic regression into three fuzzy sets that will help to decide
the preferred path.
Table 2. Weather Fuzzy set

Fuzzy Set 1

Fuzzy Set 2

Fuzzy Set 3

Fuzzy Set 4

Rainy

Partially Rainy

Pleasant

Sunny Day

While taking decision to prefer the path user look into Weather Conditions that includes four fuzzy sets that are
shown in above table 2.Weathercan be rainy, partially rainy, pleasant, sunny day so if weather is convenient to user
then it will prefer the path in most cases
Table 3. Road Location Fuzzy set

Fuzzy Set 1

Fuzzy Set 2

Fuzzy Set 3

More work places

Less work places

Very less work place
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Road Location includes the four fuzzy sets as shown in table 3, that are more, less, very less work places (wp)
around by road location that definitely impact traffic on road
Table 4. Fuzzy set of Day

Fuzzy Set 1

Fuzzy Set 2

Normal Working Day

Week End

Day is categorized into two fuzzy sets as shown in table 4, either working day or week end, so during weekend
more traffic is towards tourist places while on working day more traffic occurs on the road surrounded by more
work places.
Traffic condition on roads changes with respect to time, i.e. same road is having different traffic conditions on
same day at different times. Time is categorized into eight different fuzzy set that are shown in table 5.
Table 5. Fuzzy set of Time

Fuzzy Set
1

Fuzzy Set 2

Fuzzy Set 3

Fuzzy Set 4

Fuzzy Set
5

Fuzzy Set 6

Fuzzy Set 7

Mid

Early

morning1(8.01

morning2(10.01 am to

afnoon(

evening(4.01

night(8.01 to

(12.01 to

morning(4:0

to 10am)

11.59am)

12

to 8pm)

12pm)

4am)

1 to 8am)

to

4pm)

4. Result and Discussion

The results obtained after implementation of algorithm and fuzzy rules are discussed herewith. Real time Traffic
information and distance of the path were taken from the google map and road condition was taken manually as user
input. Google map provide the real time traffic information about fast, average and worst traffic speed on path.
Figure 4 represent the fuzzy logic framework used for implementation in MATLAB.

Fig. 4. Input and output variable of Fuzzy Logic
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Fig. 6. (b) Membership function plot of Time

Working day is considered from Monday to Friday while Saturday and Sunday are considered as weekend. This
has been implemented in fuzzy tool box using membership function as shown in fig 6(a) and 6(b). Triangular
membership function is used to implement the time fuzzy set.

Fig. 7. (a) Membership function plot of probability

Fig. 7. (b) Fuzzy Rules
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Triangular Membership function is used to fuzzified the probability fuzzy set and further fuzzy rules are
constructed to process fuzzy output.

Fig.8. output variable preferred path

Preferred path decision is taken after processing of fuzzy rules and same has been implemented using triangular
membership function.
5. Conclusion and Future Work
Genereally, a user follows the shortest distance path but sometimes it becomes worst traffic path. this paper
therefore, proposed a method that not only considers the length of path to reach destination but also the current
traffic information which in turn will help to take the smart decisions. Shorter distance path may have traffic jam
conditions while alterative path based on traffic information at more distance may have very low traffic. Therefore,
traffic information becomes an important factor while selecting the path. this paper, presented a guide to the user to
take the intellegent decision by selecting appropriate path which will be governed by real time traffic information,
length of each path and other factors like weather condition and road location. It includes the logistic regression to
compute the probability of each possible path and further applying the fuzzy logic to select the best possible path
that results in reducing the congestion, delay, pollution and energy consumption. The proposed method can be
extended by providing, a mobile route guidance system or application in which google map will be integrated with
an application to automatically collect the information and further implement fuzzy logic to take the best decision to
select the path to reach destination comfortably and efficiently. In the future more machine learning algorithm like
support vector machine along with optimization algorithm can be apply that result in more improvement in term of
congestion and delay.
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