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Abstract:

Light-emitting diodes (LEDs) play a crucial role in vari-
ous practical applications. This paper presents a simple
and cost-effective approach for detecting faults in LED
boards with a large number. The types of faults detected
include open circuits and short circuits. The proposed
solution is based on a voltage threshold and a statistical
algorithm to filter out noise. The paper first outlines
the design concept, followed by the development and
fabrication of a fault classification module. Subsequently,
a control center is established to collect signals from all
fault classification modules connected to LED boards in
pairs. The received signals are processed and stored on a
memory card. Finally, the resulting data can be accessed
either from the memory card or directly via an external
computer through a USB port. The experimental results
demonstrate that the proposed design and fabricated
device can accurately detect and classify faults on the
tested boards. The data obtained can be used for sta-
tistical analysis and root cause investigation to enhance
product quality.

Keywords: LED boards, LFD module, control center,
Arduino Mega2560, fault detection model

1. Introduction

Light-emitting diode (LED) circuit boards are
increasingly utilized in lighting, display, and industrial
applications due to their high efficiency, long lifes-
pan, and low energy consumption [1-4]. However,
during production and operation, LED circuit boards
may encounter various faults, such as power sup-
ply failures, circuit breaks, semiconductor component
damage, or degradation in light quality. Accurate fault
detection and diagnosis play a crucial role in maintain-
ing operational performance, reducing repair costs,
and extending system longevity.

Some previous studies have focused on fault detec-
tion based on image processing techniques combined
with an automated optical inspection system [5],
achieving an accuracy of up to 95% and a process-
ing speed of 0.3 seconds per image. The study [6]
concentrated on the electromechanical characteris-
tics of LEDs that may lead to defects when operat-
ing in flammable environments. In [7], the authors
employed a backpropagation neural network along
with the support vector machine (SVM) algorithm
for fault diagnosis. A low-cost method utilizing fault

detection on a series of three LEDs was also consid-
ered [8], however, this study only addressed auto-
mated inspection for a small number of LEDs. Another
investigation [9] employed a non-destructive testing
method based on a confocal laser scanning micro-
scope system to identify faults under varying inspec-
tion durations. A machine learning approach was pre-
sented in [10] to predict faults in LEDs. In [11], the
authors focused on the frequency-time characteristics
of LED light emission to detect faults that conventional
measurement methods fail to identify, achieving an
accuracy of up to 92% and demonstrating applicability
for large-scale LED maintenance. Additionally, a study
on detecting short-circuit faults in LEDs based on dif-
ferences in voltage thresholds by combining a mathe-
matical model with neural networks was mentioned
in [12]. Among these methods, most were concen-
trated on fault detection for a relatively small number
of LEDs.

Unlike the aforementioned studies, this paper
investigates a fault diagnosis method for LED circuit
boards by analyzing abnormal features in the LED
shapes on the board and the connecting circuitry.
Based on these analyses, an automated fault analy-
sis and detection model is proposed, employing sig-
nal processing techniques to enhance the accuracy
of identifying the root causes of faults. Our approach
is straightforward, cost-effective, and applicable to a
large number of LED boards.

This study utilizes electronic measurement tech-
niques and X-ray imaging to construct a fault detection
model. Common faults on LED circuit boards such as
open circuits, short circuits, and power degradation
will be analyzed to determine fault patterns and pro-
pose design solutions for fault detection systems.

Moreover, this study identifies the primary causes
of failures in LED boards, including individual LEDs,
based on an analysis of defect reports received from
user partners. The results revealed that damage
occurred to the LED components after they were sol-
dered onto an insulated metal substrate (IMS), which
served as a heat sink. Figure. 1 illustrates a dam-
aged LED module (coded 2583-164). X-ray images
revealed no defects in the electrical circuit on the alu-
minum heat sink substrate (see Figure. 2). However,
the defects were observed in the LED chips. Perpendic-
ular and tilted X-ray images of the LED chip (Figures. 3
and 4) identified anomalies in the defective chips.
In contrast, side-view images of the chips did not

3 Open Access. © 2026 Van Anh Pham and Minh Tien Do, published by tukasiewicz Research Network — Industrial Research Institute for Automation
and Measurements PIAP. This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License



Journal of Automation, Mobile Robotics and Intelligent Systems

VOLUME 20, N°1 2026

Figure 2. X-ray image of the electrical circuit of the LED
board
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Figure 3. X-ray image showing a defect in the LED chip
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Figure 4. Lateral X-ray image showing a defect on the
LED chip

exhibit any distinguishable differences between the
functional and defective LEDs, as shown in Figure. 5

In addition to the X-ray method, manual measure-
ments were performed on both functional and faulty
LEDs using a digital multimeter (Fluke 87V). An exam-
ple of the manual measurement results is presented
as follows: The light emitted is bright for functional
LEDs, with the forward resistance measuring 37.9 MQ.
In contrast, a damaged LED that does not emit light
exhibits a resistance value of only 38.2 Q. The results
are illustrated in Figure. 6.

Defective LED  Functional LED

Figure 5. X-ray image of the side view of the defective
and functional LEDs

Figure 6. Demonstration of manual resistance
measurements for functional and defective LEDs

Based on these observations, the following general
design requirements are proposed: a testing duration
of 120 minutes, with a cycle consisting of 5 minutes
ON and 1 minute OFF. A constant electrical current of
300 to 350 mA that is applied to each 3-LED board,
ensuring the current does not exceed 350 mA. The
system is capable of automatically detecting short and
open circuits in individual LEDs.

This paper proposes an approach for designing
testing equipment that simultaneously identifies error
types on surface mounted device (SMD) LED boards.
The system supports testing of up to 200 3-LED boards
or 600 1-LED boards. The device operates based on
a voltage threshold to detect open circuits, short cir-
cuits, or normal operational statuses of LED boards.
The control center, fault collection, and data export are
managed by an Arduino Mega2560. This central unit
is interfaced with 74HC165 modules to fully expand
the data capture ports. The design, manufacturing, and
testing processes have demonstrated that the device
meets the proposed design requirements and ensures
testing accuracy.

The remainder of this paper is organized as
follows: Section II presents the conceptual design,
Section III details the design of the reporting system,
Section IV discusses the experimental fabrication
process, and Section V presents the results and their
subsequent discussion. Finally, the conclusions are
drawn in the last section
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Figure 7. Block schematic of control system

2. Conceptual Design

This section introduces the device’s core concept
and the essential components for accurate fault diag-
nostics. A proposed design includes blocks shown in
Figure. 7 to implement the requirements check for 200
boards with 3-LED. The control center is an Arduino
Mega Kit. This board was selected due to the many
digital [/0 pins essential for huge LED boards (54 1/0
pins). The second important module is the expansion
board. One thousand two hundred input pins are nec-
essary to determine the states of 600 LED units. It
should be noted that a LED has three states: short,
open, and regular circuit. It needs two pins to know
the LED state. For the maximum checked LED on each
board case, the calculation is conducted with 3-LED
boards. Therefore, 150 units of 74HC165 chip can
appreciate total LEDs on checked boards.

The following important part is the error classi-
fication module. This module outputs three possible
statuses for each LED: short, open, and regular circuit.
A comparison structure of voltage level can be used
to identify the error of a single LED. However, it is
necessary to determine the resistance value of false
LEDs. Another equally important part is the power
supply module. Instead of using relays to turn on or off
the LED power supply source, the modules that apply
the MOSFET transistor are used to restrict noise that
affect feedback signals.

Furthermore, a microSD card is applied to write
the result data. This module is directly connected to
the center control module. Similarly, an accurate timer
is added to write the final time of the testing pro-
cess. The input commands from the control human are
typed to set up the parameter of the testing process
through a joystick attached to a switch. This joystick is
connected to Arduino Mega through two analog pins
and a digital input pin.

3. System Design
3.1. Mechanical Design

Next, a mechanical structure supporting the elec-
tric system is designed and presented in Figure. 8.
This uses profile aluminum bars 40x40, combined
with powder-coated steel sheets as an external cover.
Total dimensions are 1100, 1000, and 350 mm, cor-
responding to height, length, and width. The grooved
insulating panels containing the LED boards act as
a support floor, separating the floors. Furthermore,
an indication lamp is added to identify the device’s
operation status.

Figure 8. Concept model of mechanical structure
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Figure 9. Schematic diagram of control center

3.2. Electrical Design

This section presents the necessary steps of the
electronic circuit design process. First, the approach
for the control schematics is introduced, as shown
in Figure. 9. The control center is optically isolated
from the power source of the LED modules and the
relays controlling the alarm lamps in order to reduce
the impact of signal noise. The modules, including the
3-signal pin joystick, the 20-column X 04-row LCD,
the real-time clock (RTC 3231), and the microSD card,
are directly connected to the Arduino Mega KIT (see
Figure. 9). Two 5V power supply module types are
employed: one to power the microcontroller, input
expansion modules, LCD, RTC, and SD card, and the
other to supply power to the high-power LED modules
and fault classification modules. This design ensures
the stable operation of the system during extended
testing periods.

Additionally, a four-channel relay module is incor-
porated to operate alarm lamps that indicate the
device’s operational status. This relay module is
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Figure 11. Connection diagram of peripheral devices
(74HC165 and LFD module)

optically isolated from the Arduino Mega, as demon-
strated in Figure. 10.

The next section of the design diagram illustrates
the connection between the LED fault detection (LFD)
modules and the input expansion modules based on
the 74HC165 shift register. Each LFD module is capa-
ble of identifying the failure types of a three-LED
board (open, short, and regular circuits). A pin expan-
sion board consists of three 74HC165 chips, providing
atotal of 24 digital inputs, and is connected to four LFD
modules (see Figure. 11). Therefore, for testing 200
LED boards, a total of 600 LFD modules and 50 pin
expansion modules are required, which corresponds
to 1200 digital data pins transferred to the Arduino
Mega KIT.

In this design, due to the reliance on the mechani-
cal frame structure, the port expansion system is dis-
tributed across four main blocks, each utilizing three
pins: CLK, CS, and MISO, which are connected to the
Arduino Mega 2560. The first three blocks contain 13
modules of 74HC165, while the fourth block contains
11 modules

An LFD module consists of three testing clusters,
with each cluster monitoring a single LED chip. The

(if S1 is high and 01 is low), or normal operation (if
both 01 and S1 are low). The ISO1 and ISO2 opto-
couplers provide electrical isolation for the test status
signal before transmitting the S7 and 01 signals to the
Arduino Mega KIT. This isolation ensures the stability
of the central controller’s operation during prolonged
testing periods.

The schematic diagram of the LED module to be
tested is shown in Figure. 13a. The LEDs are connected
to a common anode, with the power pins (L1, L2, and
L3) directly connected to the LFD module. The equiva-
lent schematic diagram for a regular, forward-biased
LED is presented in Figure. 13b, where the forward
voltage Vi = Ry,.Ip +V,, with V}, representing the bar-
rier voltage of the LED junction, and Rb denoting the
internal resistance of the LED.

3.3. Control Flow Chart

The primary control algorithm, as illustrated in
Figure. 14, provides a clearer understanding of the
device’s operation. There are three main operating
modes: Setup Mode (i), Calibration Mode (ii), and Test-
ing Mode (iii). In Mode (i), users can configure input
parameters such as the number of boards to be tested,
the LED "on” time (¢,5), the LED "off” time (),
and the total testing time (¢t.). It should be noted that
the number of LED testing cycles (n.) is calculated as
follows: n, = ROUNDDOWN(¢, / (ton + toff)), where
ROUNDDOWN(.) denotes the floor function. In Mode
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Figure 14. Schematics of control flowchart

(ii), users can perform diagnostics on the extended
[/O ports without connecting to the LED modules.
This mode enables the verification of the status of
the extended ports and the identification of potential
faults in the associated internal modules. Mode (iii) is
the testing operation to determine whether LEDs are
faulty or operational when connected to the device.
In this mode, the LED modules are switched on and
off cyclically. During the "on” state, the fault detection
signal is sampled continuously at a frequency of 1 Hz
throughout the "on” period (ton), which minimizes
the impact of signal noise during testing. A parame-
ter, referred to as the actual fault return frequency
(fg:), is introduced and calculated as follows: fz; =
ngi/nr, where ng; is the number of detected faults,
nr denotes the total number of sampling acquisitions
during the testing process,and i = 1, 2, .., 1200.1It
should be noted that ng; is computed as follows:ng; =
Z] -1 Xki [7], where, xg; represents the logic value of
the output K at position i, if i is an even number, then

= O else K = S; 0 and S are symbols related to
the output state pin of the LFD board. The parameter
fEi is crucial for evaluating the reliability of the testing
process, especially in industrial environments. A fault
is confirmed to have occurred when fgz; = fr, fris
the threshold value. Beyond averaging-based noise
filtering, sequential switching of 20 LR7843 power
modules is employed to minimize system interference.

In summary, integrating noise filtering
algorithms, rational power switching control, and
microcontroller-power stage isolation enhances
system stability and reliability.

Figure 15. lllustration of the measurement of current
and voltage parameters on 1-Led model: SMD 2583-426
REV B (a), 3LED board model: SMD 2583-164 PCB REV B
(b), and fault classification module (c)

4. Manufacturing process

The fabrication process of the device consists of
two primary stages: the experimental phase (i) and
the manufacturing phase (ii). In the first stage (i),
the fault classification module for a single LED unit
is tested. This process involves conducting manual
measurements to identify fault types and testing a
prototype of the fault classification module, which is
connected to a 3-LED board using a multimeter and
a digital power supply (Topward 3303D). This proce-
dure is illustrated in Figure. 15. It is important to note
that the SMD 2583-426 LED module contains a sin-
gle LED, whereas the SMD 2583-164 module contains
three LEDs. These modules are not equipped with
current-limiting resistors (refer to Figure. 13). The
second stage (ii) entails the mass production of LFD
modules and their integration with extended /0 mod-
ules, Mosfet LR7843-based PWM controller modules
(HW-532), and the central controller (Arduino Mega
2560). The LED boards to be tested are systematically
arranged across eight levels of a storage cabinet, with
each level accommodating 25 LED boards. Each HW-
532 module is employed to power 10 to 12 LFD mod-
ules. This module was selected due to its resistance
characteristics, with Rpsonymax = 3.3 m{}, leading to a
voltage drop across the power module is low, Vps(on)
=Rpsconymax X Imax = 0.043 V. Four 5VDC, 20A power
supplies are evenly distributed to supply power to the
eight levels of LED boards (200 3LED-boards) and the
200 LFD boards. The power supply, with I}, = 5V, was
selected due to its widespread industrial adoption and
compatibility with the forward voltage of the LED chip.
The current per three-LED board, I3} g jayx, is limited to
350 mA. Consequently, the maximum average current
per LED is given by I max = I31.5 max/3- The total peak
power of the device, Pp p.x = 6001p Ve = 3500/,
remains within safe operational limits. Although the
chosen 400W total power is not fully optimized, it
ensures a reliable safety margin for the system.
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Figure 16. LED fault tester during assembly and testing

To demonstrate the results of the manufacturing
process, Figures. 16 and 17 illustrate the assembly of
modules into the mechanical cabinet, along with the
testing of each part before the final device inspection.
Additionally, this process includes the calibration of
1/0 expansion modules to fix any errors.

5. Results and Discussion

To further evaluate the device before completion,
we tested some samples sent by customers. The num-
ber of sample boards used for testing the device is 5
(for 3-led boards), named NCR1 to NCR5 and illus-
trated in Figure. 18. First, these sample LED boards
manually tested each LED by using the multimeter
for resistor measurement and the digital power sup-
ply to track consumed current, to determine the fault
types. Then, they are connected to only one individual
LFD module and the digital power source to confirm.
This process is to claim that the faulty kind of sample
boards are exact. Results are summarized in Table 1.
It is noted that the returned output values of the LFD
module are shown in this table, where Oi and Si indi-
cate “open state” and “short state” correspondingly
(i = 1,2,3). Next, five sample boards are attached to
the manufactured testing device, and the position of
the connector jacks is marked. The device is activated,
and the testing results are compared to the sample
set. Figure. 19 illustrates the diagram of the testing
process. The test results are performed 40 times with
a shortened time of 2 minutes ON time and 1 minute
OFF time. This test is because the number of boards
with broken LEDs is limited. The test time is short-
ened compared to reality, but the number of tests per-
formed has increased (up to 40 times). The positions
not connected to the LED boards are considered open
circuit fault board one during the test.

288 Mode: 3
elmini:
T_offsl
O to confirms

Calibrate in<sout:
OF rumberdcFa: 537
SF ruumberdcFa: 3
LPush 0K to return>

Testing(®)... 1989
Temperature(Cli36.5

Figure 17. Display screen of parameters

Figure 18. Testing board samples (2583-164-PCB-REV B,
2583-426-REV B)

The results of the individual tests are presented in
Figure. 20. The key parameters include the test date
and time, the circuit board position, the LED location,
the test status, and the probability of meeting the
required criteria. It is important to note that the prob-
ability of meeting the criteria is calculated as the ratio
of successful trials to the total number of tests con-
ducted. This value corresponds to fg; as mentioned
in Section 3.3. The test status is determined during
the period when the LED is illuminated. Due to mea-
surement noise, this parameter may not reach a value
of 1, but it reflects the reliability of the test results.
Experimental results demonstrate that the device’s
trial runs accurately identified errors on the sample
LED boards, including LED location, board position,
and fault type. A total of 40 tests were performed, all
of which met the required criteria.

To further assess the accuracy and reliability of the
device, a statistical analysis was conducted with 40
different trials using five 3-LED board samples per run
at varying positions, i.e., the evaluation used 15 LEDs,
including 3 open-circuit, 2 short-circuit, and 10 func-
tioning LEDs (see Table 1) for each trial. This arrange-
ment ensures that all 600 positions were tested once.
The device accurately identified the correct status of
each LED in all trials. Therefore, the observed accuracy
is 100%. Using the Wilson score interval method, the
95% confidence interval for the true accuracy of the
device was estimated to be no less than 99.37%. These
results indicate that the device is highly reliable.

In addition to the inspection status of the LEDs
derived from the data stored on the SD card, the device
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u
Table 1. Sample of faulty LED boards (2583-164-PCB-REV B).
N.o. Board NCR1 NCR2 NCR3 NCR4 NCR5
LED1 Led1 State 0 N N N N
O pin 1 0 0 0 0
Spin 0 0 0 0 0
LED2 Led2 State N N S 0 S
O pin 0 0 0 1 0
Spin 0 0 1 0 1
LED3 Led3 State N 0 N N N
O pin 0 1 0 0 0
Spin 0 0 0 0 0

Mount the 5 LED boards at the first position of the machine

]

l Set the number of tests to 40 ‘
=7

l Run the machine to test LED boards ‘

chcord positions of the LED boards and the test rcsults‘

Stop the machine
test process

The number of test = 0

l Decrease the number of tests ‘ End

v

l Move the 5 LED boards to a new position on the machine ‘

Figure 19. Illustration of the device testing process with
a small number of faulty LED boards

474|Number of LED unit s: 200
475|Total time of test ing (minutes): 2
476|Time of on Led (minutes): 1

477 |Time of off Led (minutes): 1

478|Date Time  Mo.board Noded Status  Probability
479/ 8/9/2024  16:50 1 1 Open 1
480/ 8/9/2024  16:50 2 3 Open 1
481/ 8/9/2024  16:50| 3 2 shart 1|
482 8/9/2024  16:50 a4 2 Open 1
483' 8/9/2024  16:50| 5 2 shart 1|
484 8/9/2024  16:50 6 1 Open 1
485 8/9/2024  16:50 6 2 Open 1
436 8/9/2024  16:50 6 3 Open 1
487 8/9/2024  16:50 7 1 Open 1
488 8/9/2004  16:50 7 2 Open 1
480/ 8/9/2004  16:50 7 3 Open 1
490/ 8/9/2024  16:50 8 1 Open 1
491 8/9/2024  16:50 8 2 Open 1
432 8/9/2024  16:50 8 3 Open 1
493 8/9/2024  16:50 9 1 Open 1
494 8/9/2024  16:50 9 2 Open 1
495 8/9/2024  16:50 9 3 Open 1
496 8/9/2024  16:50 10 1 Open 1
497 8/9/2024  16:50 10 2 Open 1
408 8/9/2024  16:50 10 3 Open 1

Figure 20. A report sample of the testing result

was also tested for current and voltage values directly
across the LEDs using a manual random measurement
method with a multimeter. The results are as follows:

the average current through each LED ranged from 96
mA to 100 mA, and the forward voltage ranged from
2.7 V to 3.0 V. These values conform to the required
specifications. A slight deviation between the calcu-
lated and measured values was observed, attributable
to the cable resistance connecting the LED boards and
LFD modules. The average actual power consumption
of a functional LED is calculated as P, = IzVz
0.28 W, while the average power consumption of an
LED branch and the testing circuit is P, = IzV,
0.49 W, where the average current through a sin-
gle LED is I 0.098 A and the average volt-
age drop across the LED is V; = 2.85 V. Conse-
quently, the calculated energy efficiency of the testing
device isn = P;/P, = 0.57, which remains subopti-
mal. To enhance efficiency, future design adjustments
may be necessary, particularly by lowering the supply
voltage.

~
=~

~
=~

In comparison with previous research methods
that employed image processing techniques [5], neu-
ral networks combined with SVM [7], and learn-
ing machines [10], which achieved high accuracy
for small-scale inspections but incurred high com-
putational costs, our presented approach is simpler
and computationally efficient on low-end processors.
Moreover, it can be easily calibrated and scaled for
high-throughput inspection.

In summary, the device trial met the essential
requirements, effectively distinguishing the states
of the LED boards. However, the practical testing
process revealed some limitations: the sample size
was insufficient, with only five boards tested across
40 trials; the device was tested solely on 3-LED
boards, without comprehensive testing on 1- or 2-LED
boards.

Additionally, long-cycle sequential testing was not
performed due to the significant time required. One
reason for this limitation was the insufficient number
of 1-LED and 2-LED boards provided by the customer.
Nonetheless, the 1-LED and 2-LED boards share the
same LED components as the 3-LED boards and lack
current-limiting resistors (see Figure 13a). Therefore,
the 3-LED boards were considered representative
and used as substitutes for the other types during
testing. Finally, the device has been transferred to the
operational unit without reported issues, except for
arequest to update the control program to enable the
display of inspection data for LED boards. The Arduino
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program source code is accessible at: https://github.
com/anhcdt/ArduinoMega-code/tree/main

6. Conclusion

In this paper, a design proposal and implementa-
tion of a testing device for detecting LED failures on
circuit boards have been carried out. The design solu-
tion is based on classifying the operating conditions of
each LED: open circuit, short circuit, and regular. The
classification circuit relies on the working resistance
threshold of the LED to identify faults. To enable simul-
taneous testing of multiple circuit boards, the central
control circuit utilizes an Arduino Mega and 74HC165
input expansion modules, allowing for an extension
of up to 1200 inputs. The control algorithm operates
based on calculating continuous sampling frequency
throughout the operating period to accurately deter-
mine the status of each LED and generate the result
report, which can be accessed directly via a USB-
Comport connection or indirectly via a memory card.
The test results indicate that the designed device can
accurately detect the faults present in LED boards. In
the future, several works can be identified as follows:

() A comprehensive and diverse set of circuit board
samples from the factory will be collected for
testing and overall machine evaluation in a con-
tinuous improvement cycle.

(ii) A machine learning-based approach will be
incorporated to analyze fault patterns using
time-series data storage, particularly in design
enhancements for expanding RGB LEDs, high-
power COB LEDs, or multi-channel LED systems.

(iii) The system will be connected to Internet of
Thing (IoT) platforms via Bluetooth and Wi-Fj,
enabling real-time remote monitoring and pre-
dictive maintenance.

(iv) A GUI-based interface will be developed to dis-
play results within an industrial setting.

(v) Optimization of the device’s energy efficiency will
also be considered in machine design adjust-
ments.
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