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Two-dimensional Letter Block Indexing Method
to Enhance a Book without Markers

AKIHIRO MIYATA," HISAKO SHIOHARA' and KO FUJIMURAT

We present a text indexing method which takes into account not only the reading direction but
also the direction perpendicular to the reading direction. By utilizing this method, we develop
a prototype system called “BookEnhancer” which enables users to create hyperlinks in a book
without markers. Existing approaches utilized markers to detect hyperlinks in a book, but users
were required to print markers on books. On the other hand, markers become unnecessary by
a search index of book pages and partial images of books, i.e., the system can detect positions
using text extracted from images via OCR (Optical Character Recognition) technology and pro-
vide users with position associated digital contents. A long sequence of letters is required to be
extracted from images in order to identify the exact position from enormous amounts of book
data. However, considering that the average OCR error rate is 35 percent in our experiment, it
is highly possible that a long sequence of letters contains misrecognized letters and identification
fails. In contrast, our indexing method can extract position specific patterns using fewer letters
that can identify the exact position under a situation where the partial image is small and ex-
tracted text contains misrecognized letters. The experiment result proves that our method can
identify the exact document from 73,231 documents with high accuracies of 99 percent and 92
percent under a situation where error rate is 0 percent and 33 percent, respectively.
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Fig. 10 The sample of articles used in the experiment
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Fig.11 The determination procedure of search results
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Table 3 The position databases of proposal methods
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Table 4 The position databases of baseline methods
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Table 5 The summary of position databases

RKEFED KEFED B/ A

HE(A) 1=—7% (B)
hiv2 35,035,268 1,880,381 5.4 %
hiv3 32,206,469 19,086,414 59.3 %
h2v2 34,194,093 12,125,120 35.5 %
h2v3 31,435,026 27,660,250 88.0 %
h3v2 33,351,102 21,791,629 65.3 %
h3v3 30,661,822 29,074,866 94.8 %
h4v?2 32,506,325 26,551,155 81.7 %
2-gram | 36,949,353 484,677 1.3 %
3-gram | 35,967,104 3,793,041 10.5 %
4-gram | 34,986,767 10,102,853 28.9 %
5-gram | 34,008,163 16,457,158 48.4 %
iEE 24,474,035 125,733 0.5 %
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Table 6 The evaluation result
JARE | REFE SRS
hlv2 hlv3 h2v2 h2v3 h3v2 h3v3 hdv2 2-gram  3-gram  4-gram  5-gram Gk
0.0 % 0.989 0.988 0.990 0.989 0.987 0.989 0.989 0.984 0.980 0.982 0.986 0.838
2.8 % 0.989 0.988 0.990 0.988 0.987 0.988 0.989 0.984 0.980 0.981 0.985 0.800
5.6 % 0.989 0.989 0.990 0.990 0.987 0.989 0.987 0.982 0.978 0.980 0.980 0.745
8.3 % 0.990 0.987 0.990 0.988 0.988 0.989 0.986 0.984 0.979 0.981 0.970 0.643
11.1 % 0.990 0.989 0.988 0.990 0.986 0.985 0.988 0.980 0.980 0.980 0.979 0.497
13.9 % 0.990 0.989 0.989 0.989 0.986 0.987 0.984 0.984 0.980 0.978 0.960 0.277
16.7 % 0.987 0.988 0.988 0.989 0.984 0.981 0.977 0.977 0.977 0.971 0.936 0.115
19.4 % 0.985 0.989 0.987 0.985 0.986 0.980 0.965 0.975 0.976 0.957 0.873 0.038
22.2 % 0.974 0.989 0.990 0.988 0.982 0.962 0.948 0.962 0.973 0.949 0.804 0.011
25.0 % 0.930 0.988 0.985 0.981 0.974 0.943 0.914 0.950 0.962 0.906 0.733 0.004
27.8 % 0.816 0.983 0.987  0.967 0.955 0.891 0.861 0.912 0.962 0.853 0.671 0.002
30.6 % 0.603 0.942 0.967 0.902 0.906 0.822 0.792 0.820 0.932 0.764 0.510 0.002
33.3 % 0.408 0.864 0.921 0.827 0.832 0.721 0.651 0.662 0.866 0.661 0.420 0.002
36.1 % 0.209 0.656 0.825 0.716 0.716 0.600 0.566 0.472 0.760 0.573 0.341 0.003
38.9 % 0.090 0.452 0.655 0.578 0.569 0.478 0.423 0.266 0.620 0.430 0.251 0.001
41.7 % 0.042 0.239 0.425 0.401 0.435 0.345 0.327 0.150 0.435 0.319 0.196 0.001
44.4 % 0.028 0.096 0.227 0.254 0.270 0.259 0.212 0.093 0.224 0.179 0.133 0.001
47.2 % 0.023 0.030 0.102 0.148 0.147 0.161 0.143 0.072 0.130 0.108 0.089 0.001
50.0 % 0.019 0.006 0.046 0.071 0.070 0.092 0.088 0.060 0.064 0.065 0.043 0.002
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