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On handwriting preprocessing for 2D object
recognition systems

[ Marcin WozZniak, Dawid Potap, Zbigniew Marszalek ]

Abstract— This paper illustrates object preprocessing using some
interpolation methods. Interpolation is used to obtain the best
angle of inclination of input curve based on human signature.
This feature is one of crucial aspects for efficiency in object
recognition systems that are basing on handwriting signature. In
the article is presented analysis of selected methods that may help
in preprocessing of handwriting for artificial intelligence systems.

Keywords—handwriting recognition, 2D object interpolation.

1.  Introduction

Handwriting recognition is classified as one of basic topics
in pattern recognition in artificial intelligence (Al). Before
using Al methods to classify given pattern one need to focus
on proper representation of input signature. To identify
someone, we may focus on handwriting, especially signature.
Some interesting recognition methods are presented in
[2,4,17,21]. During lifetime, handwriting may differ along
with age or changes in type of writing, size or topography of
letters and many other circumstances. These features make it
peculiar and unique for each person. Therefore it is possible to
determine if text was or not written by someone. It may not
only be used in graphology but is also widely used in
identification. For example, handwritten signature is a certain
way to counter check identity of respondent in bank or any
other institution. The main problem is to find best way to
digitalize input signature. In digitalization we must properly
find edges of transformed object. Some ideas to digitalize
handwriting are discussed in [6,16,20,22]. The other problem
is reforming transformed object into right shape for Al
classifiers, see [12,17]. Nowadays, signature is used in many
devices: in banks to confirm customers personality, at work to
sign documents or confirm identity.
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Verification of the signature in electronic device goes
along with some schema. User is signing in provided area.
Then signature is transformed into electronic version which
can be recognized by dedicated tool. In this process, one need
to identify key points in the object we are digitalizing or
transforming for Al systems. Some interesting methods of
shape matching and interpolation are presented in [2,3,9]. In
[5,10] are presented examples of key point finding and image
classification. This makes it important to have proper and
valid systems of handwriting recognition. There are many
ways of recognition, see [4,12,14,17,18,19]. This problem
becomes even more complicated in 3D, as shown in [1,13,14].
It is complex problem, which has not been entirely
investigated to this day. One of reasons for such situation is
different handwriting style. Without doubt, everyone has
peculiar style of writing. But suppose, a person who signs
document will also twitch or for some reasons cannot do it
correct. The signature is deformed, however we may not ask to
sign again. Another problem is location or rotation of the
signature in designated area. This happens very often, for
example if we sign something using electronic devices with
provided area of writing. For example in a hurry, client will
write signature along with any edge of provided area. In this
case, there is need to rotate the signature and then prepare it
for validation. Solution to this problem can be sought in
various ways. Mainly we define it as problem of data form and
the method to collect it (data acquisition).

Signature is 2D object. Moreover we can treat it as curve
in the surface. Therefore one may apply typical mathematical
operations to form it in the way our Al classifier may need. If
we treat a signature as curve we may interpolate it using key
points. Interpolation is one of important mathematical
applications in Al systems. In [4,15,16,21] are presented it's
applications in filtering or processing irregularly spaced data.
Interpolation will be very helpful in situations when user's
signature is deformed, rotated or we simply need to relocate it
or resize it. This topic is investigated in presented
examinations.

n. Preprocessing 2D input object

There are primarily two data acquisition methods: passive
and dynamic. Passive data acquisition means collecting data
from simulation. Dynamic data acquisition means collecting
data directly from the user. This is very important problem in
handwriting recognition. Input for Al pattern recognition
systems should have a common format, for instance binary.
For this type we have to prepare the object. There is a problem
of provided area, because we use different types of electronic
devices. However we want useisto wiite freely and make



Proc. of the Intl. Conf. on Advances In Information Processing And Communication Technology - IPCT 2014.
Copyright © Institute of Research Engineers and Doctors. All rights reserved.
ISBN: 978-1-63248-021-7 doi: 10.15224/ 978-1-63248-021-7-75

computer recognize the object, here respondent signature,
properly.

We have investigated situations when computer shall find
signature placed anywhere in provided area and then if needed
cut it, rotate or resize to have best possible input data for Al
recognition system. In our research was used 530x270 pixels
touch pad, provided for the users to sign. The system was
transforming input signature from 530x270 pixels object into
40x15 pixels object. To solve it we have used interpolation on
selected key points. In the article, we have examined some
selected ways of interpolating to verify the best one for
handwriting  (signature) Al recognition systems. In
[4,13,15,16,21] we can find detailed description of
interpolation methods. While in [18,19] are described some
other interesting methods to preprocess input data for Al
recognition systems. We can define interpolation as
transformation from input curve to resized one, but without
changing most important facts. This makes transformed object
similar to use for pattern recognition. The research sample is
handwritten signature. Many devices use different input
appliance, single or sophisticated resolution. Also users may
use different language or have different handwriting type.
Therefore it is essential to interpolate all possible input
elements in a special, predefined way. Human signature, from
mathematical point of view, is continuous or broken line, and
that is why we can treat it as curve. Therefore, it is important
to examine which of interpolation method is most efficient.
Let us now discuss some sample mathematical methods.

A. Linear interpolation

First examined method is linear interpolation. To make an
object linearly interpolated we use polynomial function

f(x)=ag +ayX, (1)
where a, and a, are constants that we are searching for.
Assuming that we have n input points (x;,y;) fori=1....,n
we are looking for polynomial which fulfills condition
f(x;)=y; for i=1...,n—=1. Thus interpolation has the
following form

n
S(ap,a;) =Y (i —ap —a;x;)% . (2)
i=1
Therefore system of normal equations is
0S(ap,ay) &
— L = (yi —ag —a X )(-1) =0
O = 3)
0S(ag,aq) Q& ’
— 1 =2 (Vi —ag —ayX; )(-x;) =0
6a0 i=1

After basic mathematical operations we have
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n n
N+, X =2V, “4)
i1 ia
n n 2 n
Ao X Xi T X =2 %Y (5)
i1 i1 i1

However in numerical experiments one may use matrices
A, X, Y defined as system of normal equations and it's
coefficients. Therefore linear normalized function in (2), may
be presented as

n n n

] | 2| X 2x
A:{ 0},\(: = x = (6)
% 2 %Y 2 Xi quz

i=1

To find coefficients we use matrix equation A= X ~Y . One
may also use quadratic or higher polynomials to interpolate
input signature. This will be similar in form to (6).

B. Quadratic interpolation

Quadratic interpolation is similar to method in section I1.A,
but in this case our function is

f(X)=ay +a,x+a,x>,

(7

where a,, a; and a, are constants. Function S(a,y,a,,a,)
for points (x;,y;)for i=1...,n is

S(aOvalvaz)Zé(Yi—ao_alxi_azxi2)2~ )
System of equations has the following form
—aS(aOa;l, 22) _ é(yi —ag —ayX; —a,x7)(-1) =0
%(a%'%aalllm = é()ﬁ —ag - X )(=%)=0 . (9)
—aS(a(éil, 22) = iZ:i(Yi —ay -, )(-x{) =0
After ordering we obtain
:;10n+alzn‘ixi+a2ilxi2 :i‘iyi . (10)
i= i= i=

When one use polynomial of higher order, there are many
methods to search for interpolating curve. We chose one of
them, where the matrices may be” omitied because Cramer's
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formulas are sometimes numerically inefficient in
calculations.
c. Lagrange interpolation

Cramer's  formulas show that in  polynomial
W, (x) =agx’ +a;x* +...+a,x" values yg,y;,....y, are

only in first power. This interpolation is similar to previous
methods, but here our basic function is

W, (X) = Yo @ (X) + Y1 D1 (X) +..+ Y, @, (X)), (11)

where polynomial W,(x) is n degree and polynomials
Dy (X),..., D, (x) are formed as result of grouping. Degree of
®@; (x) is less or equal to n, where i=1,...,n. We also assume
that W, (x;)=y; fori=1...,n and any yq,Vy;,..., Y, . From
that we have ®@;(x;)=djand @;(x;)=ifor i=1...,n and
j=1...,n. Where ®;(x) resets this polynomial in all nodes

of interpolation. Therefore to find Lagrange polynomials one
may use formula

n
TI0-x)
L (x) =12 . (12)
H(Xi_xj)
j=1, j=i
D. Chebyschey interpolation
Last method, which was examined is Chebyshev

interpolation. In this process we use Chebyshev polynomials
of the first kind, recursively created using general equation

T () =2%x-T (X) =T 1 (%) - (13)

In numerical experiments were only used first five

polynomials, which are: Ty(x)=1 , T;(X)=x ,
T,(x) =2x2 -1, T5(x) =4x> -3x and T,(x) =8x"* —8x? +1.
Therefore interpolating function f(x) is

fm(x)=%c0+£:lchj(xk). (14)
j=

For discrete input, coefficients c; are calculated with formula

2 m
Cj:mg}f(xk)Tj(xk)‘ (15)

Let us now present research results for different kinds of
input signature.
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. Research results

In numerical experiments were examined some examples
of signatures. Input objects were rotated, twitched or multi line
signatures, which may come in real situations. Input signatures
were simplified by computer to create 2D curve without any
doubled points in it. In [5, 10] are presented some efficient
methods to find key points in pictures, which in simplified
versions may be also applied to signatures, as in this paper.
Simplified object, in the research, is therefore simplified curve
containing only most important points. In case, when for one
value of y were more arguments X, program calculated
arithmetic average of x values. This assumption helps to
simplify input object, even if it is complicated structure in 2D.
Input objects after simplification according to presented rules
were interpolated. Interpolation is to make acquisition of data
(here handwritten signature) for Al pattern recognition system.
Interpolation process was to transform input signature from
530x270 pixels object (touch pad input) into 40x15 pixels
object (Al classifier).

Examples of signatures in original shape as written by the
user on touch pad input, simplified versions and interpolated
ones for Al classifier are presented in figures 1-24.

5300W e

Figure 1. First sample in original shape as written by the user.

Figure 2. Simplification of first input object.

Curves of the first input signature are interpolated using
methods presented in sections II.LA — I1.D. Interpolation is
presented in figure 3. In the research computer treats it as a
stream of values, representing simplified and interpolated
input signature. Interpolated object is prepared for Al
classifier. Some examples of data acquisition or systems
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positioning for Al systems by the use of evolutionary
computation are presented in [7,8,11].

First input signature preprocessing effect

2,50E+02 4

2,00E+02 - 1,00E427

8,00E+26
1,50E402 -
6,00E426

1,00E402

interpolated value

4,00E+26

5,00E+01 - 2,006426

0,00E+00 0,00E+00

0 100 200 300 400 500
input element
Linear e Quadratic < Lagrange e Chebyshev
Figure 3. Interpolation of first 2D input object.

In figure 3, we see that all interpolation methods create almost
continuous line. However Lagrange interpolation is separated
and do not have compact shape.

Let us now discuss other examined signatures. We have
analyzed twitched signatures or blurred letters on the input.
We also analyzed rotated objects, as this is common situation
in reality. These situations happen often if we write in hurry or
there is soft ground or poor writing instrument. Therefore
analysis of some examples is important. In signature two on
the input, there is rotated object, as presented in figure 4.

Figure 4. Second sample in original shape as written by the user.

~ :
/ ‘/, * - .
PR E
- - LY S i :

Figure 5. Simplification of second input object.
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In figure 5 are presented key points of the first input signature.
Because input letters were clear and not overlapping,
simplified version contains many points.

Second input sighature preprocessing effect
1,20E+25 300

1,006+25 250

200
8,00E+24
150
6,00E+24
100

interpolated value

4,00E+24
50

2,00E+24

0,00E+00 T T T T
0 50 100 150 200 250 300

-50
350

input element

+ Chebyshev Linear + Quadratic + Lagrange

Figure 6. Interpolation of second 2D input object.

In figure 6 is presented interpolation of second input signature.
We present all results of interpolation for discussed in section
Il methods in one chart for each input object. Input letters
were clear without blurring or overlapping and interpolation
effects are almost continuous lines and Lagrange points
without big fluctuations.

Let us see third signature on the input, there are blurred,
illegible and twitched letters, as presented in figure 7.

5“7#

fhis.

Figure 7. Third sample in original shape as written by the user.

Figure 8. Simplification of third input object.
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Simplified object is presented in figure 8. Blurred and illegible In figure 11 is presented simplified input signature. There was
letters made it more complicated to find key points. no rotation on the input, therefore key points are also
horizontally placed.

Third input signature preprocessing effect
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Figure 9. Interpolation of third 2D input object.

. . . . Figure 12. Interpolation of fourth 2D input object.
In figure 9, we see that blurred and illegible letters influenced g P puton)

interpolation effect. In figure 12, we see that big letters on the input affected
Let us now discuss fourth input object. In signature four, compactness of interpolation. We see big fluctuations in
on the input we have big and clear letters. However some  L-agdrange points.

letters are overlapping, as presented in figure 10. Let us now present fifth input object. In signature fifth,
there are clear letters. All input object is readable, as presented
in figure 13.

U=
% lg___fﬁ}’\ U b\qﬂ&tm

fre

=

Figure 10. Four sample in original shape as written by the user.

Input object was simplified to get key points, as presented in Figure 13. Fifth sample in original shape as written by the user.

figure 11.
W T
S
— 4 = - \ !
——, “"—\__ L,
~ Y F) A} n‘
LY

Figure 14. Simplification of fifth input object.
Figure 11. Simplification of four input object.
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Simplified object is presented in figure 14. Object is clear,
however simplified version looks like rotated, therefore in
interpolation we can see fluctuations in Lagrange points.

Fifth input signature preprocessing effect
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Figure 15. Interpolation of fifth 2D input object.

In sixth signature on the input, there are blurred, illegible
and twitched letters. Moreover letters are also overlapping and
the input signature is rotated, as presented in figure 16.

/\A@/

Figure 16. Sixth sample in original shape as written by the user.

- ~~

Figure 17. Simplification of sixth input object.

Simplified version of sixth input is presented in figure 17.
Input signature was blurred, twitched and rotated, therefore
key points are reflecting nature of this signature.

Sixth input signature preprocessing effect
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Figure 18. Interpolation of sixth 2D input object.

Nature of sixth input signature is also visible in interpolation
effects. Lagrange points are fluctuated and other methods gave
not compact lines.

In seventh signature on the input, words are rotated but
letters are clear without blurring. Input object is not illegible
or twitched, as presented in figure 19.

18/ T
oV
Wy

Figure 19. Seventh sample in original shape as written by the user.

Figure 20. Simplification of seventh input object.

Simplified object is presented in figure 20. We can see that
rotation of the input object is important for simplification. In
interpolation, presented in figure 21 we can see that there are
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fluctuations in Lagrange points. Other methods gave compact
lines, which are all placed in similar area.

fluctuated and other interpolations are placed rather vertically
in the area.

Seventh input signature preprocessing effect
- 250
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Figure 21. Interpolation of seventh 2D input object.

In eighth signature on the input, there are blurred, illegible
and twitched letters. Moreover, letters are also overlapping
and the input signature is rotated, as presented in figure 22.

£/

Figure 22. Eighth sample in original shape as written by the user.

Figure 23. Simplification of eighth input object.

Analyzing key points after simplification we see that this input
was hard to simplified. Interpolation of the input objects is
presented in figure 24. One can notice that Lagrange points are
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Eighth input signature preprocessing effect
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Figure 24. Interpolation of eighth 2D input object.

One can notice that even twitched or rotated object can be
interpolated into size of Al classifier may need. It is also
possible that preprocessing in some cases may interpolate less
important key points.

A. Comparison and assessment

In preprocessing were used selected interpolation methods.
Therefore it is important to measure accuracy and possible
error. However for all presented examples the Runge effect
may exists. One may describe it as deteriorating effect of
polynomial interpolation despite increasing number of nodes
(interpolation key points). This effect occurs if we use
discontinuous function and if distances between all nodes are
of equal length. Node in the research, we understand it as key
point of simplified input signature. In our research, Runge
effect unfortunately exists and it is visible. Absolute error is

defined in formula
d 2
e= 2 (p(x)- 1),
i=1

which best estimates an error for single value. Many peculiar
points in 2D space we assess using formula

(16)

e=|0—f(xo)|, (17)
where ¢ is error value we measured and f(xy) is value of
interpolation at measured point.

Let us now present accuracy of preprocessing for
examined 2D input objects. In table 1 is presented accuracy
for each input signature and average value. This represents
expected accuracy of interpolation for given input signature.
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TABLE I. ACCURARCY OF INTERPOLATION
Signature Linear Quac:::te;: pOIaItl:gr:;z;)s Chebyschev
1 56% 52% 58% 60%
2 58% 59% 54% 61%
3 56% 55% 50% 55%
4 59% 60% 41% 59%
5 65% 65% 28% 65%
6 49% 49% 31% 49%
7 72% 2% 53% 73%
8 70% 70% 69% 70%
Avg. 61% 60% 48% 62%

Accuracy of examined interpolation methods

Analyzing research results one may see that for common
signatures without any special disturbances Quadratic or
Chebyshev methods can give best results. Moreover the same
methods work also very good with rotated or displaced input
objects, what is visible in better accuracy. Worst results were
achieved for twitched, blurred or overlapping signatures,
where all examined methods work with similar accuracy but
not Lagrange method. Therefore it seems to be necessary to
work on methods for unclear input objects, that in practice
may occur often.

iv. Conclusions

In our research, we have considered four different
interpolation methods for preprocessing 2D input objects.
Result show that to interpolate curve, which is based on
human signature, one may use n degree polynomials. For
instance: linear function (1st degree polynomial), quadratic
function (2nd degree polynomial) or some more sophisticated.
Depending on input data, preprocessing may result in some
errors, but we must remember that input line is not always
continuous and thus good interpolation nodes (input object key
points) are very important. From the research we conclude that
Lagrange method may cause low accuracy in some cases. By
comparison, Chebyshev interpolation transferred more points,
but the error is still high. Good results may give linear or
quadratic method, both achieved similar results. It also seems
that implementing new methods based on genetic or heuristic
attempt to track and interpolate user's input signature using
key points of preprocessed object may help to solve problem
of rotated, twitched, blurred or overlapping signatures.
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