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	 Amid declining birth rates and a global labor shortage, automated electrical testing has 
become essential for industrial development. However, many factories face technological lock-in 
due to long-term reliance on a single vendor’s automation systems, resulting in high sunk costs 
and significant challenges when upgrading or switching platforms. In this paper, we propose a 
universal automated high-potential test system (UHPTS) designed to operate seamlessly across 
multiple instrument brands. The system unifies communication protocols by mapping 
instrument commands to standardized labels and retrieving the required instructions from a 
centralized database, in accordance with the selected test environment. This architecture enables 
cross-platform interoperability within a single testing framework. The UHPTS can also be 
integrated with the manufacturing execution system (MES), allowing automatic parameter 
loading via product barcodes and supporting fully automated, operator-independent testing. 
Experimental results verify that the proposed system reduces operational complexity, eliminates 
vendor lock-in, minimizes human error, and enhances testing efficiency and reliability. Overall, 
the UHPTS offers a scalable and practical solution for modernizing withstand-voltage testing in 
power supply manufacturing.

1.	 Introduction

	 As birth rates decline and the global labor shortage worsens, companies face increasingly 
serious challenges in recruiting talent. Low margins and high volumes characterize the 
electronics industry, while competition in the energy components market is even fiercer. To 
address the current revenue shortfall, it is necessary to improve product quality, production 
efficiency, and yield so that customers are willing to pay more for higher-quality products. 
Under the conditions of human resource shortages, introducing automated machines to reduce 
personnel workload and automate energy component testing can not only lower workforce and 
production costs but also enhance product quality, thereby indirectly increasing the company’s 
revenue. Early power supplies were linear, valued for their simple design and low electromagnetic 
interference. Their main components were transformers and rectifiers, but they exhibited low 
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power density and efficiency. It was not until 1970 that the Dutch scientist N. R. M. Rao 
developed a pulse-width modulation (PWM) power converter, which used PWM to control the 
power switch and produce a step-up or step-down output voltage.(1–3) This innovation paved the 
way for today’s switching-mode power supplies. Although PWM technology enables the precise 
control of output voltage and current, it can cause interference with other devices within the 
system. PWM employs high-speed switching, allowing for rapid changes in voltage or current, 
which in turn generates additional harmonic components in inductive elements such as 
transmission lines, cables, and windings.(4) Therefore, in circuit design, it is essential to consider 
harmonics suppression and measures to prevent interference with other devices.(5)

	 In addition to harmonic interference, electromagnetic interference (EMI) is also becoming 
increasingly severe. As printed circuit board technology has matured, it has progressed from 
single-layer to double-layer, and more recently, to multilayer, printing. More electronic 
components can be packed into the same unit area, thanks to technological advancements. 
However, the components may interfere with each other, causing the parts to malfunction.(6) 
Alternatively, EMI from the power supplies of the different electronic devices may be the cause. 
The easiest way to reduce EMI is to enclose the power supply in a metal shell. However, doing so 
may pose a risk of electric shock, so any exposed metal must be physically isolated from the 
high-voltage part.(7) In this case, a voltage withstand test is required to ensure that the metal and 
the high-voltage part have sufficient insulation strength to prevent voltage breakdown.
	 When discussing the withstand high-potential (Hi-Pot) test, it is also essential to address the 
series of test procedures performed on the power supply before factory release. After the power 
supply is assembled, it must undergo an aging test, also known as a heat test or burn-in test. The 
primary purpose of aging tests is to identify defective products in advance by simulating actual 
usage conditions, as most electrical component failures occur during the early stages of use and 
at the end of the warranty period.(8) By simulating actual use, defective electronic components 
can be identified early. Additionally, since the test simulates actual use, a significant amount of 
power will be consumed. Therefore, many people have studied energy-saving or recyclable loads 
that store electrical energy initially dissipated as heat in batteries or that connect to the 
company’s power grid for recycling.(9,10) After the initial elimination of defective products, basic 
electrical characteristics testing will be carried out. In practice, it is referred to as a 
comprehensive test or an instrument test platform using an automatic test equipment (ATE) or 
automatic test system (ATS).(11) It includes power factor testing, no-load efficiency, full-load 
efficiency, and other relevant measurements. In addition to electrical characteristics, short-
circuit protection, overvoltage protection, and other parameters are tested. Although circuit 
feasibility is verified through simulation software during design, all products must undergo 
actual testing before delivery to customers to prevent defective products from being 
shipped.(12,13) The final step in the test is the withstand Hi-Pot test. The primary purpose of the 
withstand Hi-Pot test is to verify that the product’s insulation capacity is sufficient in a high-
voltage environment, ensuring that users are not at risk of electric shock in the event of an 
accident.
	 Previous studies on withstand testing for Hi-Pot tests have primarily focused on wires, 
motors, power-generation equipment, and similar devices.(14–17) However, beyond wires, motors, 
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and power generation equipment, household appliances commonly found in daily life, such as 
ovens, refrigerators, and coffee machines, must also undergo voltage resistance testing because 
they come into contact with humans.(18) Electric vehicles also require such tests, as do the power 
supplies of medical devices.(19) In a hospital environment, leakage current can pose a risk to 
patients, especially in specialized areas such as operating rooms and intensive care units, where 
patients are under anesthesia and have diminished or absent defense mechanisms. If a 10 mA 
current passes directly through a patient’s heart, it can cause an electric shock called a 
microshock. Therefore, strict electrical safety measures are required.(20) For a healthy person, a 
current of only 50 mA flowing through the heart can cause cardiac arrest. Therefore, the 
insulation capacity of power supply products is crucial; better insulation reduces leakage current 
during an incident.
	 As a fundamental component of electronic equipment, the safety and reliability of power 
products significantly impact the operation of the entire electronic system. When products are 
intended for the global market, compliance with the safety standards of various countries’ 
regulations is required for power supply manufacturers. Because safety regulations for electronic 
and electrical products vary by country, manufacturers often need to ensure that their products 
comply with multiple regional safety standards before entering international markets. Common 
worldwide certification bodies and standards include Underwriters Laboratories (UL) and 
Federal Communications Commission (FCC) in the United States, Product Safety Electrical 
Appliance & Material (PSE) in Japan, Conformité Européenne (CE) in the European Union, and 
Bureau of Standards, Metrology, and Inspection (BSMI) in Taiwan. These certifications address 
product electrical safety, electromagnetic compatibility, energy efficiency, and market 
acceptance. To meet these certification standards, power supply products must undergo rigorous 
testing before shipment.
	 Major test categories include burn-in testing to identify early failures; output and input 
characteristic testing to assess voltage/current accuracy and tolerance to voltage, frequency, 
surge, and EMI; stability and transient performance evaluation; inspection of protection 
mechanisms (overvoltage, overcurrent, and short circuits); and Hi-Pot testing to confirm 
insulation robustness. Manual testing is inefficient and error-prone, particularly as product 
variety and production volume increase. Thus, most manufacturers adopt ATE, integrating 
instrument control, data acquisition, fault analysis, and automated reporting to enhance test 
consistency, production efficiency, and safety compliance while reducing labor dependence. 
However, as test systems age, manufacturers may face technology lockdown issues from 
equipment suppliers, who may discontinue legacy support and impose costly upgrades. Because 
of hardware–software incompatibility, users are often required to reinstall equipment, rewrite 
test scripts, retrain personnel, and revalidate processes, resulting in high reinvestment costs and 
operational interruptions. In this paper, we examine withstand-voltage testing (also known as 
insulation-resistance testing) and propose a universal, automated withstand Hi-Pot test system 
that can operate across multiple instrument platforms. This system addresses incompatibility 
issues among test instruments and mitigates the current system’s cumbersome operation and 
difficulty in interpreting test results. Furthermore, it reduces the inconvenience and operational 
errors that operators previously faced.
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2.	 Problem Formulation

	 The following is the current standard operating procedure (SOP) for Company S’s power-
supply withstand-voltage testing. (1) The operator sets the corresponding test specifications in 
the instrument according to the instructions on the process card; (2) the product is connected to 
the instrument’s test leads; (3) the product barcode is scanned, and then the test program initiates 
the test; (4) after the test is complete, the results are stored on the local computer; (5) the product 
is removed, and the process returns to step 2 to test the following product; (6) the next day, all 
product test data from the previous day are transferred via USB drive to the engineer’s computer 
for further product analysis or customer reference.
	 This test procedure has several problems, as outlined below. (1) The information on the 
process card is manually copied from the web page by technicians, which is prone to errors or 
unclear handwriting; (2) operators may select the wrong test specifications, affecting test 
accuracy; (3) the current detection program cannot determine whether the product has been 
correctly connected to the test lead. Suppose the operator scans the product barcode and starts 
the test before the test line is connected. In that case, it may not only cause personal safety risks 
such as electric shock but also make the instrument produce incorrect test results, impacting the 
accuracy of product quality assessment; (4) test data is not uploaded promptly, causing relevant 
personnel to be unable to obtain product test results immediately. All these issues will directly or 
indirectly affect production yield, especially when the company faces pressure to meet orders. 
During the peak season, several batches of different products must be produced daily, 
significantly increasing the likelihood of problems.
	 Because of the above issues, we aim to optimize and refine the power supply withstand Hi-
Pot test process to enhance accuracy, safety, and the timely dissemination of information. An 
automated testing program will be developed to support multiple instrument brands, thereby 
reducing the company’s dependence on a single equipment supplier. In the future, when an 
instrument malfunctions, companies can flexibly procure the appropriate equipment on the basis 
of their actual needs, without incurring conversion costs or downtime associated with replacing 
instruments and test software. At the same time, this design reduces manual work, lowers the 
learning threshold for operators, improves overall production efficiency, and automatically 
uploads test data to the database for instant querying and subsequent analysis. To address the 
safety concern, a new “product positioning confirmation” function is expected to be added. 
Even if the barcode is scanned first, the system will not start the test until the product has 
reached the positioning checkpoint. The test will only start after confirming that the product has 
been correctly positioned, thereby ensuring personnel safety during the operation. To improve 
timeliness and information traceability, the proposed test system automatically uploads test 
results to the database upon completion of the inspection. It simultaneously reports the product’s 
test results to the integrated manufacturing execution system (MES). This not only allows 
quality control personnel to conduct real-time queries and analysis but also helps production 
managers monitor manufacturing progress, thereby improving overall production efficiency and 
quality control. In addition, this universal withstand Hi-Pot test system provides a reserved 
Hypertext Transfer Protocol (HTTP) network interface to facilitate future data exchange or 
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integration with other systems. This enables the control of product loading and unloading 
through fixed-format communication commands. Once the test is complete, the universal 
automated high-potential test system (UHPTS) communicates with the central control system, 
which then controls the product’s loading and unloading.

3.	 Design of Universal Withstand Hi-Pot Test

	 Figure 1 shows the experimental architecture diagrams for the proposed Hi-Pot test system. 
The overall system is controlled by a computer connected to the Hi-Pot test instrument via an 
RS-232 interface to execute test commands and receive test results. At the same time, via the 
RS-485 communication interface and the remote I/O device connection, the digital input (DI) 
contact status reading and digital output (DO) contact switch control functions can be 
implemented. The device functions are described below. (1) The computer can control the 
withstand Hi-Pot instrument and the remote DI/DO device, and read their test results and device 
status. When the computer receives the product barcode and the product is correctly positioned, 
it activates the instrument to initiate the test. After the test is completed, the results are uploaded 
to the company database.  (2) The remote DI/DO receives the short-circuit signal of the 
positioning checkpoint and controls the status of the three-color light. The computer will query 
the remote DI/DO for the contact status via Modbus communication and will not proceed to the 
next step until the positioning checkpoint is short-circuited. Additionally, the computer will 
control the remote DO output contact via Modbus to regulate the three-color light’s status. (3) 
The three-color light displays the current operating status of the system. The yellow light 
indicates standby, the green light indicates operation, and the red light indicates system 
abnormality. (4) The withstand Hi-Pot instrument can perform withstand Hi-Pot, insulation 
resistance, ground resistance, and other tests on motors and electronic equipment. It can send 
commands to control the instrument via RS232 and return the current test results. (5) The object 
under test can be a power supply, any motor equipment, or electronic parts. 

Fig. 1.	 (Color online) Experimental architecture.
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	 Figure 2 illustrates the planned test process for this program, which is aimed at addressing 
existing issues and enhancing production efficiency. Several main problems in the original 
process have been effectively addressed in this optimized version. The proposed testing method 
offers several advantages, as outlined below. (1) There is no need for personnel to manually 
select the test method and input the parameter data according to the process card. Instead, the 
program scans the barcode to retrieve the appropriate test method and parameter data 
automatically, then sends this information to the instrument. (2) The system now includes a 
positioning checkpoint detection function to ensure the product has been placed correctly, 
reducing test failure caused by wiring issues or electric shocks. (3) Test results are automatically 
uploaded to the database, removing the need for on-site personnel to transfer the data. Managers 
can directly query the database and retrieve results, eliminating multiple layers of data transfer, 
thereby reducing response times and improving service quality. The proposed design is 
explained below.

3.1	 Test the object connected to the test lead

	 Depending on the product, different test leads or fixtures are used to conduct the Hi-Pot test, 
as shown in Fig. 3. Open-frame products are typically tested with acrylic fixtures and probes. 
Products with a case will be directly connected to the test lead for testing.

Fig. 2.	 Flowchart of the proposed testing method.

Fig. 3.	 (Color online) Actual product wiring for testing: (a) open frame product and (b) product with a case.
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3.2	 Scan the product barcode

	 Figure 4 shows a program for scanning product barcodes. Lines 313–315 are for first 
determining whether the user pressed Enter, then verifying that the barcode was read correctly. 
The standard barcode character count is within 10–20 characters. If the barcode meets the 
conditions without errors, the next step is enacted. If the system is in Error mode, the human–
machine interface (HMI) will display the error code and instructions. Note that lines 318–323 
specify the most recent test results to prevent incorrect results from being displayed on the 
screen.

3.3	 Get test specifications

	 When the program asks the MES which test specification applies to the barcode, the MES 
first locates the “manufacturing order” associated with the barcode, then returns the test 
specification to the program based on the test site. This procedure is shown in Fig. 5. Figure 6 
shows the product information query program. Lines 1618–1622 are the instructions for 
establishing API communication. The previous procedure obtained the product barcode, which 
will be entered into the instruction here. Line 1621 transmits the relevant data to MES through 
the API_get method. Then, MES will return the appropriate product information. 

Fig. 4.	 (Color online) Barcode detection program

Fig. 5.	 (Color online) Procedure for the system to get the testing specification for this product.

Fig. 6.	 (Color online) Query for the testing specification using the barcode.
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	 Figure 7 illustrates the process for correctly obtaining the testing specification. Unexpected 
situations, such as packet loss or the MES system failing to locate the data, are inevitable during 
the communication process. Therefore, when receiving return data from the MES, we must first 
verify its accuracy and ensure that subsequent program execution is error-free. The program will 
proceed only if the return value from MES matches the planned return value; otherwise, it will 
terminate. This will avoid program errors caused by communication problems. Program lines 
1624−1628 are used to check for a return value. If the return value is null, the system program 
displays an error message and the API function exits. Lines 1630−1631 use the JsonConvert.
DeserializeObject < T> package to deserialize JSON objects. The serialized format is defined by 
the class within < >, then populated into the corresponding variables. Lines 1632−1646 check 
whether each variable has a value. If no value is provided, an error message will be displayed, 
along with the corresponding action.

3.4	 Obtain the full set of test specifications from the database system

	 In the previous step, we obtained only the test specification name, which is insufficient to 
generate test data that the instrument can process directly. After receiving the specification 
name, it is necessary to retrieve its detailed content from the database before converting it into a 
specific instrument command for actual testing. Before executing the process, the program will 
first retrieve the latest version number and then use it to query the complete test specification. 
Figure 8 shows the test specification data query program. Lines 499 to 525 are responsible for 
querying the latest version of the test specification. Structured query language (SQL) commands 
are used to sort by edit date as well as to obtain the newest test version number, and then the 

Fig. 7.	 (Color online) Obtaining the return serialization format from MES.
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query results are stored in the variable ‘result’. If no data is found, the query function will 
terminate. Next, lines 528 to 535 execute another SQL query using the previously obtained test 
version number to retrieve the complete test content and populate the SPEC_SQLData object for 
subsequent use. When the query is completed, the program creates a table to store the testing 
specification contents, as shown in Fig. 9. The table fields are described in Table 1. Items 1 and 2 
constitute the primary key of the entire specification. Its function is similar to that of an ID 
number, providing a unique identifier for each specification. Items 3 to 13 are the relevant 
parameter values ​​for each test item. Engineers will fill in these parameters in accordance with 
the test specifications and upload them to the database. This design ensures that the test 
specifications across all test stations are consistent, thereby improving data management 
accuracy and operational efficiency.

3.5	 Convert the test specification and write the command into the instrument

	 Even after obtaining the testing specification, it cannot be entered directly into the 
instrument. The specification content must be converted into instruction sets before it can be 
written into the instrument. If it is a test program for a specific instrument model, the 
instructions are already hard-coded in the instrument. You only need to enter or write the 
parameters directly into the instrument. However, to make this program usable across different 
instrument platforms, the instrument commands are stored in a database. The commands for 

Fig. 8.	 (Color online) Query for the latest version number and content of the test specification.
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other models are selected in accordance with the instrument settings. After finding the 
corresponding command in the database, the parameters are entered into the command and then 
written into the instrument. Before the test begins, the user must set the instrument brand and 
model on the test platform, as shown in Fig. 10. Figure 11 illustrates the partial program for 
querying the instrument’s test command. Note that lines 697 to 703 incorporate the instrument’s 
brand, model, mode, and item information into the SQL query statement and use this information 
as a condition to retrieve the corresponding instrument instructions from the database. Next, 
Fig. 12 illustrates the partial program for writing each command into the instrument. Figure 13 
shows the final results after all testing commands have been written into the instrument. 

3.6	 Complete the testing procedure in accordance with the trigger 

	 When all instructions are written into the instrument, the program will be ready to start 
testing. However, before testing, the program first checks whether the positioning point is 
closed, as shown in Fig. 14. Testing can begin only when the positioning point is closed. This 
procedure is essential to ensure that the product has reached the positioning point before the test 
starts. This may protect operators from safety risks such as electric shock. Additionally, this 
prevents the instrument from producing erroneous test results, thereby affecting the accuracy of 
product quality judgments. After completing the above steps, the program, as shown in Fig. 15, 

Fig. 9.	 Complete content of test specification.

Table 1
Description of each field in Fig. 8.
Item Field name Description

  1 D&C Specific number and version 
(Primary key)

  2 STEP Test steps (Primary key)
  3 MODE Test mode
  4 OUTPUT Test voltage
  5 Frequency Frequency
  6 MINI_MEASURE Minimum measurement value
  7 MAX_MEASURE Maximum measured value
  8 ARC_A Test arc current
  9 ARC_FILTER Arc current bandwidth
10 RISE_TIME Voltage rise time
11 TEST_TIME Testing time
12 CHANNEL Test channel
13 PA_TIME Standing time
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Fig. 10.	 Setting up the testing instrument.

Fig. 11.	 (Color online) Program for querying the instrument command.

Fig. 12.	 (Color online) Partial program for writing each command into the instrument.

Fig. 14.	 (Color online) Positioning checkpoint status 
indication: (a) testing product is not in position and (b) 
testing product is in position.

Fig. 13.	 (Color online) Final testing setting in the 
instrument.
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will send a start-test command, and the instrument will begin testing. Line 1649 sends the start-
test command; lines 1651–1654 calculate the test time; and lines 1656–1657 are instructions to 
start the monitoring thread and wait for the instrument to return the test results. After the test is 
complete, the program, as shown in Fig. 16, will upload the current test results to the database 
for easy access. In addition, Line 1124 will write the test results into a local text file if the 
database connection fails. The position-check mechanism is used solely to determine whether 
the testing process should begin. False triggering should therefore be prevented at the hardware 
level of the position-check system to prevent unintended activation.

4.	 Experimental Results

	 Figure 17 shows the practical architecture of the proposed UHPTS for AC/DC power supplies 
in automated manufacturing environments. Experimental testing will be carried out as follows.

4.1	 UHPTS and Chroma 19032

	 Figure 18 illustrates the instrument settings, including the communication port and remote 
digital input and output devices. It is worth noting that the settings are based on the selected 
method, which can reduce input errors. Once all previous steps are complete, the program will 
begin testing by scanning the barcode. No human intervention is required during the process, as 
shown in Fig. 19. After the test is completed, the current test results and measurement values ​​
will be displayed on the HMI. Figure 20 shows the actual test process. The total test time is 12 s, 
and the test result is PASS. Figure 21 shows that the instrument’s test results are consistent with 
those displayed by the HMI. 

4.2	 Experimental results and discussion 

	 Table 2 shows the results of the original and the UHPTS. Note that the testing specifications 
have been changed 10 times. The data clearly shows that after using the UHPTS, the time 
required for operators to change specifications was significantly reduced, demonstrating the 

Fig. 15.	 (Color online) Send the start test command.
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Fig. 16.	 (Color online) Upload test data to the database.

Fig. 17.	 (Color online) Practical architecture of the UHPTS.

Fig. 18.	 (Color online) Instruments and communication settings in the UHPTS.

Fig. 19.	 (Color online) Screenshot of the UHPTS data during testing.
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Table 2
Time required to change the specification in Chroma 19032. 
Item Original testing system (s) UHPTS (s) Instruction number (No.)
  1 15 2 21
  2 11 2 21
  3 13 1 10
  4 8 2 17
  5 9 2 17
  6 11 2 21
  7 17 1 10
  8 12 1 10
  9 18 1 10
10 13 3 32

Fig. 20.	 (Color online) Final result output by the UHPTS.

Fig. 21.	 (Color online) Test results in the instrument.
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substantial benefits of this system in improving work efficiency. Since the traditional method 
requires manual specification replacement, the actual time required can vary significantly 
depending on factors such as the order of menu items and the operator’s familiarity with the 
system. For example, in Table 2, the specification for the 4th test is listed earlier in the menu, 
allowing the operator to locate and load it quickly. In contrast, the specification for the 9th test is 
located in the middle of the menu, requiring the operator to browse through the options several 
times before finding the corresponding specification, thereby prolonging the operation time. 
Additionally, external factors such as fatigue and screen reflection may lead to the incorrect 
specification being selected.

5.	 Conclusions

	 We proposed a UHPTS for AC/DC power supplies in an automated manufacturing 
environment that supports multiple instrument brands. The use of traditional automated test 
software is typically limited to instruments of a specific brand or model. Once the instrument is 
damaged or discontinued, the software becomes ineffective, rendering the entire test system 
inoperable. However, the proposed universal architecture enables the control of instruments 
from different brands through a single software. Even if the equipment is replaced, there is no 
need to redevelop the test program, maintaining high scalability and sustainability. The proposed 
system, based on the database as its core, builds an instruction correspondence and management 
mechanism. It automatically queries the corresponding communication instruction template in 
accordance with the instrument brand. It dynamically fills in the required test parameters and 
sends them to the instrument, enabling cross-brand and cross-model instrument control. 
	 Additionally, this system can be integrated with the MES, enabling relevant personnel to 
track the production progress and test status in real time. When an abnormality occurs during 
production, the system can provide immediate feedback, thereby helping to identify and resolve 
the problem. In the future, the MES system will also be able to query the historical records of the 
machine, including key data such as machine utilization rate, test yield rate of each site, and 
average test time, which will serve as an essential basis for optimizing the test process and 
improving production line efficiency. The research method proposed in this paper significantly 
enhances the system’s flexibility and scalability. In the future, new instruments can be quickly 
integrated by simply updating the database. There is no need to modify the original code unless 
test results are affected, thereby significantly reducing maintenance costs and enhancing the 
application’s practical value.
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