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The “Treccani” project

• 35 volumes, published from 1929

• Digitized version from the original manuscripts

• Complex layouts with regions from different categories:

• Text

• Images

• Graphic

• Scores

• Tables

• Bordlerless tables

• Goal: a completely digitized and browsable version of the 
Encyclopedia.

• One first application: augmentation of the on-line version 
(www.treccani.it) with images from the original manuscripts.

http://www.treccani.it/


Overview

Layout analysis

OCR on text regions

Region classification

• Text

• Images

• Graphic

• Formulas

• Scores

• Tables

• Bordlerless tables

• JSON output

• Interactive annotation interface

• Visualization interface



Layout analysis

The XY-Cut algorithm works well with simple layouts, where elements are separated by vertical or horizontal white 
spaces which span on all their sides. However, it often happens that illustrations have complex shapes, or are 
surrounded by text on more than one side, thus making the application of such a simple technique insufficient.

Proposal: a three-phase layout analysis pipeline:

• XY-Cut

• Illustrations detection with covariance features

• XY-Cut refinement 

XY-Cut Detected illustrations Final result



Layout analysis – XY Cut

• An iterative top-down page segmentation algorithm

• Takes an input ROI and segments it into rectangular regions which are separated by white spaces. 

• The algorithm projects the pixels' values on the vertical and horizontal axes of the ROI, and finds low density 
regions in the projection histograms, which corresponds to white spaces.

• If a low density point is found on at least one of the projections, the ROI is split into two subregions, which are 
then further analyzed (and possibly split) in the next iteration.

XY-Cut Detected illustrations Final result



Layout analysis – Illustration detection

• Autocorrelation statistics are sufficient to distinguish between 
text and illustrations

• The original image is subdivided into square blocks of size 
32x32, and for each block the autocorrelation matrix is 
computed

• The autocorrelation matrix is encoded into a directional 
histogram, in which each bin contains the sum of the pixels 
along that direction.

• The histogram is then concatenated with the vertical and 
horizontal projections of the autocorrelation matrix, to 
enhance the repeating pattern of the text lines.

• The resulting descriptor is then classified with a two class SVM 
with RBF kernel.

• XY-Cut is applied again on a temporary image where 
illustrations are removed.



Table detection

• A simple yet effective approach to detect tables with borders.

• Built upon the Hough transform, which can detect straight lines 
in images

• Uses a voting procedure carried out in a parameter space

• The table detector finds horizontal and vertical lines and 
selects the most promising ones using some heuristics;

• Recursively, it uses the detected lines to build a set of 
rectangles merging those that have an intersection. 

• Starting from small adjacent table pieces (often separated due 
to inaccuracies of the Hough Transform), the table area is 
detected



Content classification

Goal: assign each region to a specific class.

• Text, images, charts and graphs, formulas, scores, and borderless 
tables.

• Dense SIFT are extracted using the Harris-Laplace detector.

• These are then summarized in a Bag-of-words descriptor.

• To include spatial information, we also add the position, the dimensions 
and the aspect ratio of the image bounding box.

• The final feature vector is then fed to a SVM classifier with RBF kernel.



JSON description

• The output of the overall pipeline is a structured JSON 
description.

• For each page, indeed, a JSON le is created with the 
corresponding OCR results for each text entry and with all the 
illustrations found inside the page.

• It allows textual entries to be linked together.



Experimental results

• All experiments conducted on the first volume 
(1000 pages)

• To evaluate the quality of layout analysis, we use 
the region-level metric used in ICDAR 
competitions, whereas for classification we 
employ the standard accuracy protocol.
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Comparison with Abbyy Fine-Reader
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Annotation interface

The JSON description can be visualized and 

edited in every part through an interactive

annotation interface.



Navigation interface

Homepage



Navigation interface

Single page visualization



Navigation interface

Digitized version with in-line graphic elements



Navigation interface

Automatically retrieved graphic elements



Navigation interface

Search by word



Thank you!

Questions?

lorenzo.baraldi@unimore.it, costantino.grana@unimore.it

http://imagelab.ing.unimore.it
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