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Abstract
Traditionally, the sampling process is done manually by verifying a handful of objects from a batch of several objects being
produced. Based on the quality of the handful of objects verified, the whole batch may be accepted or rejected. Mistakes
during manual sampling process may cause a number of defected objects to be accepted and a number of fine objects to
be rejected which in turn may increase risk both at the manufacturer’s and the consumer’s end. Therefore, there is a need
to transform manual sampling process into automatic. The purpose of this research work is to use Industry 4.0 concept and
develop an image recognition-based system (IRBS) for identifying a defected workpiece to increase the accuracy of the
quality inspection process. Based on recently published journals and patents, manual sampling process, Industry 4.0 concept,
and Image Processing Technique are reviewed. Then, IRBS for identifying a defected workpiece is designed and developed.
Next, trial is taken on developed IRBS model to investigate its performance. It is found that the use of IRBS model reduces
manufacturer’s risk. After implementation of the IRBS model the process accuracy is increased from 90.67 to 100%, labour
productivity is increased from 5.69 to 18.4 units/min and the average time required for inspection of 05 samples is reduced
from 53 to 16 s. IRBS makes sampling process automatic which results in increase in the accuracy of the quality inspection
process, reduction in time required for inspection process and increase in the labor productivity.
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1 Introduction

For many years, people perform the work of inspection
manually in quality control department of manufacturing
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industries [1–3]. Although workers do this work well and
may be performing better than machines but their working
speed is less [1, 4, 5]. Also, by doing repetitive work, they
start getting tired. The manual inspection process does not
provide real-time inspection facility during manufacturing.
Hence, this leads to increase in object rework cost and time,
decrease in operation productivity, etc. [4, 6, 7]. Sometimes,
the manual inspection process is dangerous and difficult in
certain environment. The accuracy of the manual inspection
process depends upon the skill of workers [2, 7]. To carry out
the manual inspection process without an error highly skilled
and experienced workers are required. Wages paid to these
workers are high which lead to increase in production cost
[6, 8, 9]. Therefore, many medium and large-scale manufac-
turing industries have adopted the automatic quality control
system approach. But small-scale manufacturing industries
are still not able to convert their traditional quality control
system into an automated quality control system due to the
various reasons such as higher cost of automatic system,
requirement of skilled workforce to operate the automatic
system, etc. [1, 4, 10–12]. Advances in Industry 4.0 concept
and its enabling technologies can help small-scale manu-
facturing industries to implement automatic quality control
system in their operations [13, 14]. It is found that the Indus-
try 4.0 enabling technologies can enhance the productivity,
efficiency and quality of operations of manufacturing indus-
tries [15–19]. Therefore, it is advisable to develop automatic
inspection system for quality control department of small-
scalemanufacturing industries byusing Industry 4.0 enabling
technologies [4, 20, 21]. Use of Industry 4.0 enabling tech-
nologies in object inspection process will allow real-time
inspection during manufacturing process that will lead to
reduction in product rejection, scrap generation, product
rework cost and time, etc. [2, 10, 22, 23]. Therefore, the aim
of this research article is to develop cost efficient automatic
inspection system for small-scale manufacturing industries
by using Industry 4.0 enabling technology.

The remainder of the article is organized as follows: Sect. 2
is devoted to the materials and methods. Section 3 is dedi-
cated to research objectives. Section 4 illustrates the IRBS
model development. Section 5 is dedicated to the results and
discussions. Section 6 shows conclusions. Section 7 dictates
current and future developments.

2 Materials andmethods

In this research article, various keywords along with their
combinations (i.e. Industry 4.0; Image Processing Tech-
nique; Samplingmethod; Samplingmethod andAdvantages;
Samplingmethod andDisadvantages; Industry 4.0 andQual-
ity inspection; Image Processing Technique and Quality
inspection) are used to search the research articles and patents

to carry out the detailed literature review. An electronic
database such as SCOPUS, Google Scholar and Google
Patents are explored for searching these keywords. Then,
collected research articles and patents are evaluated based
on certain criteria such as—(1) the articles and patents writ-
ten only in English are considered; (2) the articles published
in between January 2013 and May 2021 are considered; (3)
the patents granted in last 20 years are only considered; (4)
the articles and patents in which Industry 4.0 and Image Pro-
cessing Technique are only mentioned as an example are
excluded; (5) the articles and patents in which Industry 4.0
and Image Processing Technique are only mentioned in key-
words are excluded; (6) the articles and patents in which
Industry 4.0 and Image Processing Technique are only used
as a tool for future scope without giving strong evidence are
excluded. Figure 1 shows a research methodology flowchart.
Literature review is conducted for the three different areas
such as sampling process, Industry 4.0 and image processing
system. Research objectives are identified after the detailed
literature review. The IRBS model is designed and devel-
oped to overcome the problems associated with the manual
sampling process. Performance analysis is done to check the
validity of the IRBS model. Then, the IRBS model is used to
solve business problem.

2.1 Overview of sampling process

In industries, when the manufactured component or product
population size is exceptionally large then it is not possible to
check or inspect all components of the population [6, 7, 24].
In such a scenario, a sampling inspection process is adopted
[1, 6, 7, 25]. The sampling inspection process (also known as
the partial enumeration inspection process) is defined as the
process in which a fraction of the population is selected to
represent the characteristics of the entire components being
manufactured [1, 2, 26]. The sampling process has the fol-
lowing advantages: (a) It gives results quickly, (b) It requires
low capital investment [4, 6, 27]. It is found that the sampling
process is carried out manually and requires highly skilled
human inspectors. As it is known that in the manual sam-
pling process only a handful of items is selected from the
population for inspection, therefore, any mistake (i.e. incor-
rect usage of instrument, observational error, etc.) done by
the operator during the manual sampling process may lead
to less reliable and accurate results [2, 4, 7, 28].

To increase the reliability and accuracy of the sampling
process it is required to convert the manual sampling process
into an automatic sampling process. This automatic sam-
pling process will allow inspection of all the parameters of an
object without human intervention which will help to mini-
mize the errors introduced during the inspection process [1,
6, 7, 29]. The overall cost and time associated with the auto-
matic sampling process are less than the manual sampling
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Fig. 1 Research methodology flowchart. Source: Author’s own research

process [1, 4, 30]. It has been found that the use of Industry
4.0 concept and its enabling technologies can produce a fully
automatic real-time sampling process with higher reliability
and accuracy [31–33].

2.2 Industry 4.0

Few years ago, in order to integrate and extend the activi-
ties associatedwith themanufacturing industries, technology
framework was proposed which is also called as Indus-
try 4.0 [32, 34–36]. It includes various technologies such
as Internet of Things (IoT), additive manufacturing, cloud
computing, big data analytics, image processing, automated
guided vehicles (AGV), artificial intelligence (AI), etc. [14,
37, 38]. Industry 4.0 concept integrates the technologiesmen-
tioned earlier and allows industrialists to develop production
plant with higher efficiency [13, 39, 40]. In recent few years,
industrial systems are improved due to the use of cyber phys-
ical systems and IoT [41–43]. In order to understand “4th
industrial revolution” in detail, it is important to know the
previous three industrial revolutions. The 1st industrial revo-
lution dealswith industrialization [19, 44]. The 2nd industrial
revolution deals with mass production by using electricity

which is also called as hard automation [15, 45, 46]. The
3rd industrial revolution deals with the development of flex-
ible automation systems by using computers [47, 48]. At
last, the 4th industrial revolution deals with the application
of modern information and communication technology and
development of integrated systems connectedwith each other
[49, 50]. Industry 4.0 concept helps to develop smart factory
by developing flexible and smarter cyber physical network
[18, 21, 51]. Benefits of Industry 4.0 concept are as follows:
(a) total performance improvement of the entire business [52,
53], (b) development of effective and efficient real-time pro-
duction systems [54–56], (c) minimum human interventions
during production activity [51, 57]. Due to various advan-
tages of Industry 4.0 concept, in this research article, Industry
4.0 concept and its enabling technology i.e. image processing
technique are used to develop automatic sampling process.
Table 1 shows Industry 4.0 enabling technologies and their
features.

2.3 Image processing system

Image processing system helps to increase the efficiency,
quality and productivity of manufacturing systems [8, 75]. It
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Table 1 Industry 4.0 enabling technologies and their features

S.No. Technologies Features References

1 Autonomous robots It is a robot that executes different activities with high degree of
autonomy

[16, 32, 58]

2 Internet of Things (IoT) It deals with connecting any device with internet. It allows
communication between things to things, person to person, and
person to things

[14, 38, 59]

3 Simulation It allows imitation of real-world activities over time. It is used in
testing, safety engineering, training, operating optimization, etc

[41, 45, 47, 60]

4 Cloud computing It deals with computing services such as data storage, servers,
software, networks, intelligence, and analytics. It allows
effective utilization of resources, innovation at faster rate, etc

[16, 21, 22, 61]

5 Additive manufacturing It allows layer by layer creation of 3D object in the shortest
possible time

[18, 22, 41, 62]

6 Big data analytics It deals with the use of advanced analytic techniques to analyze
the large data sets

[16, 63, 64]

7 Augmented reality It allows people to superimpose digital content over a real-world
environment

[19, 41, 65]

8 Smart sensors It deals with the execution of predefined action after sensing the
input such as light, sound, heat, motion, etc

[16, 66–68]

9 Automated guided vehicles (AGV) It allows automatic transportation of materials on the shop floor
by following wires on floor. It uses vision camera

[57, 64, 69]

10 Image processing system It deals with the extraction of useful information by analyzing
images

[70–72]

11 Artificial intelligence (AI) It deals with the development of computer or robot systems by
integrating human intelligence into it to perform activities that
usually done by humans

[16, 73, 74]

is an essential element of advanced manufacturing systems
because it provides provision of quality control during man-
ufacturing of objects and necessary information to robotic
systems to assemble difficult products from a set of basic ele-
ments [11, 76]. Inspection by using image processing system
eliminates human intervention and makes inspection process
completely automatic [10, 11]. In an image processing sys-
tem, one or more cameras are positioned in the vicinity of the
object to be inspected. These cameras are used to capture the
images of the object [8, 11, 76]. Then, features of captured
images are extracted, processed and classified with the help
of a central processing unit [75, 76]. In general, an image
processing system consists of the following steps: (a) image
acquisition, (b) image processing, (c) segmentation, (d) fea-
ture extraction, and (e) decision-making. Table 2 shows a set
of operations performed in image processing technique.

Image processing system is highly recommended for
visual inspection to verify the quality of products and elim-
inate the defective parts from the production line [10, 76].
This can be seen in a mass production system such as man-
ufacturing lines of biscuits, beer bottles, etc. Also, image
processing system is used formeasurement of specificparam-
eter of an object and use this recorded value to correct the
faulty behavior of manufacturing process [8, 11, 75]. Image

Table 2 Operations performed in image processing technique

S.No. Operations Explanation References

1 Point operation This operation deals
with enhancement
of contrast,
modification of
brightness and
thresholding

[10, 75]

2 Global
operation

This operation deals
with equalization
of histogram

[8, 11]

3 Neighborhood
operation

This operation
deals with the
smoothing of
image and image
sharpening

[8, 76]

4 Geometric
operation

This operation
deals with the
adjustment of
display, wrapping
of image,
magnification and
rotation of image

[10, 11, 75]
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processing system allows statistical analysis of efficiency of
the production process which helps industrialists to do busi-
ness planning in advance [10, 76]. Imageprocessing system is
used for various industrial applications such as food industry,
automotive industry, pharmaceutical industry, steel industry,
wood industry, printed circuit board manufacturing industry,
etc. [10, 11, 75]. Image processing technique is used to—(a)
identify the small surface defects on machined surfaces, tile
surfaces and textile fabrics, (b) detect defective packaging of
tins of cigarettes, and (c) carry out automatic inspection of
biscuit bake color, wood, potato chips color, food products,
textile fabrics, etc. [8, 10, 76].

2.3.1 Patents on image processing system used
for inspection process

The cited reference [77] shows a high-resolution object
inspection system consisting of three stations i.e. first station,
second station and third station. The first station captures first
image of an object. The first image determines the presence
or absence of at least one defect on the object. If a defect is
not present on the object, then object is directly transferred
to third station. Otherwise, the object is transferred to the
second station. The second station captures second image
of an object. The second image determines the quality of
defect identified in first image and decision is made whether
to accept or reject the object. If quality of defect on object is
accepted in second station, then object is transferred to third
station. Otherwise, object is transferred to rejected bin. Third
station makes a decision based on an optical property such as
the object power and thickness. If optical property of object
is within range, then object is sent to dispatch center. Other-
wise, object is sent to rejected bin. The cited reference [78]
discloses the inspection system consisting of an illuminating
device. This system aims at inspection of cylindrical object.
This illuminating device contains a cylindrical lighting ele-
ment with a slit diaphragm placed in its core. The lighting
element contains a cylindrical light source with a cylindrical
diffusor arranged therein, and the slit diaphragm comprises a
cylinder with axially extending slits. The slits are positioned
in the cylinder in such a way that lines extending perpen-
dicular to the axis of the cylinder converge in a point that
is spaced apart from the cylinder axis in the core of the slit
diaphragm through the slits. However, the cited references
Vertoprakhov [77] and Yannick et al. [78] does not disclose
the types of defects detected, transfer mechanism, sensors
and feedback path.

3 Research objectives

Mechanical components such as gear, nut, bolt, shaft, etc.
have a wide variety of use in industries. These components

need to bemanufactured with the accurate and required num-
ber of teeth, diameter, and so on. Also, quality assurance or
inspection of different parameters of these components are
to be carried out accurately and quickly. During an industrial
visit it has been observed that inspection of gear, bolt, shaft,
etc. is performed manually by a manufacturer by verifying a
handful of objects from a batch of several objects being pro-
duced. Based on the quality of the handful of objects verified,
the whole batch may be accepted or rejected. Error made by
inspector during sampling process may cause a number of
defected objects to be accepted and a number of fine objects
to be rejected which in turn may increase risk both at the
manufacturer’s and the consumer’s end along with decreas-
ing the accuracy of the inspection of the objects. Therefore, it
is required to develop automatic sampling processes which
does not have human intervention. It has been found that
these problems can be overcome by the use of Industry 4.0
enabling technology i.e. image processing technology and
computers aided by somemechanical devices. Therefore, the
objective of this research work is to develop image-based
automatic sampling process with higher efficiency and accu-
racy.

4 IRBSmodel development

This section consists of the environment for identifying a
defected workpiece, schematic block diagram, operational
flow diagram and IRBS model.

4.1 Environment for identifying a defected
workpiece

Figure 2 illustrates an environment 100 implementing
an image recognition-based system 102 for identifying a
defected workpiece 104 amongst a number of workpieces.
Examples of the workpiece 104 may include, but are not
limited to, a gear, a nut, a bolt, a shaft, any mechanical tool
or the like. Examples of a defect may include, but are not
limited to, irregularities in shape, and size, destroyed edges
or the like. The image recognition-based system 102 is con-
figured to identify one or more defects on the workpiece
104 based on a number of parameters corresponding to the
workpiece 104 extracted from an image of the workpiece
104.

The image recognition-based system 102 is configured to
sense presence of theworkpiece 104 under conveyance, upon
the workpiece entering an area within a pre-determined dis-
tance from the image-based system 102. Upon sensing the
presence of the workpiece 104 within the pre-determined
distance, the image recognition-based system 102 is con-
figured to stop the workpiece 104 under conveyance and
capture an image of the workpiece 104. Further, the image
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Fig. 2 Environment for identifying a defected workpiece

recognition-based system 102 is configured to extract the
number of parameters corresponding to the workpiece 104
from the image of the workpiece 104. Examples of the num-
ber of parametersmay include, but are not limited to, an inner
diameter, an outer diameter, a pitch circle diameter, amodule,
a number of teeth, and height of each of the number of teeth
in theworkpiece 104. Subsequent to extracting the number of
parameters from the image, the image recognition-based sys-
tem 102 is configured to transmit the number of parameters
to a server.

The server stores a number of predetermined parameters
corresponding to theworkpiece 104. The server is configured
to run a comparing program between the number of prede-
termined parameters and the number of parameters received
from the image recognition-based system 102. Further, the
server generates and transmit a message indicating whether
the number of parameters match with the number of prede-
termined parameters. Furthermore, the number of parameters
not matching with the number of pre-determined parameters
correspond to the workpiece 104 being defected. Subse-
quently, the image recognition-based system 102 receive the
message from the server and move the workpiece 104 to
any of the defected work-piece container 106 and the accu-
rate work-piece container 108 based on the message. The
image recognition-based system 102 is configured to move
the workpiece 104 to the defected work-piece container 106
based on the message indicating the number of parame-
ters not matching the number of pre-determined parameters.
Also, the image recognition-based system 102 is configured
to move the workpiece 104 to the accurate work-piece con-
tainer 108 based on the message indicating the number of
parameters match with the number of pre-determined param-
eters.

4.2 Schematic block diagram of IRBS

Figure 3 illustrates a schematic block diagram of the image
recognition-based system 102 for identifying the defected
workpiece 104 amongst a number of workpieces. The image
recognition-based system 102 include a processor 202, a
memory 204, data 206, module (s) 208, resource (s) 210,
a conveyor belt 212, a motor 214, a controller 216, a sensor
218, an imaging device 220, and a mover 224.

The system 102 is a configurable hardware. Processor
202 is a single processing unit or a number of units, all
of which could include multiple computing units. The pro-
cessor 202 is implemented as one or more microprocessors,
microcomputers, microcontrollers, digital signal processors,
central processing units, processor cores, multi-core pro-
cessors, multiprocessors, state machines, logic circuitries,
application-specific integrated circuits, field-programmable
gate arrays and/or any devices that manipulate signals based
on operational instructions. Among other capabilities, the
processor 102 is configured to fetch and/or execute computer-
readable instructions and/or data stored in the memory 204.

The memory 204 include any non-transitory computer-
readable medium known in the art including, for example,
volatile memory, such as static random-access memory
(SRAM) and/or dynamic random-access memory (DRAM),
and/or non-volatile memory, such as read-only memory
(ROM), erasable programmableROM(EPROM),flashmem-
ory, hard disks, optical disks, and/ormagnetic tapes.Memory
204 include the data 206. The data 208 serves, amongst other
things, as a repository for storing data processed, received,
and generated by one or more of the processor 202, the con-
veyor belt 212, the motor 214, the controller 216, the sensor
218, the imaging device 220, and the mover 224. The data
208 further include a number of parameters related to the
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Fig. 3 Schematic block diagram of IRBS

workpiece 104. For instance, the number of parameters may
include an inner diameter, an outer diameter, a pitch circle
diameter, a module, a number of teeth, and height of each of
the number of teeth in theworkpiece 104.The resource(s) 210
is physical and/or virtual components of the system 102 that
provide inherent capabilities and/or contribute towards the
performance of the system 102. Examples of the resource(s)
210 may include, but are not limited to, a memory (e.g., the
memory 204), a power unit (e.g. a battery), a display unit,
etc. The resource(s) 210 may include a power unit/battery
unit, a network unit, etc., in addition to the processor 202,
and the memory 204.

The system 102 is configured to identify the defected
workpiece 104 based on the number of parameters related
to the workpiece 104. The number of parameters is extracted
from an image of the workpiece 104 under conveyance by
the image recognition-based system 104. Prior to capturing
the image of the workpiece 104 under conveyance, the image
recognition-based system102 is configured to sense presence
of the workpiece 104 within a pre-determined distance from
the image recognition-based system 102 and stop movement
of the workpiece 104 for capturing the image. For stopping
the movement of the workpiece 104 under conveyance, the
conveyor belt 212 may be stopped. The conveyor belt 212
is configured to transport the workpiece 104 to any of the
defected work-piece container 106 and the accurate work-
piece container 108. The conveyor belt 212 is permanently

attached to the defected work-piece container 106 and the
accurate work-piece container 108 for transporting the work-
piece 104. The defected work-piece container 106 and the
accurate work-piece container 108 are present in a vicinity
of the conveyor belt 212 for receiving the workpiece 104.

The motor 214 is configured to power the conveyor belt
212 for moving and transporting the workpiece 104. The
motor 214 is a 1000RPM12vdcmotor.Working of themotor
214 is controlled by the controller 216 for initiating and stop-
ping of the conveyor belt 212 transporting theworkpiece 104.
The controller 216 is configured to activate and de-activate
the conveyor belt 212 and the mover 224 for transporting
the workpiece under conveyance to any of the the defected
work-piece container 106 and the accurate work-piece con-
tainer 108. The controller 216 is configured to control the
motor 214 connected to the conveyor belt 212 for activat-
ing and de-activating the conveyor belt 212 transporting the
workpiece 104. The controller 216 is configured to communi-
cate with the sensor 218 and receive a signal from the sensor
218 for de-activating the conveyor belt 212. The controller
216 may be an Arduino controller.

The sensor 218 is configured to sense the presence of the
workpiece 104 under conveyance by the conveyor belt 212
within a pre-determined distance from the sensor 218. Exam-
ples of the sensor 218 may include, but are not limited to, a
proximity sensor, an ultra-sonic sensor, a capacitive sensor,
a photo-electric sensor, and an inductive sensor. The sensor
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218 is present in vicinity of conveyor belt 212 for sensing
presence of the workpiece 104 on the conveyor belt 212
being transported. Upon sensing the presence of the work-
piece 104 within the pre-determined distance, the sensor 218
generate and transmit the signal to the controller 216. The
signal is indicative of de-activating the conveyor belt 212
by controlling the working of the motor 214. Subsequent to
de-activation of the conveyor belt 212 by the motor 214, in
extension, by the controller 216, the imaging device 220 is
configured to capture the image of the workpiece 104 and
extract the number of parameters related to the workpiece
104 from the image. Examples of the imaging device 220
may include, but not limited to, a camera, a video recorder,
and a closed-circuit television (CCTV). Upon extracting the
number of parameters from the image, the imaging device
220 is configured to transmit the number of parameters to a
server 222. The imaging device 220 is in a two-way com-
munication with the server 222. The imaging device 222
communicate with the server 222 through any of wired and
wireless standards such as Bluetooth, Wi-Fi, local area net-
work (LAN), metropolitan area network (MAN), wide area
network (WAN), Infrared, or the like.

The server 222 is configured to determine whether the
workpiece 104 is defected or not. The determination is based
on a comparison of the number of parameters received from
the imaging device 220 with a number of pre-determined
parameters. The server 222 is configured to run a compar-
ison program for comparing the number of parameters and
the number of pre-determined parameters. The number of
pre-determined parameters are stored at the server 222 by
a user, or an administrator of the image recognition-based
system 102. The number of pre-determined parameters is
derived from any state-of-the-art technology platform prior
to storing at the server 222. In this research work, the
computer program is MATLAB. Upon comparing the num-
ber of parameters with the pre-determined parameters, the
server 222 is configured to generate a message indicating
whether the workpiece 104 is defected or not. The number of
parameters not matching with the number of pre-determined
parameters correspond to the workpiece 104 being defected
and the number of parameters matching with the number of
pre-determined parameters may correspond to the workpiece
104 being not defected. Furthermore, the server 222 is con-
figured to transmit the message to the controller 216. Upon
receiving the message from the server 222, the controller 216
is configured to activate one of the conveyor belt 212 and the
mover 224. The activating of one of the conveyor belt 212
and themover 224 are based onwhether the workpiece 104 is
defected or not. Themover 224 is activated based on themes-
sage indicative of the workpiece 104 being defected. Upon
activation, themover 224 is configured to push theworkpiece
104 into the defected work-piece container 106. The mover
224 is a pair of rack and pinion coupled to one another.

4.3 Operational flow diagram of IRBS

Figure 4 illustrates an operational flow diagram 300 for iden-
tifying the defected workpiece 104 amongst a number of
workpieces. At step 302, the operational flow diagram 300
includes sensing presence of the workpiece 104 under con-
veyance on the conveyor belt 212 by the sensor 218 within a
pre-determined distance from the sensor 218. Further, based
on sensing the presence of the workpiece 104, the sensor 218
may transmit a signal to the controller 216 for de-activating
the conveyor belt 212. The conveyor belt 212 is de-activated
by stopping the working of the motor 214 connected to the
conveyor belt 212 by the controller 216 based on receiving
the signal from the sensor 218.

At step 304, the operational flow diagram 300 includes,
capturing the image of the workpiece 104 under conveyance
on the conveyor belt 212 within the pre-determined distance
of the sensor 218. The image is captured by the imaging
device 220. Upon capturing the image, the number of param-
eters is extracted from the image of the workpiece 104 by the
imaging device 220. At step 306, the operational flow dia-
gram 300 includes, transmitting the number of parameters
extracted from the image of the workpiece 104 captured by
the imaging device 220 to the server 222. The communication
between the imaging device 220 and the server 222 is based
on one of a wired communication standard, and wireless
communication standard. Examples of the wired commu-
nication standard and the wireless communication standard
may include, but are not limited to, LAN, MAN, WAN, 3G,
4G, 5G, Wi-Fi, Bluetooth, Infrared or the like.

At step 308, the operational flow diagram 300 includes,
comparing the number of parameters related to theworkpiece
104 received from the imaging device 220 to the number of
pre-determined parameters at the server 222. The number
of pre-determined parameters is derived from the state-of-
the-art technology such as MATLAB prior to storing at the
server 222 for comparing with the number of parameters.
Furthermore, the server 222 generate a message based on the
comparison between the number of parameters and the num-
ber of pre-determinedparameters such that themessagebeing
indicative of whether the workpiece 104 is defected or not.
The workpiece is defected when the number of parameters
is not the same as the number of pre-determined parame-
ters. When the number of parameters match with the number
of pre-determined parameters, the workpiece 104 may not
be defected. Upon generating the message, the server 222
communicate the message to the controller 216 of the image
recognition-based system 102.

At step 310, the operational flow diagram 300 includes,
determining by the controller 216whether theworkpiece 104
is defected or not. Upon determining that the workpiece 104
is not defected based on themessage received from the server
222, the controller 216 at step 312, activate the conveyor
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Fig. 4 Operational flow diagram of IRBS

belt 212 for transporting the workpiece under conveyance to
the accurate work-piece container 108. The controller 216
activate the conveyor belt 212 by powering the motor 214
communicably coupled to the controller 216.Upondetermin-
ing that the workpiece 104 is defected based on the message
received from the server 222, the controller 216 at step 314,
activate the mover 224 for pushing the workpiece 104 under
conveyance to the defected work-piece container 106. The
mover 224 includes a pair of a rack and a pinion coupled
with one another for pushing the workpiece upon receiving
a command from the controller 216.

4.4 IRBSmodel

Figure 5 shows perspective view of the IRBS model. Two
rollers are mounted according to the required distance, the
belt is mounted on the rollers on which the workpiece to
be inspected are placed. The rollers shaft is coupled with the
motor drive hencewhen power is supplied to themotor rollers
rotate with a certain time delay according to the motor drive
and the belt moves over the rollers. Thus workpiece handling
is carried out. Initially belt conveyor is stationary.Workpiece
is kept on conveyor belt and the workpiece image is captured
by the camera which is fixed at the top. The captured image

is sent to the computer. MATLAB algorithm read image and
processes with the help of image processing and results are
displayed on command window of MATLAB. Non-defected
workpiece is collected in a separate tray and the defected
workpiece is collected in another tray with the help of DC
gun motor. A pushing rod is mounted in front of the DC gun
motor. When the DC gun extends it pushes the plate hence
the work piece in front is also pushed and collected in the
tray. When the DC gun is retracted the plate also comes back
to its position.

4.4.1 Features of IRBS model

Various features of IRBS model are as follows:

1. An image recognition-based method for identifying a
defected work-piece, the image-based method compris-
ing:

• extracting, by an imaging device, a plurality of param-
eters associated with a work piece under conveyance
froman imageof thework-piece capturedby the imag-
ing device and transmitting the plurality of parameters
to a server.
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Fig. 5 Perspective view of IRBS. Source: Author’s own research

• comparing, at the server, a plurality of parameters
associated with the work-piece with a plurality of pre-
determined parameters and transmitting a message to
the controller; and

• activating, by the controller, a mover for moving
the work-piece to a container, based on the message
received at the controller from the server, wherein the
message indicates the work-piece is defected based
on the plurality of parameters not matching with the
plurality of pre-determined parameters.

2. Themethod asmentioned in point 1, further comprising:
stopping, by a controller, a conveyor belt transporting
the work-piece based on a signal received from a sensor,
wherein the signal indicates presence of the work-piece
within a pre-determined distance of the sensor

3. The method as mentioned in point 1, wherein the con-
troller activates the conveyor belt for transporting the
work-piece to another container based on the message
received at the controller from the server, wherein the
message indicating the work-piece is not defected based
on the plurality of parameters matching with the plural-
ity of pre-determined parameters

4. The method as mentioned in point 1, wherein the plu-
rality of parameters and the plurality of pre-determined
parameters is any of an inner diameter, an outer diameter,
a pitch circle diameter, and module, a number of teeth,
height of each of the number of teeth in the work-piece

5. The method as mentioned in point 1, wherein the mover
comprises a rack and a pinion

6. An image recognition-based system for identifying a
defected work-piece, the image-based system compris-
ing:

• A conveyor belt, controlled by a controller, for trans-
porting the work-piece

• A sensor, attached to the conveyor belt, for sensing
presence of the work-piece within a pre-determined
distance of the sensor and transmitting a signal to con-
troller for stopping the controller

• An imaging device configured to: capture an image
of the work-piece within the pre-determined distance
of the sensor; extract a plurality of parameters associ-
ated with the work-piece under conveyance from the
image; transmit the plurality of parameters to a server
for comparing the plurality of parameters with a plu-
rality of pre-determined parameters

• A mover, controlled by the controller, for moving
the work-piece to a container, based on a message
received at the controller from the server, wherein the
message indicating the work-piece is defected based
on the plurality of parameters not matching with the
plurality of pre-determined parameters

7. The system as mentioned in point 6, wherein the con-
troller activates the conveyor belt for transporting the
work-piece to another container based on the message
received at the controller from the server, wherein the
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message indicating the work-piece is not defected based
on the plurality of parameters matching with the plural-
ity of pre-determined parameters

8. The system as mentioned in point 6, wherein the plu-
rality of parameters and the plurality of pre-determined
parameters is any of an inner diameter, an outer diameter,
a pitch circle diameter, and module, a number of teeth,
height of each of the number of teeth in the work-piece

5 Results and discussions

Trial is conducted on 05 gear wheels after the development of
the IRBS. Various parameters such as inner diameter, outer
diameter, number of teeth and tooth height of gear wheel are
measured by using IRBS. During trial, parameters of master
gear wheel are compared with parameters of manufactured
gear wheel. Values of Master gear parameters are as fol-
lows—(a) inner diameter value = 24 ± 0.5 mm, (b) outer

123



International Journal on Interactive Design and Manufacturing (IJIDeM)

Fig. 8 Parts rejected during manual process and IRBS model

Fig. 9 Process accuracy during manual process and IRBS model

Fig. 10 Time required during manual process and IRBS model
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Fig. 11 Labour productivity during manual process and IRBS model

Table 3 Measurement by using IRBS versus manual measurement system

Parameters Gear wheel number

01 02 03 04 05

Case 1: Measurement by using IRBS

Inner diameter (mm) 24.2 24.4 24.2 24.6 24.0

Outer diameter (mm) 27.3 27.1 27.4 27.1 26.8

Number of teeth 12 12 12 12 12

Tooth height (mm) 1 1 1 1 1

Acceptance/rejection status Accept Accept Accept Reject Accept

Time (per component) required for measurement 15 s to 20 s

Case 2: Manual measurement system

Inner diameter (mm) 24.5 24.5 24.0 24.5 24.0

Outer diameter (mm) 27.0 27.0 27.5 27.0 27

Number of teeth 12 12 12 12 12

Tooth height (mm) 1 1 1 1 1

Acceptance/rejection status Accept Accept Accept Accept Accept

Time (per component) required for measurement 50–55 s

diameter value = 27 ± 0.5 mm, (c) number of teeth = 12,
and (d) tooth height= 1 mm. Table 3 shows measured values
of parameters of manufactured gear wheels.

As shown in Table 3, it is found that the manual mea-
surement system has given the final decision to accept the
gear wheel number 04, but IRBS has recommended to reject
it. To assure the reliability of the result for the gear wheel
number 04, it was inspected again by using both the methods
mentioned in Table 3. It was observed that values obtained
for parameters of gear wheel number 04 by using a manual

measurement system were different when compared to val-
ues obtained by using the same method during the first trial
and recommended to reject the gear wheel number 04. But
values obtained for parameters of gear wheel number 04 by
using IRBS during both the trials were same. Therefore, it is
concluded that results obtained by using IRBS are accurate
and reliable as compared to a manual measurement system.

Also, it is observed that the time required for inspection by
using IRBS is less when compared to a manual measurement
system. Figures 6 and 7 shows comparison of inner diame-
ter parameter values with maximum and minimum size, and
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comparison of outer diameter parameter values with maxi-
mum and minimum size, respectively.

5.1 Effects of IRBSmodel on performance of quality
control department

IRBS model is implemented at Techno Measure Solutions,
Pune, India. The said industry produces gears which are used
in toys and supposed to be machined and inspected accu-
rately. The industry usesmanual sampling inspection process
for gear’s quality inspection. The average process accuracy
of such process was found to be 90.67%. This was leading
to risks at manufacturer’s and customer’s end. It is desired
to achieve 100% process accuracy during manual sampling
inspection process so that manufacturer’s and customer’s
risks must be eliminated. Also, labour productivity of quality
control department was found to be 5.69 units/min. Industry
wanted to increase the labour productivity to the maximum
value. Following are the reasons identified for the low pro-
cess accuracy and labour productivity: (1) high instrument set
up time, (2) high time for measurement, (3) complex instru-
ment set up procedure, (4) the manual sampling inspection
method, (5) the lack of standardization during inspection, (6)
non-maintaining of ambient conditions as per standard norms
during inspection, (7) the time of day, (8) lack of training to
staff and unavailability of experienced staff.

5.1.1 Effects on parts rejection

After implementation of IRBS model number of parts rejec-
tion are reduced to zero. Hence, risk at manufacturer end is
minimized. Figure 8 shows number of parts rejected during
manual process and IRBS model.

5.1.2 Effects on process accuracy

It is observed that the process accuracy is increased due to
the IRBS model as it is having minimum handling and pro-
cessing by human. The average process accuracy is increased
from 90.67 to 100%. Figure 9 shows process accuracy during
manual process and IRBS model.

5.1.3 Effects on time required for inspection

Time required for inspection process is reduced significantly.
The average time required for inspection of 05 samples is
reduced from53 to16 s. Figure 10 shows time requiredduring
manual process and IRBS model.

5.1.4 Effects on labour productivity

It is observed that the average labour productivity is increased
from 5.69 to 18.4 units/min. Figure 11 shows labour produc-
tivity during manual process and IRBS model.

6 Conclusions

In this research article, an image recognition-basedmethodof
identifying a defected work-piece is developed. The method
includes extracting, by an imaging device, a plurality of
parameters associated with a work piece under conveyance
from an image of the work-piece captured by the imaging
device and transmitting the plurality of parameters to a server.
The method includes comparing, at the server, a plurality of
parameters associated with the work-piece with a plurality of
pre-determined parameters and transmitting a message to the
controller. The method includes activating, by the controller,
a mover for moving the work-piece to a container, based
on the message received at the controller from the server,
wherein the message indicates the work-piece is defected
based on the plurality of parameters not matching with the
plurality of pre-determined parameters. Trials are conducted
on the developed IRBS model. Values of different parame-
ters (such as inner diameter, outer diameter, number of teeth
and tooth height) of gears are obtained. These results are
compared with the manual measurement system. It has been
found that results obtained using IRBS model are accurate
and reliable. Therefore, the IRBS model has capability to
minimize the consumer’s and producer’s risks. Also, time
taken by IRBS model for inspection process is less in com-
parison with manual measurement system. The IRBS model
eliminates the use of mechanical instrument systems which
enhances the overall user experience during inspection pro-
cess.

7 Current and future developments

IRBS model involves complex MATLAB programming.
Therefore, skilled programmer is required to develop codes
for the IRBS model. Also, different MATLAB programs are
to be developed for different shapes and sizes. Performance
of the IRBSmodel is fully dependent on light conditions and
height of camera while inspection. Therefore, it is required
to provide standard light conditions while inspection and
provisions should be made to avoid unnecessary shadow on
conveyor system. In the present research work, objects are
placed manually on conveyor system of IRBS model. Future
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activities will focus on the development of the IRBS model
with automatic placing mechanism.
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