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Abstract

In this paper we propose a fully automatic hierarchical
method for identification of forms using global as well as
local features. Moments of certain orders are considered as
global shape features and are utilised to reduce the search
space by selecting a subset of forms present in the database.
The type of the candidate form is then identified within this
subset through detail analysis using local geometrical and
topological features. The candidate form is then segmented
to extract the user-filled information.

1. Introduction

Though we are approaching an era of paperless office
where every document will be electronically generated and
processed; till date machine- or hand-printed form demands
time consuming and costly processing. This is particularly
true for a populous country and commonly used forms like
tax return and application forms which are used in mil-
lions. Thus, automatic processing of forms is essential to re-
duce the time and cost involved. Moreover, storage, search-
ing, browsing, distribution and dissemination of informa-
tion provided via the paper form can be done more effi-
ciently.

In any form processing system, that handles a large va-
riety of forms, the objective is to identify the type the can-
didate form belongs to and to extract user-filled data from
that. A blank form (i.e., form without any user-filled data)
and a set of filled forms of same type may be used to de-
termine reference prototype. These reference prototypes are
stored in a prototype database and are compared with the in-
stances of a filled-in input form. Storing the reference pro-
totypes in the database and comparing them with the candi-
date form demands a suitable representation.

In this paper we propose an automatic hierarchical form
processing system which takes care of real-life constraints
to identify the type of a form in real-time and to extract the
user-filled data. Use of moments as shape features is well
studied [4]. It is also known that the projection signature re-
tains the shape information, which is conformed by the ex-

istence of image reconstruction algorithm from projection
data [12]. Here also global shape features of the form is
extracted using moments of its horizontal and vertical pro-
jection profiles. The search space for identification of the
form is sharply reduced using these global features. There-
after, detail layout structures that are already posted as a
part of reference prototypes from blank forms are matched
with that of the the user-filled form being processed. This
two-stage hierarchical approach provides a high degree of
performance without incurring much computation.

2. Past work

There are many propositions for form processing avail-
able in the literature [11, 8, 13, 14, 9, 6, 5, 2, 3]. In most
of the cases features related to lines and boxes are ex-
tracted. These features could be length, width, positions,
crossing types and counts. The problems with these ap-
proaches are that the feature vector does not reflect the hi-
erarchical layout of the forms. Another type of representa-
tion tries to utilise hierarchical structure of blocks as an X-Y
tree [2, 14, 7]. X-Y tree representation is possible only for
forms with boxes and thus has limited application area as
many forms have horizontal marker lines instead of boxes.
We discuss below the scheme adopted by one representa-
tive of each of the two different approaches.

Duygulu et al. [2] proposes an X-Y tree based hierar-
chical representation of form containing only distinct rect-
angular blocks. The proposition is very effective for the
forms which are designed to be processed in the computer
as all the fields (i.e., user data area) are distinctly enclosed
in boxes. All such algorithms [1, 2] are not applicable to the
forms which are partly or wholly void of rectangular blocks.
Moreover, two different forms with similar block hierarchy
leads to ambiguity.

Fan and Chang [3] proposed an approach for form docu-
ment identification using features based on horizontal, ver-
tical relationship matrices and crossing matrix to create pro-
totype. The approach can be theoretically be applied to
forms with boxes and horizontal markers. However, the al-
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gorithm is very much dependent upon the appropriate se-
lection of the threshold value which is not easy to set in
practice. Moreover dotted lines are not considered which is
again a restriction for real life applications. We have modi-
fied the relationship matrices proposed in [3] so as to cope
up with real life situation and extended the process further
to include segmentation after identification of the form type
as discussed in the next section.

3. Proposed work

The major problem of the form identification is high
computation cost and low performance without OCR. This
is mainly because of detail structural (and sometimes se-
mantical too) analysis required to identify the given form
with the stored prototypes. Computation naturally increases
with the number of prototypes stored in the database. Sec-
ondly, as the number of prototypes increases, their dis-
tinctiveness decreases which leads to more ambiguity and,
hence, more errors.

We propose a hierarchical method for identification of
forms which alleviates these problems to a large extent.
First, a small subset of available forms is selected from
the database in a way to guarantee the presence of the type
of the form being processed in the subset. This is done by
exploiting the moment-based global shape features. Detail
analysis is performed next with forms of this subset, us-
ing the line (vertical and horizontal) structures and cross-
ing types to identify the exact type. After identification of
the type of the form, we segment the user-filled informa-
tion from the candidate form by consulting the structure and
pre-printed data of the identified form. It may be noted that
any form has two parts: Pre-printed field names, and space
to provide user-specific information. Preprinted text, other
than the field names, may also be present as instructions to
fill in the form or as clarification to some of the fields. These
pre-printed data should be extracted and kept in the proto-
type database to help form segmentation.

3.1. Form layout: Observations

Forms are available in numerous styles. We have exam-
ined many commonly used forms including applications of
different types, railway reservation, tax return etc. and we
have made the some observations regarding the form lay-
out.

The observations have led us to classify the forms into two
primary types; F1 and F2 (see fig. 1(a) and (b)). F1 type
has only boxes to contain the characters. F2 has horizon-
tal lines as markers above which the information is filled-in.
However, in real life, forms show a mixed structural prop-
erty where a portion may be considered as F1 and the other
could be F2 (see fig. 2(a)). It may be noted that there are

some forms where no boxes or lines are present. In such
forms only the field names are printed on the left and space
for user-specific information on the right. This type of form
is not considered in this work.

3.2. The system

A form processing system capable of handling large va-
rieties of forms has two phases: (i) Generation/upgradation
prototype database, and (ii) identification and segmentation
of candidate form. Two types of features are extracted from
each form either for inclusion in the database or for iden-
tification of the type of form. These are (i) moment based
global shape features, and (ii) structural shape features.

3.3. Global shape feature

For extraction of the global shape features a set of filled
forms of each type is used. The 2nd and 4th order moments
of the vertical and horizontal projection profiles of the form
images are taken as global shape features. Shape features, in
general, should be invariant to scale, rotation, and transla-
tion. Fortunately, for form processing, scaling problem does
not arise. In practice skew is also not a significant problem.
So, we have to take care of translation problem only.

Three sub-steps of global shape feature computation are
elaborated below.

i) Selection of training samples: For a particular type of
form we take n number of user-filled instances. We have
used n = 15. It may be noted that samples have small skew
and are filled by different users.

i) Computing average horizontal and vertical projections:
For i-th type of form, at first, all the horizontal projec-
tions hg) (for k =1,...,n) are registered. We have taken

the first sample hgi) as the anchor and calculated the corre-
lation of others with respect to this as:

R-1
pie(@) = Y B () x B (r + )
=0
where R is the number of rows in the anchor image. Let

Ly = arg [mgx{l)lk(z)}]
Thus, 2}, is the amount of shift required by horizontal pro-

jection of the k-th image to be aligned with that of the first
one. Hence, average horizontal projection is obtained as

7 (i IR {C -
D (z) = - Zhg)(m + 2%)
k=1

Exactly similar procedure is followed to compute average
vertical projection 7% (y).
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iii) Computing second and fourth order central moments:

Second and fourth order moments of A (2) and 79 (y) are
computed and stored in the prototype database. Let us de-
note them by msf) (2), msf) (4), m{"(2) and m$? (4)

3.4. Structural features

Structural features are extracted from blank form of each
type using the following operations.

Step 1: Pre-processing
It consists of subtasks like, (i) noise removal and skew cor-
rection, (ii) converting all dotted lines to solid lines using
morphological closing, and (iii) extending broken lines of
the boxes to meet with the nearest line orthogonal to it.
Then all the horizontal and vertical line segments are ex-
tracted using morphological sieving. It may be noted that
there may be adjacent boxes along rows or columns or both.
As a result horizontal and vertical lines may form 9 differ-
ent types of crossings [3] as shown in figure 3.

rTaL4H 0L

Figure 3. Nine types of crossings.

Step 2: Formation of line and crossing matrices

Next step is the extraction of positions of lines and boxes
to get the layout features. The detail information on rela-
tive positions of horizontal and vertical lines are extracted
and stored in double valued horizontal and vertical relation-
ship matrices (DVHRM and DVVRM). Crossing relation-
ship matrix (CRM) is generated based on the crossing type
and position. It may be noted that this was originally pro-
posed in [3] which is modified here to make it robust to ge-
ometric transformation and noise. These matrices represent
characteristics of the form layout. Hence, these are used in
detail analysis.

The prototype database should also keep the pre-printed
text (field names etc.) information for extraction of user-
filled portions and is elaborated next.

3.5. Pre-printed text labelling

In this step pre-printed text are extracted and are stored
along with their positions. These pre-printed text, especially
the field names, along with the blank boxes or the horizontal
line markers against which the field names are printed con-
stitute what we call ‘meta-form’. These blank meta-forms
are stored in the form database.

3.6. Form identification

This is done by comparing features of candidate form
with that of prototypes already stored in the database hi-
erarchically. As pointed out earlier, moment-based global
shape features are first compared with the database to get a
small subset of forms. We select S prototypes out of N pro-
totypes stored in the database (S <« N) corresponding to
lowest values of distances defined as

1m D (5) = mp (5)]
AR, Fy) = E 6 +
1m D))+ Imp )]

j=2,4 i=2,

m(i) i) — mqy (J
mP6) = me @l
Im S G+ [mw ()]

4

Where F and F; are candidate form and the i-th proto-
type, respectively and t is acceptable tolerance in dissimi-
larity among the similar forms. This dissimilarity may be
introduced due to printing, digitization etc. If the dissimi-
larity d(F, F;) is greater than t for all i, then the candidate
F form is considered as unknown and may be included as
a new prototype. The value of t is set through rigorous sta-
tistical study of large number of similar forms of each type.
In the next step, the structural feature matrices of the can-
didate form are compared with that of the members of the
small subset already available from the first stage, to arrive
at the final decision on the form type.

3.7. Form segmentation

In this step we extract the user-filled information and put
them in the copy of the corresponding meta-form stored in
the Form database. The details of segmentation is given be-
low.

e All the boxes are examined using the raster scan direc-
tion.

e User-filled characters and words are extracted from the
boxes.

e For each horizontal line in the blank form

— Fit the largest rectangular window within the
blank space above the horizontal line, and

— get the user filled information whatsoever avail-
able within this window.

4. Results and discussion

We have trained our system for 40 different types of
forms. A couple of forms are similar in look (see fig. 1(b)
and 2(b)). For each type, one blank form and 15 filled-in
forms are used to generate the prototype. The system is
tested with 10 filled-in forms of each type i.e., 400 forms
in total which are not used in training. As stated earlier a hi-
erarchical identification is followed. At first moment based
features returns a subset of S possible types, according to the
S lowest values of dissimilarity (as defined in sub-section
3.5). Then DVHRM and DVVRM of the candidate form are
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No of forms 1st | 2nd | 3rd | 4th | 5th
400 | 287 73 | 24 9 4

Table 1. Count of ordinality number of the candi-
date form within the subset.

No of forms Ist | 2nd | 3rd | 4th | 5th
400 | 301 33| 17 6 8

Table 2. Count of ordinality number of the candi-
date form using only the local features.

compared with that of the S possible types already avail-
able from the first stage. The CRM is also compared in a
similar manner. The technique for comparison of DVHRM,
DVVRM and CRM matrices of the query form and database
forms is explained in [10]. The strength of the hierarchical
method can be verified from Table 1. The table shows the
frequency of occurrence of the ordinality number of the can-
didate form in the selected subset. Hence, it shows the pos-
sibility that the global feature (moments) used to select the
subset of forms almost always contain the type of form be-
ing processed. Out of 400 form only 3 forms or 00.25% are
not present in the subset of first 5 selected types as shown
in the table. This error is due to the forms that are filled par-
tially by the user for some reason or other. As the candi-
date form is almost surely mapped within the first 5 pos-
sible types we have taken S = 5 to reduce the amount of
computation in the next stage.

In the next stage, utilising the local features, detail anal-
ysis is done to find out the exact type of the candidate form
from the subset selected in the first stage. The performance
of this two stage hierarchical approach is very encourag-
ing as we are able to detect the exact type of 387 (i.e. 97%)
forms out of 400 input forms. After identification we have
extracted the user filled information using procedure men-
tioned earlier.

Since the detail analysis utilising the local features is
used to pinpoint the exact type, it may be argued to use this
stage only bypassing the use of global features. However,
Table 2 shows the result of the frequency of occurence of
the ordinality number of the candidate form utilising only
the local features. The problem utilising the local features
is evident from the table and we see that the local feature
method leads to more computation and more ambiguity.

5. Conclusion

We have presented a fully automatic hierarchical form
processing system. The proposed method is based on rep-

resentation of the form in terms of global as well as de-
tail structural features and it is applicable to most of the
commonly used forms. However, the proposed method will
fail to discriminate two semantically different forms hav-
ing same layout, as the algorithm does not take any kind of
help from OCR. It may also be mentioned that we did not
try to incorporate procedure to alleviate form dropout prob-
lem and this may be added in future.
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