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Abstract 

In this Article we present brief Survey on Reconstruction of Rived Paper by means of Image processing 
approaches. Feature matching is the indispensable technique for Reconstruction by using features we match 
edges, curves and corners.        
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I.  INTRODUCTION  

Document Reconstruction is very vital and admired topic for forensic science. Manual reconstruction of a 
recovered set of ripped-up documents can be a difficult and time-consuming task. For small scale problems one 
can often use any manual “random search” strategy for quickly matching and recomposing the fragments. For 
larger scale problems the human visual system in combination with our relatively small amount of short-term 
memory, limits our reconstruction capabilities. 

More specifically, the mathematical complexity is of the order N (N−1) as N fragments will need to be 
matched to N −1 other fragments. Also, the physical space required for spreading out and examining the 
fragments can grow quickly and inhibit any efficient matching. For these reasons several researchers have 
turned towards image processing methods for automating the entire reconstruction process. [4] 
The reassembling of Rived documents is related to the traditional puzzle games like 2D pictorial cardboard 
puzzles. [2]Reconstruction of images is particularly difficult in the context of natural scene images where 
difficulties in getting proper image statistics in presence of clutter and 3-D transformations make the task very 
challenging. Forensic image-processing generally deals with low level image processing application as for 
example image enhancement, image de-noising, and infra-red image analysis. However, reconstruction of 
documents from Rived images so far has hardly received attention from the community. This paper focuses on 
little explored field with an aim to provide with a generic Techniques for document reconstruction and thereby 
improving the speed and accuracy of the forensic reconstruction of Torn documents[3]. The problem of 
computer-aided reconstruction of the original documents from its hand-Rived parts is considerably different 
from the referred jigsaw problem in several practical aspects. A paper, when rived, creates uneven edges 
bearing undesired shears containing tiny paper fibres, which gives rise to ill-defined physical contours. Further, 
due to limitations in the imaging mechanism, A Rived piece, after being scanned, may contain digital 
imperfections and unpredictable rigid transformations. As a result, there will be some non-ideal conditions 
which would be considered in the reconstruction procedure. Documents may be torn by hands, or chopped by a 
mechanical shredder. The reconstruction of a torn or shredded document is a puzzling, complex and painstaking 
task to be performed by a human operator, and often becomes intractable even for a small number of 
fragmented pages[5]. Solving puzzles has been a popular pastime for ages and several researchers have recently 
looked into solving puzzles automatically by a computer. However, the problem is hard to solve for machines as 
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compared to the relative ease with which humans can solve even very large puzzles. The computer typically 
does not have the same certainty of the correctness when matching a pair of puzzle pieces, but rather a 
likelihood for the correctness [6].Hence some different between Jigsaw puzzle and Reconstruction of Rived 
Paper. 
(a) A hand-Rived piece of paper may have arbitrary shape and as many edges as possible; depending on how 

many times the corresponding document has been Rived apart. How-ever, each Rived piece is supposed to 
contain some sudden discontinuities (corners) in the overall contour direction. 
(b) A particular Rived piece may or may not contain a straight edge (i.e. original machined edge). Further, for a 
given collection of Rived pieces, it may happen that there is not even a single piece having straight edge(s). 
(c) There may occur some shear while tearing off a piece of paper. The shear will occur due to twisting and 
skewing of the grip, and resultant tearing will proceed along the surface as well as the thickness of the paper. 
The Rived apart counterparts, therefore, will have a partial overlap along their matching edges. 
(d) No a priori knowledge about the content of the document is available. 
(e) The corners for a Rived piece may be topologically different from those of its counterparts, depending on 
the nature of hand movements and the behaviour of the corner detection Process. 
(f) There can be small gaps between the images of correctly matching pieces. 
(g) There will be unpredictable rigid transformation (translation and rotation) of scanned images of the Rived 
Pieces during image acquisition. 
(h) Since no a priori information is there, for each Rived piece, the corresponding scanned image can be of any 
one of its two surfaces [6].   
Given a digitized document as an image format, a large umber 
of computational algorithms have been proposed to deal with the restoration of image degradation in the past 
few decades. The sources of degradation are commonly modelled by image acquisition noise data transmission 
noise (e.g., interference between different channels), or a natural aging process of the image. In all cases, the 
spatial relationship between pixels in an image is assumed to be available, and most of the existing techniques 
are focused on the recovery of the photometric 
aspect of the original image [2].  

 

II. REVIEW TECHNIQUES 
In this section we will see Image Processing approaches for Reconstruction of Rived Document. 

A. Curve Matching and Relaxation process 

• Image acquisition: In this scheme image acquisition done by scanner. Before scanning, the fragments must be 
placed sufficiently separated from each other and from the border. 

• Contour extraction and representation: To segment those fragments from the background the scanned image is 
threshold in red, green, blue (RGB) space to produce a binary representation. Usually, there may be some 
artifacts resulting from the nonuniform illumination of the scanner, which can be removed using morphological 
operations. Then, a Gaussian smoothing procedure is applied to the segmented image. Contours are extracted 
from the smoothed image using the Canny edge detector, and the final single-pixel-wide contours are achieved 
by skeletonising them using Hilditch algorithm. 

• Curve matching: The curve matching process starts with L (L-1)/2 initial trials, during which any two different 
fragment contours are compared. If several matching pairs are found at a certain trial, only the best one or two 
pairs are selected as candidate matches. 

• Relaxation and merging: The relaxation process can reduce or even eliminate the ambiguity resulting from 
curve matching. In applications, the system provides two operation modes that is, automatic mode and 
semiautomatic mode, for a user to select.  

With this approach several problems are occurred like, in the relaxation process it is assumed that the 
candidate matches are well connected. More formal and analytical description of this restriction should be 
further developed. It is still an unlock trouble to handle the issues of fibers along the fragment on tours, 
especially when some fragments may only match well in three dimensions. In these cases, the procedure of 
relaxation may not be so helpful unless the curve matching process can produce enough true matches. Only 
disambiguating the candidate matches is not enough to reconstruct a seamless document [1]. 

 
B.   Feature and Page border Computation 
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• Image Acquisition and Segmentation: First, select a subset of the fragments and put them on top of a flatbed 

scanner. Next, put a uniformly coloured piece of paper or plastic on top of the fragments and a digital image 
scan is made. To segment the fragments, each of the scans is fed into a background-foreground modelling tool. 
• Feature and page border computation: For each segmented fragment a chain code is used to trace 
around its contour. These chain codes are then resample using a fixed Euclidean distance d. Next, determine the 
angles ai. An interesting technique that is often applied by human jigsaw puzzle solvers is to first look for the 
border and Corner Pieces. For document reconstruction tasks it makes sense to also try to use this method 
because most documents will only be ripped a few times resulting in all or the majority of the fragments 
containing some part of the page borders. 

   

      
 

Fig 1: Page Border Matching Possibilities [4]       
 

• Efficient Fragment Matching Strategies: First, consider matching any page border fragment with all others; i.e., 
FM(i, j) matches any fragment i = 1, . . . ,N, to all fragments j = i + 1, . . . ,N. If match is found store in 
Database. To match the non-page-border fragments use adapted “string Matching” method that eliminates all 
page border contour areas. Next, the algorithm tries to find the best matching length lm,C,C ′ and the 
corresponding  Feature matching within all feature strings C and C′ that yield a minimal set of differences. 

• Applying Digital Glue: After a candidate match has been accepted, the fragments have to be repositioned and 
merged. The merging step (i) translates one of the initial contour points onto the corresponding point of the 
other fragment, and, (ii) rotates over the angle formed in between the two contour segments used for matching. 
For the page border fragments only need to consider translation as rotation was already computed during page 
border detection and matching [4].  

 

This approach is work well on big fragments of the Rived paper but when it gets small fragments for processing 
it’s not work properly because small fragments does not contain length border to computation. 

C.  Polygonal approximation & Corner Matching   

• Pre-Processing step: Using DP Algorithm (Douglas-Peucker) first smooth every fragments of Rived Paper. This 
algorithm implements a Polyline simplification and it is used extensively for both computer graphics and 
geographic information systems. 

• Feature extraction: The first feature is the angle of each vertex with respect to its two neighbors .It means extracting the 
corners. 

• Computing the similarity between polygons: First of all, verify the complementarily between the angles of the two vertices 
being compared. Generally speaking, both angles   

must sum up 3600. Thereafter, the distances between the vertex and their neighbors are compared. If match is found then store 
and replace with the main Database. After done this step repeat until all fragments are merged. 

In this scheme It takes two steps where the former makes an approximation in order of the boundaries and 
overcome specific problems faced in document reconstruction and the latter extracts relevant features of the 
polygon and uses them to make the local reconstruction. but it does not necessary that every time two corners 
angles addition is 3600[07]. 
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III. CONCLUSION 
Above all techniques in some way need user interaction. In first relaxation process it’s avoid the overlapping or 
reduce the complexity of merging two fragments, but in three dimensions is not work proper. In corner 
matching give better result in less number of fragments but when number of fragments is increase then 
performance is decrease. In feature and page border matching techniques give the better solution for semi-
automatic system. 
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