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Techniquesfor analyzing paper properties by applying image processing to light transmission image
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Abstract

The pattern matching technique is applied to light transmission images to analyze paper
properties and its versatility is demonstrated. A prototype system developed for obtaining light
transmission images consists of a CCD camera, diffuse illumination from the backside of a specimen
and software. In pattern matching, one of the two images to be compared is divided into small
rectangular blocks. The other image is searched for a block with a similar pattern to one of the blocks
of the first image taken as a template block while the block frame is moved pixel for pixel. The
similarity is judged based on the inner product of the two block images as a vector. Tenfold
interpolation with the high-resolution bi-cubic spline interpolation function is successfully applied to
estimate the deformation distribution with tenfold precison. In-plane distribution of tensile
deformation is measured well even for paper with good formation. This technique is applied to
in-plane distribution of restraint drying shrinkage of wetted copy paper. When a paper specimen is set
and constrained vertically, every block around the center of the specimen totally shifted upward. It is
because water moves downward by gravitationa force, resulting in that the top part that dries and
shrinks earlier draws the fiber network mostly from the flexible wet part immediately below.
Thermography proves the water movement as a portion of low temperature due to absorption of

evaporation heat remains to the last moment around the bottom part. On the contrary, when set
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horizontally, the specimen does not exhibit any total shift in the restraint direction, but shows
shrinkage only in CD as well as dbserved with the specimen set vertically. For free drying of the copy
paper, a flatbed image scanner was used to acquire images. The shrinkage tends to occur in a

complicated manner, distorted by mixture of CD and MD shrinkages.

Keywords: drying shrinkage, Image correlation method, in-plane deformation, pattern matching,
template matching, thermography
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(A) Before tensile deformation (B) Under tension

Fig.1 Schematic diagram of pattern matching. Image B is searched for the most similar image block
to the target one in image A by scanning pixel for pixel.



. 56(11):1646-1652(2002) *

Without interpolation With interpolation

Fig.2 Improvement in resolution by interpolation function.
Tenfold interpolation makes a tenfold senstivity of
direction and distance of displacement
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Fig.3 Experimental system for measuring distribution of tensile deformation of paper
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Fig.4 Vertica (left) and horizontal (right) paper specimen settings to obtain light
transmission images for distribution of in-plane deformation during drying
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0 s retention time 120 s retention time

Fig.5 Light transmission image of handsheets with different retention time
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Fig.6 Distribution of tensile deformation of paper with different levels of formation
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Fig.7 Didtribution of in-plane deformation compared between interpolation and

non-interpolation analyses
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Fig.8 Didribution of in-plane deformation of recycled PPC paper during restraint drying.
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Fig.9 Thermographs of PPC paper in vertica
placement during restraint drying.
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Fig.10 Digtribution of in-plane deformation of
recycled PPC paper during free drying.
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