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Abstract 

Automated mechanical inspection is an important requirement in modern manufacturing industries for 

detecting dimensional errors, surface defects, cracks, missing components, and improper assembly. 

Conventional inspection methods often depend on manual operators or PC-based image-processing systems, 

which can introduce inspection delays and inconsistent results. This work proposes an FPGA-based machine 

vision system for automated mechanical inspection, combining image acquisition, preprocessing, feature 

extraction, defect detection, and decision-making on a reconfigurable FPGA platform. A camera captures 

images of mechanical components placed in a controlled inspection area. The acquired image is converted 

into a suitable digital format and processed using FPGA-based image-processing algorithms such as 

grayscale conversion, noise filtering, thresholding, edge detection, and morphological operations. Extracted 

features are compared with predefined dimensional and quality criteria to identify defective components. The 

FPGA provides parallel processing and low-latency operation, making the proposed system suitable for real-

time industrial inspection. The system can generate a pass/fail decision and activate a sorting mechanism 

through suitable control interfaces. The proposed architecture offers improved processing speed, reduced 

dependence on external computers, and flexible hardware implementation. It can be applied to inspection of 

gears, shafts, bearings, castings, welds, electronic-mechanical assemblies, and other manufactured 

components. 

Keywords: FPGA, Machine Vision, Automated Inspection, Image Processing, Mechanical Inspection, Defect 

Detection, Edge Detection, Real-Time Processing, Industrial Automation, Quality Control. 

 

1. Introduction  

Machine vision enables automated inspection of 

industrial products using cameras, image-processing 

techniques, and intelligent decision-making. In 

mechanical manufacturing, accurate inspection is 

essential because dimensional errors, surface defects, 

cracks, and improper assembly can affect product 

quality, reliability, and safety. Traditional manual 

inspection is time-consuming, labor-intensive, and 

dependent on operator skill. Although PC-based 

machine-vision systems provide improved 

automation, they may involve higher processing 

latency and system complexity. FPGAs offer an 

efficient solution because their parallel architecture 

and pipelined processing capabilities enable high-

speed image processing with low and deterministic 

latency. The proposed system captures mechanical 

component images using a camera and transfers pixel 

data to an FPGA for real-time processing. Image 
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preprocessing, segmentation, edge detection, feature 

extraction, and defect classification are performed 

sequentially. The system generates a PASS/FAIL 

decision and can control an actuator for automatic 

sorting, improving inspection speed, accuracy, and 

consistency.  

2. Literature Review 

Previous research has established machine vision as 

an effective technology for automated quality 

inspection in manufacturing industries. Conventional 

machine-vision systems typically use industrial 

cameras connected to computers, where image-

processing algorithms are executed using software. 

These systems provide flexibility and support 

complex inspection tasks; however, their 

performance can be affected by processor speed, 

memory transfer, communication overhead, and 

software execution time. These limitations become 

significant in high-speed industrial production 

environments where real-time inspection is required. 

FPGA-based image processing has gained 

considerable attention because FPGAs provide high 

hardware parallelism and pipelined computation. 

Image-processing algorithms such as Sobel edge 

detection, Gaussian filtering, thresholding, 

morphological operations, and connected-component 

analysis can be implemented as dedicated hardware 

modules. This enables simultaneous processing of 

multiple pixels or operations, resulting in higher 

throughput and lower processing latency. FPGA-

based systems are therefore suitable for real-time 

inspection applications. Recent research has also 

investigated FPGA acceleration for object detection, 

embedded vision, and machine-learning-based 

inspection. Hardware acceleration enables 

computationally intensive operations to be 

distributed across parallel processing resources. 

FPGA-based implementations of lightweight neural 

networks can improve defect classification 

performance while maintaining real-time operation. 

However, complex deep-learning models may 

require significant FPGA resources, memory, and 

power. Based on these developments, the proposed 

work focuses on a practical FPGA-based architecture 

for automated mechanical inspection. The system 

combines conventional image-processing techniques 

with FPGA hardware acceleration to achieve a 

suitable balance between processing speed, hardware 

utilization, computational complexity, and inspection 

accuracy. The architecture can also be extended in the 

future with lightweight machine-learning models for 

detecting and classifying complex mechanical 

defects. 

3. Proposed Methodology 

The proposed methodology consists of six major 

stages: image acquisition, preprocessing, 

segmentation, feature extraction, defect detection, 

and decision/output control. Initially, a digital or 

industrial camera captures images of mechanical 

components under controlled illumination. Proper 

lighting conditions are maintained to reduce 

shadows, reflections, and unwanted variations in the 

captured images. The acquired RGB image is 

transferred to the FPGA and converted into a 

grayscale image to reduce computational complexity 

and hardware resource requirements. A suitable 

filtering technique is then applied to remove noise 

and improve image quality. During segmentation, 

thresholding separates the mechanical component 

from the background. Edge detection is subsequently 

performed to identify important boundaries and 

structural[1] features, including diameter, length, 

holes, slots, and surface irregularities. The extracted 

features are analyzed and compared with predefined 

reference dimensions and quality criteria. If the 

measured parameters fall within the specified 

tolerance limits, the component is classified as PASS. 

If any parameter[2] exceeds the acceptable limit or a 

defect is detected, the component is classified as 

FAIL. The resulting decision can be displayed on an 

output device or used to control an actuator for 

automatic rejection of defective components. For 

real-time operation, the FPGA implementation uses 

parallel processing and pipelined data paths, which 

reduce processing latency and improve throughput. 

The system can be designed using Verilog or VHDL 

and implemented on a suitable FPGA development 

board. Simulation and functional[3] verification are 

performed before hardware implementation to ensure 

reliable operation of each processing module. 

4. System Architecture 

The proposed FPGA-based machine vision system 

consists of several integrated functional modules, 

including the image acquisition unit, camera 

https://irjaeh.com/
https://doi.org/10.47392/IRJAEH.2026.0681


 

International Research Journal on Advanced Engineering Hub (IRJAEH) 

e ISSN: 2584-2137 

Vol. 04 Issue: 08 August 2026 

Page No: 5207 - 5211 

https://irjaeh.com 

https://doi.org/10.47392/IRJAEH.2026.0681        

 

    

International Research Journal on Advanced Engineering Hub (IRJAEH) 
                         

5209 

 

interface, FPGA processing unit, memory interface, 

preprocessing module, segmentation module, edge 

detection module, feature extraction module, 

decision-making unit, and output control unit. The 

system is designed to perform automated inspection 

of mechanical components in real time. A digital or 

industrial camera captures[4] images of the 

component placed within a controlled inspection 

environment. Suitable illumination is provided to 

obtain clear images with minimum shadows, 

reflections, and background noise. The camera 

interface receives the image data and transfers the 

pixel information to the FPGA for further processing. 

Inside the FPGA, the acquired image initially passes 

through the preprocessing module. RGB image data 

is converted into grayscale format to reduce 

computational complexity and hardware 

requirements. Noise filtering is then applied to 

improve image quality and remove unwanted 

disturbances. The processed image is forwarded to 

the segmentation module, where thresholding 

techniques separate the mechanical component from 

the background. This creates a suitable binary image 

for subsequent analysis. The edge detection module 

identifies the boundaries and structural features of the 

component. Techniques such as the Sobel operator 

can be implemented using FPGA-based parallel 

processing. The detected[5] edges are supplied to the 

feature extraction module, which calculates 

important inspection parameters such as object 

dimensions, diameter, length, circularity, hole 

position, shape characteristics, and surface 

irregularities. These parameters are then compared 

with predefined reference specifications and 

acceptable tolerance limits. The decision-making 

module determines whether the inspected component 

satisfies the required quality standards. If all 

parameters fall within the specified limits, the 

component is classified as PASS. If dimensional 

errors or surface defects are[6] detected, it is 

classified as FAIL. The final inspection status is sent 

to an LCD, monitor, or other display interface. For 

industrial automation, the decision signal can also be 

transmitted to a PLC, motor controller, servo motor, 

or pneumatic actuator. A sorting mechanism can 

automatically remove defective components from the 

production line. The modular FPGA architecture 

allows individual processing blocks to be optimized, 

replaced, or upgraded[7] without redesigning the 

entire system, providing flexibility, scalability, and 

efficient real-time inspection 

5. Block Diagram 

 
Figure 1 Block Diagram of The Proposed 

FPGA-Based Machine Vision System for 

Automated Mechanical Inspection 

 

The proposed FPGA-based machine vision system 

begins with an industrial camera, which captures 

high-resolution images of mechanical components 

placed in the inspection area[8]. Controlled 

illumination is used to obtain clear images and 

minimize the effects of shadows, reflections, and 

background variations. The captured image data is 

transferred through the camera interface to the FPGA 

in the form of a continuous pixel stream.Inside the 

FPGA, the acquired RGB image is first converted 
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into a grayscale image, reducing the amount of data 

and simplifying subsequent processing. A noise-

filtering stage is then applied to remove unwanted 

image disturbances and improve image quality. The 

processed image is passed to the segmentation 

module, where thresholding separates the mechanical 

component from its background. Edge detection is 

subsequently performed to identify object 

boundaries, dimensional variations, holes, slots, 

cracks, and other surface irregularities. The detected 

information is provided to the feature extraction 

module, which calculates important parameters such 

as diameter, length, area, circularity, hole position, 

shape, and surface characteristics. These extracted 

parameters are compared with predefined reference 

specifications and acceptable tolerance limits in the 

decision module. If the component satisfies all 

required specifications, it is classified as PASS; 

otherwise, it is classified as FAIL. The final result can 

be displayed on a monitor or LCD and can also 

generate a control signal for an actuator or automated 

sorting mechanism to remove defective components 

from the production line. 

6. Results And Discussion 

The proposed FPGA-based architecture is expected 

to provide faster image-processing performance 

compared with conventional sequential software 

processing because multiple pixel operations can be 

executed simultaneously. Hardware pipelining 

further improves throughput by allowing different 

processing stages, such as image acquisition, 

preprocessing, segmentation, edge detection, and 

feature extraction, to operate concurrently. This 

makes the system suitable for real-time industrial 

inspection applications. The system can detect basic 

dimensional and surface defects when suitable 

illumination, camera positioning, and image quality 

are maintained. The overall detection accuracy 

depends on image resolution, lighting conditions, 

threshold values, camera calibration, and predefined 

dimensional tolerance settings. FPGA 

implementation also provides deterministic 

processing time, which is highly beneficial for high-

speed production lines where consistent inspection 

performance is required. Resource utilization can be 

evaluated in terms of FPGA logic elements, registers, 

memory blocks, DSP resources, maximum operating 

frequency, throughput, and processing latency. The 

architecture can be optimized by reducing 

unnecessary memory access and implementing 

streaming-based pixel processing. Future 

improvements may integrate lightweight CNN-based 

defect classification to identify complex surface 

defects and improve overall inspection accuracy. As 

shown in Figure 2 Simulated Machine Vision 

Inspection Dashboard. 

7. Output Implementation Image 

 

 
Figure 2 Simulated Machine Vision 

Inspection Dashboard 

 

Conclusion 

The proposed FPGA-based machine vision system 

for automated mechanical inspection provides an 

effective solution for real-time industrial quality 

monitoring. The system integrates camera-based 

image acquisition with FPGA-accelerated image-

processing techniques, including grayscale 

conversion, noise filtering, segmentation, edge 

detection, feature extraction, and defect 

classification. FPGA-based parallel processing 

enables multiple image operations to be performed 

efficiently, reducing processing latency and 

improving inspection throughput. The system can 

identify dimensional variations, missing features, 

surface defects, and other quality issues by 

comparing extracted parameters with predefined 

reference specifications. The modular architecture 

also provides flexibility for inspecting different 

mechanical components such as gears, shafts, 

bearings, castings, and welded parts. Furthermore, 

integration with actuators and sorting mechanisms 
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enables automatic rejection of defective products. 

Overall, the proposed system offers improved 

inspection speed, consistency, and scalability 

compared with conventional manual inspection 

methods. It provides a suitable foundation for future 

smart manufacturing and Industry 4.0 applications, 

with potential integration of machine learning for 

advanced defect classification. 
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