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Industry 4.0 subsequently stores the data on the server for better traceability. The
Printed circuit board assembly automated software is developed using VB.NET and installed on a personal
Test and measurement computer. Experiments reveal the proposed approach saves approximately
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manual system. This can enhance the productivity of the industry in terms of
manpower and Resource utilization with a reduction in operating costs.
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1. INTRODUCTION

In electronic circuitry, printed circuit board assembly (PCBA) need to undergo testing to ensure
functionality and meet quality standards. Numerous industries are transitioning towards industrial
automation, testing thousands of PCBAs daily for parameters like sensor values, signal amplitude, frequency,
and rise and fall times. Common tools for this purpose include the digital oscilloscope (DO) and the
multimeter. Manually testing large numbers of PCBAs is both time-consuming and challenging. Factors such
as technological advancements across various fields and increased production demands drive the shift
towards automation testing. Automation offers significant advantages such as reduced labor, energy
consumption, and material usage, while also improving quality, precision, and accuracy [1]. The term
"industry 4.0" (1-4.0) refers to the fourth industrial revolution's utilisation of digital technologies and
capabilities. It aims to create highly digitalized and interconnected smart factories and supply chains
consisting of cyber-physical systems. The concept of 1-4.0 and smart factories are triggered by changes in the
general social, economic, and political landscapes, as well as an increasing technological push in industrial
practices. With increasing capabilities like the internet of things (loT), 4G, and 5G technologies, 1-4.0 is
promising potential benefits such as shorter development time, flexibility, individualization on-demand, and
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improved resource utilization [1]. The technological pillars of Industry 4.0 are mainly digitized concepts like
big data analysis, autonomous robots, simulation, horizontal and vertical system integration, industrial 10T,
cyber security, cloud computing, additive, manufacturing, 3D printing, augmented, and virtual reality [2].
The journey from Industry 1.0 to Industry 4.0 is shown in Figure 1. To achieve the mass production of
complex PCBs effectively, it is essential to integrate automated test equipment (ATE) into the manufacturing
process [3]. It facilitates capturing the signals from each test point automatically, validating the results,
storing, and updating the remote server. This will ensure traceability and optimize resource utilization.
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Figure 1. Industry 1.0 to 4.0

The testing of components amounts to 30% of the overall manufacturing cost, hence the methods chosen
for testing need to be selected judiciously [1]. Among several testing strategies in practice, this work focuses on an
improved functional testing approach that can overcome the difficulties posed by other techniques. The proposed
method employs instruments that are managed by software to test a PCBA unit. The settings required to be done in
the oscilloscope for each test will be stored in a server that is configurable based on requirements. Signals from
PCB assembly, such as voltage, current, and impendence, are precisely analysed by the requirements of each test.
Then the results will be compared against server data and it will automatically be checked whether the test is
passed or not. Automation of such processes provides huge test coverage and limits the factor of time.

2. LITERATURE SURVEY

Typically test and measurement of electronic components in a PCBA play an inevitable role in the
quality of functional testing. To overcome the problems which are faced while manual testing of PCBAs,
Automated testing is desired. The measurements accomplished by instrumentation comprise a crucial part of
electronic testing by ATE [4]. Advanced measurement capabilities of modern instrumentation such as digital
storage oscilloscopes make them extremely powerful, but also add significant complexity due to manual
operation [5]. The automation of the processing of images using an oscilloscope with LabVIEW software has
been reported in [6]. The authors have provided the means of electrical signal acquisition, a processing
system focusing on the front panel of the oscilloscope to process waveforms [7]. The virtual instrument
software architecture (VISA) over a local area network (LAN) was used to design a remote automatic test
system in the MATLAB application development environment (ADE) [8]. The integration of microwave
imagining tests and DO have been explored to test radio frequency and intermediate frequency signals.
Similarly, the integration of MATLAB, LabVIEW, and the development of calibration software for
frequency generators has been used to support the IEEE-488 bus standard [9]. an implementation scheme of
applying LABVIEW to build a user interface to control two oscilloscopes remotely and acquire data via a
network has been investigated [10], [11]. Software testing could be a method of finding errors while
executing a program. It is aimed at evaluating the potential or usability of a program and is vital for accessing
the quality of software systems [12]. Most of the tools of automated software testing increase reliability and
performance, allow the tester to repeat and reuse the final product, saves labour, time, energy, and materials,
and improve quality, accuracy, and precision [13]. The virtual bench instrument combines a mixed-signal
oscilloscope with protocol analysis, an arbitrary waveform generator, a digital multimeter, a programmable
DC power supply, and digital 1/0 [14]. The all-in-one features are simple, and convenient, and provide more
efficient circuit design, debugging, and validation. The virtual bench instrument easily integrates with
LabVIEW software to provide programmatic control and automated test sequences [15].

According to Saikia et al. [16] in a stereotypical view, SQL server is considered to be an enterprise-
level tool; MySQL has carved a niche as a backend for website development. This paper is an attempt to set a
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benchmark in comparing the performance of MySQL against SQL server in a Windows environment [17]. In
this regard, visual basic network (VB.net) enables a new version of a simulation industry populated by
application-specific simulation specialists which generate compatible and reusable simulation
components [18], [19]. Interchangeable virtual instruments (IVI) drivers work best in standard object-
oriented ADEs that support COM directly or through some interoperability mechanism. IVI drivers are more
sophisticated instrument drivers that feature increased performance and flexibility for more interactive test
applications that require interchangeability [20]. General purpose interface bus (GPIB) was developed as an
interface between computers and measuring instruments. It can be used to transfer data between two or more
devices. Handshake communication allows GPIB to achieve highly reliable data transmission. GPIB interface
is employed by many measuring instruments, allowing users to control a variety of measuring instruments by
mastering a single protocol. GPIB devices with different communication interfaces, maximum speeds can be
attained [21]. Data storage essentially means that files and documents are recorded digitally and saved in a
storage system for future use. Data storage makes it easy to back up files for safekeeping and quick recovery
in the event of an unexpected computer crash. Data storage can occur on physical hard drives and disk drives.
Some data storage tools are Cloud, MySQL, and MSSQL [22]. Cloud storage is a cloud computing model
that stores data on the Internet through a cloud computing provider that manages and operates data storage as
a service [23]. It’s delivered on-demand with just-in-time capacity and cost. Complete cloud-based or online
storage solutions offer virtual data storage and convenient access anywhere.

3. METHOD
The work covers the use of VB.NET-based software to automate DO procedures. The workbench
setup for testing and analysis of the electrical signal from the chosen PCB assembly is shown in Figure 2.

Client PC Loaded with
Automation Software

=2
Cloud Or Remote server PCB Assembly
for Data storage (Unit Under test)

Figure 2. Workbench setup for PCB assembly testing using DO

The proposed methodology comprises the following sub-modules, as explained below:

— PCB assembly: this is the unit under test, with test points as per the requirements. These test points
provide access to capture the signals from capacitors, resistors, voltage regulators, ICs, and diodes. When
the DO is connected via an oscilloscope probe.

— DO: a DO processes electrical signals from the PCB assembly and displays them on the screen. It
provides several signal characteristics such as amplitude, time, frequency, mean. The DO is connected to
the client’s PC via USB [24].

— Client PC: the electrical test automation software (TAS) will be installed on the client PC and will be
used to remotely control the DO to record and measure the signals from the PCB assembly test points.
The client PC is connected to the server via LAN.

— Cloud/remote server: it can be placed either remotely within the factory premises or on the cloud, based
on the user's requirements. This carries the details of the oscilloscope settings and results of each test
performed on the PCB assembly. Client PCs will access the server based on requirements using a LAN.

Figure 3 shows the proposed workflow and steps for the test automation setup to test the PCB
assembly. This system is designed to be general-purpose and configurable to make it compatible with
different PCB assemblies.
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Figure 3. The proposed PCB automation testing flowchart

3.1. Test and automation software

The PCB assembly testing is carried out at bharat electronics limited (BEL) using this specifically
developed electrical TAS. This software facilitates users to test PCBs (logic and interface boards) of voter
verifiable paper audit trail (VVVPAT), control unit (CU), and ballot unit (BU). To use the developed electrical
TAS, the Keysight connection expert application should be installed. To work with the TAS, a LAN and
USB connection between the DO and PC/laptop are required. Figure 4 shows the electrical tests application's
front panel, which includes options such as admin, CRO details, help, and reports. The user can change
channel settings using the admin option, however, to do so, the user must input the admin password. DO
details, including VISA addresses, can be added with the help of the CRO details option, while the Help
option allows the user to contact the developer for queries.

- w
S ORASAFIGFY  ELECTRICAL TESTS
BHARATEECTRONICS
Type of Unit
‘' Control Unit © Ballot Unit ~ VVPAT
Type of Test Entor Sonal No
UnitNo: 1

* PRODUCTION * BEL
LotNo: 1

BEL rep CRO Serial Number
USB0::0x0957::0x17A2::MY55140240::0::INSTR

Figure 4. Front panel of electrical TAS

3.2. Printed circuit board electrical test procedure
The Login Window of the electrical TAS displays the type of unit, type of test, enter serial no., BEL
rep, and CRO serial number. The following are the possible choices for carrying out a certain PCBA test.
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— Type of units: this section contains CU, BU, and VVPAT.

— Type of test: this contains production and BEL.

— Enter serial no.: it includes unit no. and lot no.

— The BEL rep: BEL representative's name should be entered here.

— CRO serial number section: contains the VISA address of the oscilloscope.

Open the Keysight connection expert program, where the VISA address will be visible in the USB
section, to verify the address. A green tick indicates that the desired communication has been established
between the oscilloscope and PC/laptop, while a red tick means that the oscilloscope has not been detected.
The connect CRO and START test options enable the successful connection and testing of PCBs. If the
connection fails, the connect option will turn red. While clicking "START TEST" opens a new window
containing the CU electrical tests. Table 1 provides the subsections of the CU electrical test window.

Table 1. Electrical tests modules and sub-modules

Test details CRO settings Settings Results
Test description, test points, result ~ X-axis, Y-axis, coupling, offset, SET, expand, STOP, RUN, Measured
channel, measurement method, trigger type, trigger level, time delay, Delay +ve, Delay -ve, single, values with
minimum, and maximum unit. probe Attn. impedance, and mode. offset, offset +ve , Offset -ve. pass/fail status.

For instance, the parameters chosen in the proposed CU electrical TAS and the testing procedure of

the ‘CU’are provided below:

— Type of unit; CU.

— Type of test: production and BEL.

— Enter CU unit no, lot no, and enter BEL Rep name.

— Select CRO serial number (VISA address) which is detected by Keysight connection export.

— Click on connect CRO option.

— Then begin the test. In the electrical test software, the user selects the module name (self-diagnostics
CSA, battery CSA, RS 485—RX & TX.) and the test no. (7.1.2) of the test to be performed.

— CRO settings will be displayed after selecting the appropriate test number.

— Set the CRO channel settings by clicking the SET option.

— Connect the probes to the respective test points, then follow the measurement method to capture the waveform.
— Asyou click "Measure and Save" the measured parameters (Pk-Pk voltage) are compared with the threshold
values, and the results section will display whether the test passed or failed along with the measured data.

— The output waveform will be saved in both the server and client PCs together with the measured value.

A server is required to run the TAS software in which all the oscilloscope settings are saved. The
software is connected to the server using LAN. The channel settings contain channel numbers, the values and
units of the X-axis, Y-axis, offset, and trigger. depending upon the test to be performed. After measuring and
saving, the output parameters are compared with the chosen threshold values which are in the database. It
notifies whether the test is passed or failed depending upon the compared values. From the resulting
waveform, different types of measurements can be analyzed.

Following are the measurements that can be performed using the developed TAS software.
Horizontal-axis measurements as shown in Figure 5. Vertical-axis measurements as shown in Figure 6.
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Figure 5. Horizontal axis measurements using the proposed TAS software
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Figure 6. Vertical axis measurements using the proposed TAS software

4. RESULTS AND DISCUSSION

An investigation has been carried out in this work to measure the mean and rise time of a signal
using the developed TAS software. Oscilloscope settings (9 common settings), capturing the waveform, and
taking the measurement require approximately 13 minutes for the mean and 6 minutes for the rise time in a
manual setup. Contrarily, as seen from our experiment, the time in the proposed system is reduced to 4
minutes for the mean and 2 minutes for the rise time. Considering the large number of PCBAs subjected to
testing and measurement (TM), such an automation approach can save a considerable amount of time and
labour as compared to the manual testing method. To validate our claim, the work provides a case study, as
briefed below.

Let’s consider a case study of PCB assembly testing at BEL, Bangalore, India, where the experiment
has been carried out. The BEL laboratory tests thousands of PCB assemblies, such as CU, BU, and VVPAT.
The proposed work considers the three major units, such as CU, BU, and VVPAT to validate the developed
TAS software. In the PCB assembly testing of these units, there are more than 205 testing points. Several
components, such as voltage levels of regulators, sensors, battery, LED, and RS-485 TX and RX are tested
and measured both manually and using the developed TAS software in all the chosen units of different PCB
assemblies.

A comparison of time for manual and automation testing (using TAS software) has been made for
different modules of VVVPAT in Table 2. There is a considerable saving in time without any computational
errors using the proposed TAS software as compared to the conventional manual testing system, as observed
from the above table. Additionally, there will be many calculations and ambiguous connections made during
the manual testing of these PCBs in bulk, in addition to inherited human faults [25]. This study shows, the
TAS software is three times computationally more efficient than the manual testing procedure.

Table 2. Comparison of time for manual testing and automation testing for different modules of VVPAT

Type of test Manual (mins)  Automation (mins)  Savings in time (%)
9 V SMPS regulator 40 13 67.50
7.5 V regulator 28 10 64.29
3.3 V regulator 28 10 64.29
(-)3.3 V regulator 35 12 65.71
Battery CSA 30 10 66.67
CSA self diagnostics 50 20 60.00
Battery impedance 25 10 60.00
e -FUSE 95 30 68.42
Length sensor 80 30 62.50
Deplete sensor 55 20 63.64
Contrast sensor 125 40 68.00
Fall sensor 60 25 58.33
RS-485 RX 25 10 60.00
RS-485 TX 25 10 60.00
RS-485 D-RX 22 8 63.64
RS-485 D-TX 21 8 61.90
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Figures 7 to 9. provides the detailed graphical analysis corresponding to three different testing
projects such as VVPAT, CU, and BU considered in this work. The significance of testing projects like
VVPAT, CU, and BU extends beyond technical functionality; they act as bulwarks against electoral
malpractice and manipulation. By subjecting these systems to rigorous testing protocols, electoral authorities
can pinpoint vulnerabilities and implement necessary safeguards to thwart unauthorized access, tampering, or
manipulation of voting data. This proactive stance on security fortifies the sanctity of the electoral process
and upholds democratic tenets of fairness and impartiality [26]. These graphs indicate the superiority of the
TAS software as compared to manual testing with considered savings in testing time.
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Figure 7. Comparison of automation and manual testing for VVPAT
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Figure 9. Comparison of automation and manual testing for BU
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The time taken by the TAS system for three chosen projects such as CU, BU, and VVVPAT is shown
in Table 3. It validates the efficacy of the proposed TAS system against the manual testing system.
According to this table, the TAS system has saved more than 60% of the time when compared to the manual
testing method.

Table 3. Experimental results of improvement in time by using automated testing software
Project  Total no of tests  Manual testing time  Automation testing time  Savings in time (%)

CcuU 54 370 min 35 sec 135 min 05 sec 63.51
BU 51 433 min 45 sec 162 min 22 sec 62.58
VVPAT 205 744 min 30 sec 266 min 37 sec 64.25

5. CONCLUSION

The industrial revolution in manufacturing, like Industry 4.0, requires a suitable technique and
solution for the automation of test and measurement systems which are commonly performed using a DO.
This work carries out a case study to validate the efficacy of the ATE with automated ETAS.EXE software
by operating the DO using VB.NET. Three different projects, such as CU, BU, and VVPAT, have been
considered for such purposes to facilitate the automated testing of PCBAs. A total of 54, 51, and 205 manual
and ATE tests have been conducted for the CU, BU, and VVPAT projects, respectively, to observe the
savings in testing time. Results of this work reveal a significant amount of time savings (approximately 60%)
using the ATE system as compared to manual testing. Furthermore, the developed software allows remote
control of the oscilloscope. The make in India initiative and other global factors are very much in favour of
such development in the field of electronic and semiconductor manufacturing industries. The use of
automated software tools for PCBAs and components will exponentially increase in the future to run the
system at maximum capacity. Many oscilloscopes offer a balance between performance and simplicity by
providing the user with many ways to operate the instrument. Nevertheless, the use of automated TM systems
will enhance productivity by saving time, human error, and labour. Further, it can reduce human fatigue, and
stress, thus assisting in human resource management. The advancement of recent technologies such as
machine learning, the I0T, robotics, artificial intelligence, 5G services will make remote operations easier.
The application of these technologies will expand the capabilities of ATE DO in mass TM of PCBAs in the
electronics manufacturing industry, both economically and effectively.
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