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In this paper, we proposea novel technique to extract individual book titles from

bookshelfimagesfor automating bookshelfinspection in libraries and bookstores. This technique
is composedof two steps. In the rst step, the componen, suc as book boundary and spine,
and the local slant angle are optimally estimated at ead horizontal position of a bookshelf
image, and then the individual book imagesare isolated. For accurate estimation, a nite state
automaton model is employed, ead of whose states corresponds to a componert of bookshelf
images. In the secondstep, the book title is extracted from ead book image isolated by the
rst step. A projection histogram of its edgemap is utilized for this purpose.

1 Intro duction

Inspection of booksheles for managing libraries
and bookstores is a time-consuming and tedious
task because there are enormous books in the
bookshelves and many of those books are moved
frequertly and repeatedly. Bar code systemsare
often utilized for semi-automating the bookshelf
inspection. Thosesystems,however, are still largely
basedon manual tasks.

For full-automating the bookshelfinspection, sev-
eral systems using bookshelf images have been
studied [1]{[5]. The goal of those systemsis to
extract individual book information, sud as title,
from bookshelfimages. For this goal, the following
four processesre assumedin the conventional sys-
tems; (i) detection of book boundaries, (i) segmen-
tation of individual book images,(iii) extraction of
titles, and (iv) recognition of titles.

In this paper, we proposea novel technique to ex-
tract individual book titles from bookshelfimages.
The proposedtechnique is composed of two steps.
In the rst step, book boundariesare detected from
a bookshelfimage, and individual book imagesare
isolated. The concept of this step is to optimally
estimate the componernt, such as boundary and
spine, at ead horizontal position of the bookshelf
image. For accurate estimation, a nite state au-
tomaton (FSA) model is employed, which describes
the structural properties of bookshehes. Roughly

speaking, ead state of this FSA model corresponds
to a componert of bookshelf image. Furthermore,
for coping with non-uniformly slanted books, the
local slant angle at eadh horizontal position is also
estimated optimally.

In the secondstep, the book title is extracted
from ead book image isolated from the bookshelf
image asthe result of the rst step. A vertical pro-
jection histogram of the edgemap of the book image
is utilized for this purpose.

In the corvertional bookshelfimage analysis sys-
tems, book boundariesare rstly detected by pop-
ular line detection techniques. For example, Hough
transform is employed for detecting contiguous and
straight edgesas the boundaries. Unfortunately,
their detection accuracy are sometimesinsu cien t.
This is becausebook boundaries are often missed
dueto the lack of boundary edgescausedby ill light-
ing conditions and cortiguities of books of the same
color. In addition, spurious boundaries are often
detected due to the edgesaround title characters.
In this paper, the boundary detection performance
of the proposedtechnique is comparedwith that of
the cornvertional technique using Hough transform.

Recertly, bookshelf inspection systemsusing ra-
dio frequency identi cation (RFID) tags is dewel-
oped. Those systems can be also realize full-
automatic and contact-free inspection. Incorpo-
ration of bookshelf image analysis systems into
the RFID inspection systemsis promising because
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Fig. 1: (a) A bookshelfimage. (b) The componerts
of (a). (c) An FSA represenation of (b).

bookshelf image analysis systemswill compensate
seweral drawbadks of the RFID tags, suc as inter-
ferencebetweentags, shield by metals, and narrow
scope (due to weak wave power restricted by some
law).

2 Mo del-based boundary detection

In this section, the rst step of the proposed
technique, i.e., book boundary detection (image
segmetation) algorithm is preseried.

2.1 Algorithm

The concept of this algorithm is to optimally es-
timate the componert at eac horizontal position
of a bookshelf image such as Fig. 1(a). As shown
in Fig. 1(b), bookshelf images have sewral com-
ponerts, i.e., boundary, spine, title, and bookshelf
badkground, and the order of those componerts is
naturally governedby somerules. The rules can be
represerted by an FSA model composedof 6 states

this model, the estimation problem is expressed
as a model-basedoptimization problem of the se-

state (i.e., the componert) at horizontal position i.
For coping with non-uniformly slanted books
such as Fig. 2(a), the slant angle at ead hor-
izontal position should also be estimated opti-
mally. This estimation problem can be expressed
as an optimal estimation problem of the sequence

DR

line segment at
horizontal position i

Fig. 2: (a) Non-uniformly slanted books. (b) A
sequenceof line segmetts represetting the slants of
books.

- As shown in Fig. 2(b),
pi 2 [i W;i+ W]is the horizontal position of the
top end of the line segmen which passesthrough
the certer of the ith column, where W is a pos-
itiv e integer to specify compensable slant angles.
For practical simplicity, we use p; instead of some
real-valued angle.

Those problems are formulated as the following
maximization problem,

maximize fi(si;pi); wirit:si;pi; Q)

i=1
subject to the transition rule of the FSA model and
a constraint to limit the interval between p; and

pPi 1,

8
<p 1+1 if si2f;06; 09
pi= orsi 12faickieg (2
pi 1+ f0;1;2g otherwise :
With this constraint, angle uctuation is not

allowed at ead book part. This meansthe eadh
book image hasits xed slant. On the other hand,
angle uctuation is allowedat boundariesand book-
shelf badkground parts, while its degreeis limited.

The function f;(s;;p;) is a criterion function to
evaluate the validness of s; and p; at horizontal
position i. The details of f(s;; p;) will be described
in Section2.2.

The maximization problem (1) has the Markov
property. This is becauseonly two values s; ;
and p; 1 are necessaryfor determination of s; and
pi, and the other past values (e.g., s 2 and p; 2)
are not necessary It is well known that the op-
timization problem with the Markov property can
be solved e cien tly using dynamic programming
(DP). Figure 3 showsa DP algorithm for the max-
imization problem (1). Step 7 is so-calledDP re-
cursion, and its two variables's; 1 and p; 1 are



[* Initialization: */
1 for all s12Q do
for pp:=1 Wito 1+ W do

N

3 gi(s1; p1) := fi(s1;p1)

/* DP Recursion: */
4 for i:=2to M do
5 for all si2Q do
6 for pp:=i W to i+ W do begin
7 g(siip) = fi(si;p)+ max. g i(si 1;pi 1)
8 bp(si;pi) ;= argmax g 1(Si 1;pi 1)

Si 1P 1

9 end

[* Backtracking: */
10 (sy?';pu") = argmax gu (s;p)

sp

11 for i := M downto 2 do
12 (7P pP) = bp (s )

Fig. 3: DP algorithm.

restricted by the FSA model (Fig. 1(c)) and the
constraint (2). The optimized s; and p;, denoted
as s and p”™ respectively, are obtained by the
badktracking procedure Step 10{12. Note that the
DP algorithm in the proposed technique required
about 1.6 secon a PC (Xeon 1.7GHz) for an image

of size640 100.

2.2 Design of criterion function

The criterion function f;(sj;p;) is designedbased
on the following obsenations.

Long contiguous edgeswith near-vertical direc-
tional feature are often detected around book
boundaries.

Most edges with near-horizortal directional
feature are detectedaround the title characters
and the illustrations on book parts.

Edges are rarely detected in bookshelf back-
ground parts and book spine parts.

Thus, the criterion function for the book boundary
(i.e., fi(p;pi) and fi(a;p;)) are designedto take
larger value if there are many and/or long near-
vertical edgeson the line segmen at horizontal po-
sition i. Sincelong contiguous edgesshow the book
boundary more clearly than other edges,ead edge
is given a weight according to the number of the
edgesconnectedto it. The criterion function for
the book title (i.e., fi(g;pi)) is designedto take
larger value if there are many near-horizontal edges
on the line segmem. The criterion function for the
bookshelfbackground (i.e., fi(tu; pi)) is designedto
take smaller value if there are many edgeson the
line segmemn. The criterion function for the book
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Fig. 4. The post-processingfor title extraction.
This processing is performed on a book image
isolated and slant-corrected.

spine (i.e., fi(as; pi) and f;(os; p;)) are designedto
take smaller value if there are many near-vertical
edgeson the line segmen. For suppressingthe
e ect of the illustrations, near-horizortal edgesare
disregarded.

3 Title extraction

In this section, the secondstep of the proposedtech-
nigue, i.e., title extraction algorithm is preseried.
The input of this algorithm is the individual book
image isolated and slant-corrected using the result
of the rst step. Note that the title of the book
image is already extracted by the rst step (recall
that our FSA model includesthe title state gg). Un-
fortunately, the title extraction results by the rst
step are not su cien t when the boundary detection
accuracyis emphasizedat the rst step. (Namely, it
is hard and delicate to detect both boundariesand
title parts simultaneously with su cien t accuracy)
Therefore, titles are extracted again at the second
step after the accurate boundary detection at the
rst step.

The following post-processing is performed,
which utilizes a projection histogram of near-
horizontal edgesthat are often detectedaround the
title characters. First, for slant-corrected individ-
ual book image, the vertical projection histogram
of near-horizontal edgesis calculated. Second,as
shown in Fig. 4, the tting betweenthis histogram
pro le and a rectangular model is performed. This
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Fig. 5. The numbers of false positives and false
negatives. in boundary detection experimert.

tting is basedon the minimization of the mean
squareerror. Finally, the horizontal positions cor-
responding to the high level part of the model are
extracted as a title part.

The above algorithm can be easily extended to
cope with titles composedof two or more text lines
by assumingadditional high level parts. In fact, the
extended algorithm was employed in the following
experimerts.

4 Exp erimen tal results

For the experiments to evaluate the proposedtech-
nique, 60 bookshelfimageswere prepared. Then an
edgemap was obtained by Canny edgedetector for
ead image. All the processe®f the proposedtech-
nique were performed on this edgemap. (Namely,
no color feature was usedexplicitly .)

4.1 Results of boundary detection

The boundary detection performance of the pro-
posed technique was compared with that of the
convertional technique [5] using Hough transform.
Figure 5 shaws the number of missed boundaries
(false negatives) and the number of detected spu-
rious boundaries (false positives). In the graph,
\ " shows the result of the proposed technique
(W = 50). The evaluation of the cornventional tech-
nique was conducted while changing the threshold
to nd local maximain Hough parameter space,and
therefore its result is shavn as a curve line in the
graph. Hereafter, the result shovn by \ " was con-
sideredas the result of the corventional technique.
The number of false negativesof the proposedtech-
nigue was 3:2% (= 23=727) of all book boundaries
and far lessthan 13:5% (= 98=727) of the corven-
tional technique.

Figure 6 shows seweral detection results. Book
boundaries detected are shawvn as black lines. It is

shown that the proposedtechnique can correctly de-
tect the boundariesof not only closely stood books
but also non-uniformly slanted books. Especially
in (b){(e), it is shownn that the proposedtechnique
could detect all boundaries of slanted books while
the convertional technique failed.

The proposed technique can not only detect
book boundaries but also isolate individual book
imagesfrom a bookshelfimage, whereasthe corven-
tional technique can only detect book boundaries.
Among the 610 books corntained in the 60 book-
shelf images, 549 books (90:0%) could be isolated
correctly by the proposedtechnique. Among the 61
books mis-isolated, 31 books were causedby false
negatives. The remaining 30 books were causedby
false positives.

4.2 Results of title extraction

Figure 6 alsoshows seweral title extraction results
by the secondstep of the proposedtechnique. Title
parts extracted are non-shaded. It is shovn that
the title parts of most books can be extracted ap-
propriately. In (c) and (d), it is shown that the title
parts composed of two text lines can be extracted
respectively. Through our rough obsenation, it was
shown that most of the title parts (> 90%) could
be extracted correctly.

5 Conclusion

A novel technique to extract individual book titles
from bookshelfimageswas proposedin this paper.
The proposedtechnique is composedof two steps.
In the rst step, the componen, such as boundary
and spine, and the local slant angle are optimally
estimated at eadh horizontal position of a bookshelf
image, and then the individual book imagesareiso-
lated. For accurate estimation, a nite state au-
tomaton model is employed, ead of whose states
corresponds to a componert of bookshelf images.
In the secondstep, the book title is extracted from
ead book imageisolated and slant-corrected using
the result of the rst step. A vertical projection
histogram of its near-horizortal edgesis utilized for
this purpose.

Experimertal results shoved that the proposed
technique has superior boundary detection perfor-
mance than the corventional technique. In addi-
tion, it wasalsoshown that the proposedtechnique
can appropriately extract the titles of individual
books from bookshelfimages.
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Fig. 6: Examplesof book boundary detection and title extraction. From left to right: the original images,
the results of the convertional boundary detection technique, the results of the rst step of the proposed
technique, and the results of the secondstep of the proposedtechnique. Book boundaries detected are
shown asblack lines. A spurious boundary is showvn by a red arrow. Boundaries correctly detected only
by the proposedtechnique are shown by blue arrows. In the results of the secondstep of the proposed
technique, title parts extracted are non-shaded.
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