
World	Scientific	Research	Journal	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Volume	11	Issue	7,	2025	

ISSN:	2472‐3703	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DOI:	10.6911/WSRJ.202507_11(7).0010	

80 

Machine	Vision	in	Flexible	Cutting	of	Irregular	Leather	
Workpieces	

Chuanzheng Xie1, Xinfeng Chen1, *, Jian Yang2 
1School of Rui'an, Wenzhou Polytechnic, Wenzhou, China 

2Wenzhou Technician College, Wenzhou, China 
* Corresponding author: 84987697@qq.com 

Abstract	
With	 the	 increasing	 demand	 for	 high‐quality	 and	 customized	 leather	 products	 in	
industries	 such	 as	 automotive,	 fashion,	 and	 furniture,	 traditional	 manual	 cutting	
methods	struggle	to	meet	precision	and	efficiency	requirements.	This	paper	proposes	a	
machine	 vision‐based	 flexible	 cutting	 system	 for	 irregular	 leather	 workpieces,	
integrating	 image	 processing,	 contour	 recognition,	 and	 path	 planning	 to	 optimize	
material	 utilization	 and	 cutting	 accuracy.	 A	 multi‐stage	 algorithm	 combining	 edge	
detection,	adaptive	thresholding,	and	deep	learning‐based	defect	detection	is	employed	
to	 enhance	 cutting	 precision.	 Experimental	 results	 demonstrate	 that	 the	 proposed	
system	achieves	a	cutting	accuracy	of	 ±0.3	mm	and	reduces	material	waste	by	15%	
compared	 to	 conventional	 methods.	 The	 system's	 adaptability	 to	 varying	 leather	
textures	 and	 defects	 makes	 it	 suitable	 for	 industrial	 applications	 requiring	 high	
flexibility	and	automation.	
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1. INTRODUCTION	

Leather, a material that is highly prized for its luxurious appeal, is extensively utilized in the 
creation of high-end products, the interiors of automobiles, and various types of upholstery. Its 
enduring popularity stems from its durability, aesthetic appeal, and tactile qualities. However, 
the inherent irregularities found in leather[1], such as scars, wrinkles, and variations in 
thickness, present significant obstacles when it comes to the automated cutting process. These 
natural imperfections can lead to inefficiencies and increased waste during production. 

Traditionally, computer numerical control (CNC)-based cutting systems have been the go-to 
technology for precision cutting in various industries. These systems operate based on pre-
programmed cutting paths, which are designed to follow specific, predictable patterns. However, 
when it comes to the cutting of irregularly shaped leather pieces or avoiding areas with defects, 
these traditional CNC systems fall short. Their rigid programming makes it challenging to adapt 
to the unpredictable nature of leather, resulting in suboptimal cutting efficiency and increased 
material waste. 

To address these challenges, the integration of machine vision technology offers a promising 
solution. Machine vision systems are capable of real-time detection and analysis of the leather's 
surface, enabling the extraction of contours and the generation of adaptive cutting paths that 
can navigate around defects and irregularities[2]. This advanced technology allows for a more 
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dynamic and responsive approach to cutting, which can greatly enhance the accuracy and 
efficiency of the process. 

This paper introduces a vision-guided flexible cutting system that has been specifically 
designed to improve cutting accuracy and minimize waste when working with leather. The 
system leverages the power of machine vision to adapt to the unique characteristics of each 
leather piece[3], ensuring that the final cut is both precise and optimal in terms of material 
usage. 

The key contributions of this innovative system include: 
1.1 The development of a hybrid image processing algorithm that is specifically tailored for 

the detection of defects in leather. This algorithm combines various image analysis techniques 
to identify and classify different types of imperfections, such as scars, scratches, and variations 
in color and texture. By accurately detecting these defects, the system can make informed 
decisions about the cutting path to ensure that only the highest quality material is used. 

1.2 The implementation of an optimized path planning strategy that is capable of handling 
irregular shapes with ease. This strategy involves the generation of cutting paths that adapt in 
real-time to the contours of the leather, ensuring that the cutting tool follows the most efficient 
route while avoiding any defects. The path planning algorithm takes into account the need for 
minimal waste and optimal material usage, resulting in significant cost savings for 
manufacturers. 

1.3 Thorough experimental validation of the system's performance in real-world industrial 
settings. This validation process involved extensive testing of the vision-guided flexible cutting 
system across various types of leather and cutting scenarios. The results demonstrated a 
substantial improvement in cutting accuracy and a significant reduction in material waste when 
compared to traditional CNC-based systems[4]. These findings were further supported by 
feedback from industry professionals who reported increased productivity and enhanced 
product quality. 

In conclusion, the vision-guided flexible cutting system represents a significant advancement 
in the processing of leather for luxury goods[5], automotive interiors, and upholstery. By 
harnessing the capabilities of machine vision technology, this system overcomes the limitations 
of traditional CNC-based cutting methods, offering a more efficient, accurate, and sustainable 
solution for the leather industry[6]. 

2. RELATED	WORK	

Previous studies have explored machine vision in leather processing: 
Defect Detection: Traditional methods (e.g., Sobel, Canny edge detection) struggle with 

complex textures. Recent approaches use convolutional neural networks (CNNs) for higher 
accuracy (Zhang et al., 2021). 

Contour Extraction: Active contour models (e.g., Snake algorithm) and region-based 
segmentation (e.g., watershed) help identify leather boundaries (Li et al., 2020). 

Path Planning: Genetic algorithms (GAs) and ant colony optimization (ACO) improve cutting 
efficiency (Wang et al., 2019). 

However, most existing systems lack adaptability for highly irregular workpieces. Our work 
integrates these techniques into a unified framework. 

3. METHODOLOGY	

3.1. System	Architecture	

The proposed system consists of four modules: 
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1. Image Acquisition Module: 
Cameras: Two 12MP Basler ace cameras with polarized lighting to reduce glare. 
Lighting: Diffused LED arrays (6000K color temperature) for uniform illumination. 
2. Processing Module: 
   GPU: NVIDIA Jetson AGX Xavier for real-time inference (YOLOv5). 
   Software: OpenCV 4.5 for image processing, ROS for robotic arm communication. 
3. Cutting Execution Module: 
   Equipment: UR10 robotic arm with a vacuum-based leather gripper and rotary blade 

cutter. 
4. Feedback Loop: 
   Force sensors detect cutting resistance, adjusting speed dynamically. 
System Workflow: 
[Image Acquisition] → [Preprocessing] → [Defect Detection] → [Contour Extraction] → [Path 

Planning] → [Cutting] 

3.2. Algorithm	Details	

3.2.1 Defect Detection (YOLOv5 Implementation) 
python 
Load pre-trained YOLOv5s model 
model = torch.hub.load('ultralytics/yolov5', 'yolov5s', pretrained=True) 
model.classes = [0]  0: defect class 
Inference 
results = model(leather_image) 
defects = results.pandas().xyxy[0]  Extract defect coordinates 
Mark exclusion zones 
for _, defect in defects.iterrows(): 
    cv2.rectangle(leather_mask, (defect.xmin, defect.ymin), (defect.xmax, defect.ymax), 0, -

1) 
3.2.2 Adaptive Path Planning (Modified A Algorithm) 
Key Features: 
Defect zones treated as obstacles (infinite cost) 
Multi-objective optimization for path length and cutting direction 
python 
def a_star_modified(grid_map, start, end): 
    open_set = PriorityQueue() 
    open_set.put(start, heuristic(start, end)) 
    while not open_set.empty(): 
        current = open_set.get() 
        if current == end: 
            return reconstruct_path(came_from, end) 
        for neighbor in get_neighbors(current): 
            if grid_map[neighbor] == OBSTACLE:  Defect zone 
                continue 
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            tentative_g = g_score[current] + distance(current, neighbor) 
            if tentative_g < g_score[neighbor]: 
                came_from[neighbor] = current 
                g_score[neighbor] = tentative_g 
                f_score = g_score[neighbor] + heuristic(neighbor, end) 
                open_set.put(neighbor, f_score) 

4. EXPERIMENTAL	RESULTS	

4.1. Performance	Benchmarking	

Table	1.	Defect Detection Algorithm Comparison 
Method  Precision Recall  F1-Score Inference Time (ms) 

YOLOv5 (Ours) 96.2%   94.8% 95.5%  15.2  
     

Faster R-CNN 92.1%  89.3% 90.7% 42.6 
U-Net Segmentation  88.5%  91.0%  89.7% 63.4 
 

Table	2.	Cutting Performance Metrics 
Metric Proposed System Manual Cutting Traditional CNC 

Average Accuracy ±0.28 mm ±1.5 mm ±0.8 mm 
Time per Workpiece 45 sec 120 sec 60 sec 
Material Utilization 88% 75% 82% 

4.2. Industrial	Case	Study	

Application: Automotive Seat Covers 
Challenge: Complex curves with <1mm tolerance for defect-free zones 
Solution: 
  Real-time defect mapping reduced scrap rate by 22% 
  Dynamic path planning improved throughput by 30% 
Visual Results: 
Figure 3(a): Defect detection heatmap (red = high-risk zones) 
Figure 3(b): Optimized cutting path vs. traditional nesting 

5. DISCUSSION	

5.1. Technical	Advantages	

Precision: ±0.3mm accuracy meets luxury goods standards 
Flexibility: Handles natural material variations effectively 
Sustainability: 15-20% material waste reduction 

5.2. Limitations	

Lighting Sensitivity: Requires controlled illumination conditions 
Real-Time Processing: Current 200ms latency limits high-speed lines 
3D Limitations: Cannot measure thickness variations (future work) 
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6. CONCLUSION	
Machine Vision Solution for Irregular Leather Cutting: Performance and Future Directions   
This study proposes an end-to-end machine vision system designed to automate the cutting 

of irregular leather shapes with unprecedented precision and efficiency. By integrating 
advanced computer vision algorithms with real-time adaptive control, our solution addresses 
critical challenges in the leather manufacturing industry, where manual processes and 
conventional CNC systems often lead to material waste and inconsistent quality. 

Key Advancements 

6.1. Superior	Cutting	Accuracy	

Achieves a positioning tolerance of ±0.3mm (3× improvement over traditional CNC methods). 
Utilizes a hybrid approach combining subpixel edge detection and deformable template 

matching to compensate for leather stretch and variability. 

6.2. Operational	Efficiency	

Reduces processing time by 40% compared to manual cutting through dynamic path 
optimization. 

Parallel processing of vision (2D/3D scan) and cutting operations minimizes idle time. 

6.3. Material	Utilization	 	 	

15% reduction in waste via AI-driven nesting algorithms that account for: 
Natural leather contours and defects. 
Multi-layer cutting constraints (e.g., thickness gradients). 
Future Work 
To further bridge the gap between research and industrial deployment, we identify three 

critical extensions: 
1. 3D Thickness Measurement Integration 
Incorporate time-of-flight (ToF) sensors or structured light imaging to optimize cuts for non-

uniform thickness, a current limitation of 2D vision systems. 
2. Edge AI for Real-Time Processing   
Deploy lightweight YOLOv6 or NanoEdge AI models on embedded devices (e.g., NVIDIA 

Jetson) to achieve <100ms latency for defect detection and cutting adjustments. 
3. Expanded Defect Database 
Collaborate with tanneries to compile a 10,000+ image dataset of rare defects (e.g., scars, 

insect bites) to improve model generalization across global leather variants. 
Industrial Impact 

This system’s scalability—demonstrated in pilot tests with automotive upholstery and luxury 
goods suppliers — positions it as a viable solution for Industry 4.0 adoption in leather-
dependent sectors. Future validation will focus on energy consumption metrics and integration 
with ERP/MES platforms for full traceability. 
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