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IntroductionIntroduction--TFT TFT LCDsLCDs ArrayArray

❚ LCDs are becoming increasingly important in recent 
years 

❚ Manual activity of inspection could be subjective and 
highly dependent on the experience of human 
inspectors 

❚ Most of existing methods of automatic inspection 
systems for TFT-array were based on conventional 
electrical methods
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TFT Array PlateTFT Array Plate
❚ TFT-array plate surfaces comprise horizontal and vertical   

structure

Schematic of a single unit 
of a TFT-array A surface of TFT-array plate 
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Micro Defects of TFT Array PlateMicro Defects of TFT Array Plate

❚ Micro defects of TFT-array plate-pinhole, scratch
and fingerprint

pinhole scratch fingerprint
MACRO
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IntroductionIntroduction--SVDSVD

❚ TFT-array plate surfaces comprise horizontal and vertical   
structure

❚ We propose a global approach using SVD image 
reconstruction for inspecting micro-defects on the TFT-array 
surface 

❚ SVD involves horizontal and vertical basis functions

❚ For defect inspection- set the larger singular values to zero 
and preserve the smaller singular values to reconstruct an 
image
❙ Remove the background texture
❙ Retain the defect
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Singular Value Decomposition
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Singular Value Decomposition

❚ The larger singular values represent the main information of 
the matrix. 

❚ Singular values can describe the horizontal and vertical    
structures

❚ SVD uses proper orthogonal bases to pile up the image
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SVD for Horizon/vertical 
Structured Image

Example:
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SVD for Obliquely Structured 
Image

Example:
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SVD Image ReconstructionSVD Image Reconstruction

Use SVD to decompose the image
and gain the singular values

singular values of artificial texture
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Experimental ResultsExperimental Results

❚ Detect micro-defects including pinhole, 
scratch and fingerprint on TFT-array plate 
surface

❚ The images are               pixels wide with 8-bit 
gray levels

256256×
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Experimental ResultsExperimental Results

❚ Pinhole

 

The defective image 
with pinhole 
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Experimental ResultsExperimental Results

❚ Scratch
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Experimental ResultsExperimental Results

❚ Fingerprint

 

The defective image 
with fingerprint 

Resulting binary image 
for defect segmentation
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ConclusionConclusion

❚ We have proposed a global approach using SVD for 
inspecting micro-defects on the TFT-array surface.

❚ The proposed SVD image reconstruction scheme has 
shown promising result for LCD micro-defect 
inspection including pinhole, scratch and fingerprint
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The   END

normalized plot
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SVD Image ReconstructionSVD Image Reconstruction

❚ SVD for defect detection

The restoration technique process
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SVD Image ReconstructionSVD Image Reconstruction

❚ SVD for defect detection
Simple statistical control limits process
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Normalization proceedNormalization proceed

Normalization proceed
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The Plots of FirstThe Plots of First--order Differenceorder Difference

❚ The plots of first-order difference Δσof defective 
images 
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SVD Image ReconstructionSVD Image Reconstruction

Select the proper number of singular values to
represent the repetitive orthogonal structure features

Use SVD to decompose the image X 
and gain the singular values

Set the selected singular values to zero 
and reconstruct the image

Use simple statistical process control principle to set up the 
control limits for distinguishing defects from regular regions 
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SVD Image ReconstructionSVD Image Reconstruction

Use SVD to decompose the image X 
and gain the singular values

Select the proper number of singular values to
represent the repetitive orthogonal structure features

Set the selected singular values to zero 
and reconstruct the image

singular values of artificial texture
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Use simple statistical process control principle to set up the 
control limits for distinguishing defects from regular regions 
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SVD Image ReconstructionSVD Image Reconstruction

Use SVD to decompose the image X 
and gain the singular values

Select the proper number of singular values to
represent the repetitive orthogonal structure features

Set the selected singular values to zero 
and reconstruct the image

) (remove 1σUse simple statistical process control principle to set up the 
control limits for distinguishing defects from regular regions 
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SVD Image ReconstructionSVD Image Reconstruction

Use SVD to decompose the image X 
and gain the singular values

Select the proper number of singular values to
represent the repetitive orthogonal structure features

Set the selected singular values to zero 
and reconstruct the image

Use simple statistical process control principle to set up the 
control limits for distinguishing defects from regular regions 

)1( s±µ
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Original image An image after SPC
)1( s±µ
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Macro Defects of TFT Array PlateMacro Defects of TFT Array Plate

❚ Macro defects of TFT-array plate-MURA, ZURE and 
SIMI
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