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  Abstract 
The research and development of online fault detection system for components of 
electronic control system is helpful to realize online nondestructive testing of elec-
tronic control equipment. This paper designs an interactive online error detection 
program based on VHDL language. The new algorithm effectively improves the 
test efficiency and maintenance coverage. It has good versatility and stability in 
circuit fault analysis and has certain promotion value in the market. The purpose is 
to develop a convenient and effective online detection system for electronic control 
system, and provide a reference for improving the commercialization of solutions 
in related technical fields in China. 
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Introduction 

With the development trend of electronic information technology, computer technology and mechatronics technology 
applications, the intelligent system, information management and intelligent level of contemporary industrial equip-
ment are constantly improving. A large number of electronic equipment adjustment modules such as microcontrollers, 
operation panels, communication modules, and AD conversion components are used in mechanical equipment to 
further improve the efficiency of industrial equipment. In the United States, research in this area began in the 1970s. 
Dr. Baird from MIT replaced the analytical redundancy of the hardware, and then stabilized the closed-loop system 
through self-adjustment. Finally, the system fault information was obtained based on the output comparison of the 
observer. This idea means the emergence of online fault test system software for electronic control systems. Scientific 
research in this area in China originated in the early 1980s. For example, the Automation Department of Tsinghua 
University in Beijing has gradually carried out scientific research and exploration since 1983. After 30 years of de-
velopment trends, it has conducted in-depth and comprehensive scientific research on online fault detection technol-
ogy for electronic control systems, and obtained some new methods. Used. Suggested. But in general, most of the 
effects are still in the process of computer simulation or experiment, and there are still some successful application 
cases in daily life. The purpose of this paper is to explore and develop a universal, applicable and reliable non-
destructive testing technology and method for power supply circuits, integrate online monitoring technology and 
electronic information technology into the non-destructive testing technology of electric control system cards, and 
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high-quality disassembly, installation and maintenance. And parts. To solve the current maintenance problems of 
power supply circuits for motor control mechanical equipment of construction engineering equipment. 

1. Test System Hardware Technology Solution 

Contemporary mechanical equipment contains many electromechanical engineering control loops and components, 
and it is extremely difficult to accurately diagnose common faults. The circuit board online fault detection system 
software is committed to completing the online non-destructive testing technology of electronic components. The 
monitoring system is mainly composed of host computer software and slave computer. The host computer software 
is responsible for customer interaction and information management. The underlying electronic computer is the key 
component of the monitoring system, including the design of the single-chip microcomputer, the PLC control power 
circuit, the data signal acquisition board and the detection communication interface, etc., which are used to collect 
the data signals of the deviation motor control components and circuit boards. Embedded systems and VHDL are 
used for hardware development and software development. According to the improved detection space vector opti-
mization algorithm, the detection speed and false penetration rate are improved, and the system software has good 
human-computer interaction technology and power circuit fault detection analysis. 

The online fault detection system software is dedicated to completing high-quality online monitoring of motor 
control mechanical equipment components. Embedded systems and VHDL are used for hardware development and 
software development. According to the improved detection space vector optimization algorithm, the detection speed 
and false penetration rate are improved, and the system software has good human-computer interaction technology 
and power circuit fault detection analysis. The system software is highly practical, stable and has a wide range of 
applications. The system software of the online motor control design scheme designed in this paper consists of three 
key modules: communication area, host computer software, and slave computer. The host computer software guides 
the slave computer to issue high-level instructions to the inspected components and performs simple analysis of the 
data. The communication module consists of cables, RF connectors and adapter boards, which are responsible for 
transmitting data signals between the host computer software and the slave computer to complete the required detec-
tion of mechanical equipment. The overall structure of the mechanical equipment adopts an integrated shell structure, 
which has a fast processing speed and can be temporarily installed and moved in an emergency, which is convenient 
for emergency maintenance of large and medium-sized mechanical equipment. At the same time, the shell structure 
also improves the overall seismic resistance and impact resistance, ensuring that the electronic equipment of the 
internal structure of the detection system software will not be affected and damaged. The upper layer of the computer 
is the analysis and solution layer of the monitoring system, including industrial automation, display, touch display, 
etc. It is used for the derivation and acquisition operation calibration of the output power data signal. The sub-control 
board detection power circuit consists of 4 data action controllers, 1 computer keyboard and 1 VI detection board, 
which are responsible for the control circuit of the computer motherboard and the detection of the car dashboard 
respectively. 

2. Software Design 

The detection system software consists of the upper computer software, the lower computer and the communication 
module. The upper computer software controls the lower computer to cause detection stimulation to the device under 
test and analyzes the input and output data signal data collected by the lower computer. The communication control 
module consists of a PCI adapter board, a data power adapter and a cable to complete the communication between 
the upper computer software and the lower computer. The test data is sent to the machine under test according to the 
test equipment. The system structure adopts an integrated shell structure with high comprehensiveness, which is 
conducive to transportation and transportation under suburban standards. At the same time, the shell also has a strong 
shockproof and shockproof effect, which can reasonably protect the internal power supply circuit of the system soft-
ware from being damaged. The upper computer software consists of an industrial control computer, a display, a touch 
screen and a computer keyboard, and the key is to analyze and solve the aggregated data signals. The bottom-level 
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computer includes the control circuit of the computer motherboard, the main control board detection power circuit 
and the PCI bus circuit. The key is to test the power supply operation, export and detection of data signals, generation, 
use and collection. The computer motherboard power supply circuit includes a CPLD controller detection power 
supply circuit, including 4 data software performance test boards, 1 VI simulation detection board and 1 automotive 
relay power switch controller, which are arranged in the motherboard slot in sequence. The detection system software 
board is equipped with a switching power supply output interface and a detection data signal input and output socket, 
and the detection data is added to the detection equipment according to a special cable. 

The lower computer software unit is located at the bottom layer of the system software. The logic control of the 
CPLD, including the logic of writing and reading the test vectors to the vector memory, and the logic of obtaining 
and storing the test results, is the core of the hardware system control. The CPLD control software is developed using 
the VHDL language on the QuartusⅡ platform. This article describes the process of designing the bottom-line com-
puter program by developing the communication module program. The communication module sends the data col-
lected by the main processor and the additional processor to the upper computer according to the protocol. The com-
munication module adopts asynchronous communication mode, and the transmitted data can be specified as 10 bits. 
The lowest bit is the start bit (logic 0 low level), the highest bit is the stop bit (logic 1 high level), and the middle 8 
bits are data bits. Use an 11.059 2MHz crystal oscillator to divide the frequency by 115 to obtain a baud rate of 9600 
bits per second. The upper computer software is mainly used to complete the interaction between the test system and 
the user, and the lower computer controls the completion of the test and query of the test data. Therefore, the software 
must have good human-computer interaction and test reliability. At the same time, it is easy to maintain, especially 
to expand and update the equipment test library of various engineering equipment. The operating interface of the host 
computer software and the test software were developed on the Visual Studio platform, and the test log database was 
created through Access and linked to the software. 
A. Lower computer software development. The software development part is the development and design of the 

upper computer and the lower computer. The lower computer is connected to the industrial computer through the 
PCI circuit of the upper computer and is located at the end of the program control design. It is responsible for 
editing and preprocessing the signal and transmitting the detected components to the upper computer. In the pro-
cess of low-end computer software development, VHDL is used for basic development. Taking the communica-
tion module as an example, this module is responsible for collecting processor data and sending the information 
to the upper computer according to the transmission protocol. The specific design requirements are as follows: (1) 
The code rate is 7800 bits/second; (2) The main processor and the sub-processor cannot transmit data at the same 
time, and one processor must be kept in standby mode at all times; (3) 12-bit data is collected at the same time 
and 8-bit data is output. The communication unit of the lower computer uses the traditional asynchronous com-
munication method, and the transmission unit and data volume are determined by the personnel. For example, 8-
bit data can be modeled and transmitted. The least significant bit is set to a logic low level 0, and the most signif-
icant bit is set to a logic high level 1. The middle layer consists of 6 bits of data. A bit rate of 7800 bits per second 
is obtained by dividing 1035 by the 10.3257 MHz crystal oscillator. 

B. Upper computer software development. The upper computer software is responsible for collecting and instructing 
the exported data information of the components detected by the lower computer network to complete the human-
computer interaction technology. Only the lowest level of electronic computers can be operated to process data 
and maintain the probability of viewing data information. In order to better complete the reasonable human-com-
puter interaction technology, the Visual Studio platform is used to develop and connect to the database for detec-
tion. The advantage of this method is that subsequent software updates and function expansions are more conven-
ient, and it is also easier to link with third-party software. The top-level structure of the computer language consists 
of industrial touch screens, test subroutines, and test management methods. Database queries. The test code is 
managed by the mobile phone software operation layer. The data management system is responsible for modifying 
the data information in the mobile phone software. The test process is as follows: (1) When testing electronic 
equipment, contact the preset test tool to determine the connection between the machine equipment and the upper 
computer software, and the mobile phone software basically recognizes it. After the instruction is determined, the 
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standard test code is transmitted to the tested component, and the condition of the machine equipment is deter-
mined based on the difference between the derivation result of the comparison data information and the standard 
data information. The database query must be reassembled before detection. Generally, simple digital circuit de-
signs can be checked using text input. The more complex the power supply circuit, the higher the requirements 
for text and the more complex the instructions. When necessary, this software can be used to automatically create 
a database. The database query and optimization algorithm construction methods determine the detection rate and 
the common fault occurrence rate. At this stage, the main transformation optimization algorithms include elec-
tronic device optimization algorithms and structural optimization algorithms. Among them, the particle swarm 
optimization algorithm in the electronic device optimization algorithm generally has certain advantages and a 
higher detection rate. This paper improves the particle swarm optimization algorithm to avoid converting the 
detection into a deep local optimal solution. (2) In the VI curve detection design, according to the evaluation curve 
and standard curve of the measured component, the VI detection effect and the VI curve certified by the standard 
power supply circuit are uniformly stored. During the test, the learning curve and evaluation curve data infor-
mation of the measured component are stored in the software. The mobile phone software measures the difference 
between each measurement point. If the limit difference A is large, it can be considered a bad pixel. The power 
supply circuit usually allows a certain number of bad pixel values to be saved. If the bad pixel value exceeds the 
set range, the curve detection is unsuccessful. 

Since the ant colony algorithm is universal, it has a high test generation speed when applied to generate test vectors 
for system digital circuits. At the same time, in order to avoid the problem of the ant colony algorithm falling into the 
local optimal solution, in order to simplify the model, the path length between the connecting nodes in the circuit is 
set to 1. First, according to the partitioning method, from the input cone, the range of the number of pheromones 
obtained by each node is determined, from P to P. Insert the exhaust cone with P as the top of the cone. The number 
of failures within this range is considered to be the food obtained by the ant through this path, and then mark the 
pheromone of each P and node, and continuously update the pheromone of each node according to the update rule. 
The VI curve test compares the measured curve of each pin in the node or device with the standard curve. The VI 
curve test library generated by the learning function saves the VI curve properties of the node or device pin in the 
error-free circuit of the test library. 

3. Application Analysis 

First, the system can ensure high stability and accuracy when used for detection and analysis in the field of pure 
digital electrical control systems, such as failures in large mechanical PLC systems. Secondly, for highly integrated 
circuits, it is important to understand the component architecture and classify signals and connectivity before testing. 
Finally, the accuracy, detection efficiency and reliability of pure analog signal electronic control systems are ideal. 
When the system is used to detect pure analog signal circuits, the conditioning unit can be appropriately expanded or 
externally connected to ensure the applicability of the detection system. 

During the test, the control equipment test maintenance library is entered according to the navigation menu set by 
each component of the functional structure of the electronic control equipment. When testing the digital function test 
algorithm and execution process according to the specific device model, the software first calls the test software of 
the device under test in the library, and then adjusts the test software through software simulation according to the 
connection status of the device. Devices with special pins. Finally, the modified test program is applied to the device 
under test, and the device is judged by comparing the consistency of the tested output with the standard code. Testing 
first requires the establishment of a library. There are two common methods for building libraries: text input library 
and simulation library. Text input is usually used to build test vector libraries for small and medium-sized digital 
circuits. However, for large-scale integrated circuit testing, the script workload of building libraries is large and the 
process is complicated, so software simulation should be considered. How to choose the test vector generation strat-
egy is directly related to the error coverage and test rate. At present, the main test vector generation algorithms are 
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logical differential method, structured algorithm, and electronic algorithms such as genetic algorithm and ant colony 
algorithm. 

During the test, the system first stores the learning curve and measured curve data of the device, the number of 
pins, the standard threshold, the allowable error range of the plug-in, and calculates the learning curve and the meas-
ured curve of each measuring point, as well as the standard threshold for comparison. If the difference with the limit 
is greater than the maximum allowable range, it is considered a bad point. After comparing all the measuring points, 
the total number of bad points is obtained. If the total number is greater than the allowed number, it is inconsistent, 
and vice versa. The system has high accuracy in fault detection and analysis of pure digital circuit control systems. 
For example, in the circuit fault diagnosis of the PLC control box of the heavy machinery bridge, it is easy to diagnose 
the fault of the embedded PLC by comparing the measured vector signals. For circuits with a high degree of mixing 
of digital and analog signals and complex circuits, users need to have a deeper understanding of the object being 
tested. When selecting the order of test points, it must be accurate, the signals must be well classified, and the com-
munication must be good. The test results are slightly worse than those of pure digital control circuit boards. The 
main reason is the crosstalk between analog and digital signals and the incorrect determination of electrical frequency. 
The system needs further improvement and optimization. For pure analog signal circuits, the test results are also 
perfect. In practical applications, some outdoor HVAC units should be expanded to expand the application scope of 
the system and improve its reliability. 

4. Conclusion 

The system uses VHDL and Visual Studio service platform for software development. In addition to detection tech-
nology and data statistical analysis technology, the hardware configuration model selection and circuit principle of 
the upper computer software and the lower computer are also carried out. The connection between the upper computer 
software and the lower computer is guaranteed according to the PCI protocol. The efficient improvement of the 
detection efficiency and product quality of the electronic control system has laid a good foundation for brand promo-
tion and has certain practical significance for identification. According to CPLD technology, the detection technology, 
data acquisition, solution technology, hardware configuration and selection of the upper computer software and the 
circuit principle of the lower computer are completed. On the basis of software performance testing and VI curve 
detection function, various detection functions are completed to meet the requirements of fast and accurate detection 
of various components of the industrial equipment automatic control system. Taking full consideration of human-
computer interaction technology and detection stability, Visual Studio service platform software development is used, 
and the detection record database query related to the mobile phone software is established according to Access. PCI 
upgrade is formulated to better complete the data communication between the upper computer software and the lower 
computer. The system software developed and designed in this paper has strong practicality and extensibility, and 
can establish database queries for different types of industrial equipment. The test speed and high accuracy bring new 
process methods to the power circuit detection of industrial equipment automatic control systems. 
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