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Abstract 

The objective of this research is to develop a computer vision 

technique for online monitoring of blank geometry in sheet metal forming 

processes. An on-line machine vision system is presented. The acquisition 

system includes a camera and a diffuse illumination system. Camera and 

illumination have been mounted in the metal forming device to monitor de 

displacement of tracking elements. The acquired images are processed in 

order to assess the current position of the tracking elements. 
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1. Introduction 
 

Sheet metal forming is a widely used and costly 

manufacturing process. A limiting factor in design 

process is the necessity of producing the desired 

shape with no wrinkles in the sheet metal. As 

manufacturing industries are growing rapidly, the 

demand for precise and accurate information 

concerning parts design and formability of sheet 

metal becomes essential.  

The objective of this research is to develop a 

computer vision technique for online monitoring of 

blank geometry in sheet metal forming processes. 

Computer Vision offers consistency, accuracy 

and repeatability, in contrast to the subjectivity, 

fatigue, slowness, and cost associated with human 

inspection.  The advantages of using a machine 

vision system include a decrease in the time 

required for measurement as well as greater 

accuracy of measurements and better flexibility 

than conventional methods. Adopting this 

methodology, the user’s skill has no influence on 

the final measurement and a faster measurement 

process has been possible. An on-line machine 

vision system is presented. The acquisition system 

includes a camera and a diffuse illumination 

system. Camera and illumination have been 

mounted in the metal forming device to monitor de 

displacement of tracking elements. The acquired 

images are processed in order to asses the current 

position of the tracking elements. 

The challenge of the current research is to 

develop a powerful technique to assess the current 

position of mechanical elements with high 

precision, dealing with issues such as light 

interference and profile recognition. Image 

segmentation is one issue to be solved considering 

the light interference. 

Image segmentation has been extensively 

investigated in the past decades with the 

development of a large number of image-

segmentation methods [1, 2, 3, 4, 5]. 

The aim of image segmentation is the 

identification of partition of the image into a set of 

regions which are visually distinct. Image 

segmentation is a fundamental step in many 

computer vision applications. Generally, the choice 

of a segmentation algorithm, or parameterization of 

a given algorithm, is selected at the application 

level and is fixed for all images within that 

application. Our goal is to create a stand-alone 

method to evaluate segmentation quality. 

The simplest segmentation process is to find 

the border between regions with different 

luminosity or color. In this case, the gray level of 

an object is useful in separating it form other 

objects and from the background for the purposes 

of the analysis.  The simplest segmentation process 

consists in object/background discrimination by 

transforming the gray-level object into a black 

object and the gray-level background. The use of 

binary image is very common in many Computer 

Vision applications because of its dimensionality 
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reduction. To have a good segmentation result it is 

necessary that object and background have 

sufficient contrast level. 

Several authors study computer vision 

techniques in deep drawing processes [6], [7], [8], 

[9], [10]. 

 

2. Applying the method 
 

The sensing device is a camera mounted in the 

deep-drawing device [Fig. 1]. The camera acquires 

the scene and transfers the acquired images to a 

computer for processing, analyzing the images and 

assessing the tracking elements current position. 

With this hardware structure, as shown in Fig. 1, 

the goal of the developed technique is to asses sheet 

metal wrinkles. 

 

 
Fig. 1. Measuring system architecture 

 

The monitoring systems of metal forming 

processes presume a series of tracking elements 

whose position is continuously modified. The 

camera assesses the current position of tracking 

elements and measures the relative displacement of 

the elements. In Fig. 2 shows the scene to be 

analyzed by the camera. The software aims to 

identify tracking elements relative displacement. 

Problems arising in implementation of such a 

system are camera calibration and image 

segmentation. Camera calibration aims at detecting 

errors due to imperfections of intrinsic camera lens. 

Segmentation problem is particularly important 

because the system should have a high precision 

(Fig.5). 

 

 
Fig. 2. Scene to be identified 

 

In order to assess 2D position in image with 

high precision we need to handle two important 

preparatory phases, camera calibration and 

segmentation. 

Accurate calibration of a camera is of most 

importance in computer vision systems with high 

precision. Camera calibration is needed in various 

applications which involve measurements, such as 

stereo vision, robot navigation, inspection and 

automated assembly, robot vision. One important 

aspect of calibration is estimating the internal or 

intrinsic parameters of the camera. These 

parameters determine how the image coordinates of 

any point may be computed, given the three-

dimensional (3-D) position of the point with respect 

to the camera.  

Cameras are not perfect and show a variety of 

distortions and aberrations. For precise 

measurements, the most important issue is the 

distortion that the camera exhibits. Most cameras 

have lenses that exhibit a substantial amount of 

distortion. The camera assembly is often misaligned 

internally, and the CCD sensing array may not be 

orthogonal to the optical axis of the lens as shown 

at the bottom of Fig. 3. 

 

 
Fig. 3. Misalignment of the lens with the sensor 

array 

 

a)

b)

 
Fig. 4. Pattern use for camera calibration: 

a) exaggerated distortion produced by camera 

lens; b) compensated distortion 

 

In Fig. 4 is shown the lens error that produces 

the distortion of the image. The image shown in 

Fig. b) is the calibration pattern used for 
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calibration. The aim of calibration is the 

identification of parameters to assess correctly the 

current scene. 

The camera intrinsic parameters are: 

(1) effective focal lengths, 

(2 optical center, 

(3) distortion coefficient 

 
Tracking 

elements real 

profile

(exageration)

a)

b)

 
Fig. 5. The issue of finding the tracking elements 

profiles 

 

 

 
Fig. 6. Segmentation problem with different levels 

of gray 

 

After these procedures, it is possible to 

compute all measurements, based on the 

methodologies presented previously. The 

measurements are in pixel unity and must be 

converted to millimeters. To get the conversion 

factor, a standard object was photographed using 

the camera in different heights (Tab. 1). Observing 

these results we note that the conversion factor (λ) 
increases as the height diminishes. Seeing that λ 
expresses the amount of pixels that corresponds to 

1 mm, we realize that in order to get more accurate 

measurements, the camera must be next to the 

analyzed part.  

 

Table 1. Determined value per pixel 

Pixel Value (mm) 

Width 0.017 

Height 0.013 

 

One of the problems consists in the 

determination of the tracking elements profiles.  

 

  
Fig. 7. Steps in artificial 

vision measuring 

systems  

Fig. 8. Measuring 

algorithm 

 

 

The algorithm to measure tracking elements 

position is described in Fig. 8. 

The first step is to recognize the tracking 

element position considering its profile [Fig.5].  

The second step is the segmentation where the 

regions are separated to precisely recognize the 

border between background and the tracking 

element. 

The third step is to assess the position of the 

region previously identifying the tracking element. 

 

 

3. Conclusion 
 

The essential problem of using computer vision 

techniques consists of image quality, because image 

analysis requires that features of interest be well 

defined, either by edges, brightness or color. The 

preprocessing step is essential in this context. The 

choice of the most appropriate method to 

pre-processing and threshold the image, in its two 

main components (the object and the background), 
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must be sufficiently robust in order to generate 

images without quality loss.  

Each algorithm should be tested considering 

accuracy and repeatability. For that reason, we 

should compare the best relationship between the 

spent time in the measurement process and its 

acquired accuracy. 

This research has successfully developed a 

computer vision based technique for online 

monitoring of blank geometry in sheet metal 

forming processes integrated system in PC-based 

platform. Based on a single CMOS camera 

mounted on the deep-drawing device, the system 

can assess occurring of wrinkles in sheet metal. 

Future development will include 3D reconstruction 

of the scene in order to assess sheet metal forming 

errors. 
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Tehnică bazată pe vederea computerizată pentru monitorizarea on-line a 

geometriei semifabricatului în timpul proceselor de formare a foilor metalice 

 

—Rezumat— 
 

Scopul acestei cercetări este de a dezvolta o tehnică bazată pe vederea 

computerizată pentru a monitoriza on-line geometria semifabricatului in timpul 

proceselor de formare a foilor metalice. Este prezentat un sistem de urmărire on-line. 

Sistemul de achiziŃie include o cameră şi un sistem de iluminare cu lumină difuză. 
Camera şi sistemul de iluminare au fost montate pe dispozitivul de formare pentru a 

monitoriza deplasarea elementelor de urmărire. Imaginile achiziŃionate sunt 

procesate în scopul de a determina poziŃia curentă a elementelor de urmărire. 


