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Problem and Challenges 
�  Problem 
◦ Match a given Signature with reference Signature 

� Challenges 
◦  Signatures are Images, thus requires image 

processing techniques 
◦ When a user sign, a signature is most likely may 

not be identical to the reference signature 
◦  It is difficult of match with Precision, thus 

signature matching must have an acceptable 
tolerance for error 
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Signature Matching Approach 
�  Extract features from signature image 
◦  Spatial - Geometrical, Topological   
�  Extract salient structure 
�  Contour grouping and learning 

◦  Temporal 

�  Shape matching as optimization problem 
◦  Preserves local neighborhood structure 
◦  Use graph matching, meaning maximize number 

of matched edges between a reference signature 
and a signature in question 
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Example of Feature extraction 

�  Solid geometric curves passing through the 
two end points E1 and E2 on a signature are 
feature curves  

�  Features are of type cycloid, cycloid, and 
prolate cycloid  

 

curves are curtate cycloid, cycloid, and prolate cycloid, as
shown in Fig. 5, respectively.

We model piecewise segments of a signature by a family
of second-order curves that satisfy constraints imposed by
the signature production. In addition, we use the local
gradient directions approximated at the two end points,
which can be viewed as soft constraints on the segment of
the curve imposed by the global structure of the signature
instance. In Cartesian coordinates, the family of a quadratic
equation in two variables x and y is always a conic section.
Fig. 6 shows how the orientations of the gradients at the two
edge points greatly limit the inference on local curve
segment to a family of conics, under the second-order
signature production model.

We can formalize this intuition geometrically. For a pair
of edge points E1 at (x1; y1) and E2 at (x2; y2), we obtain
estimates of their local gradients N1ðp1; q1Þ and N2ðp2; q2Þ
through edge detection. For definiteness, we suppose both
E1 and E2 point into the angular section between the
tangent lines, as shown in Fig. 6:

p1ðx2 # x1Þ þ q1ðy2 # y1Þ > 0 and ð3aÞ

p2ðx2 # x1Þ þ q2ðy2 # y1Þ < 0: ð3bÞ

The two tangent lines at E1 and E2 are normal to their local
gradients and are given by

t1ðx; yÞ % p1ðx# x1Þ þ q1ðy# y1Þ ¼ 0 ð4Þ

and

t2ðx; yÞ % p2ðx# x2Þ þ q2ðy# y2Þ ¼ 0: ð5Þ

The straight line lðx; yÞ that passes through E1 and E2 can
be written as

lðx; yÞ %
x y 1
x1 y1 1
x2 y2 1

!!!!!!

!!!!!!
¼ 0: ð6Þ

Note that t1ðx; yÞ, t2ðx; yÞ, and lðx; yÞ are all first-order
linear functions in x and y. The family of second-order
curves that is bounded within the angular section between
t1ðx; yÞ and t2ðx; yÞ can be expressed as

Cðx; yÞ % l2ðx; yÞ # !t1ðx; yÞt2ðx; yÞ ¼ 0: ð7Þ

In the canonical form, that is

ax2 þ 2hxyþ by2 þ 2gxþ 2fyþ c ¼ 0; ð8Þ

where parameters a; b; c; f; g; h are first-order linear func-
tions in ! and the parameter set (x1; y1), (x2; y2), (p1; q1),
(p2; q2).

Given a parameter set (x1; y1), (x2; y2), (p1; q1), (p2; q2),
which is equivalent to fixing the set of three straight lines
t1ðx; yÞ, t2ðx; yÞ, and lðx; yÞ, we can theoretically analyze how
parameter ! for ! 2 ½0;þ1Þ affects the curvature of the
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Fig. 4. Among the large number of geometric curves passing through the
two end points E1 and E2 on a signature, a few are realistic (solid
curves). An example of unrealistic curve is shown in the dotted line.

Fig. 5. (a) Curtate cycloid, (b) cycloid, and (c) prolate cycloid curves generated when the speeds of writing in the horizontal baseline and the vertical

direction both vary sinusoidally.

Fig. 6. Conic sections inferred by a pair of edge points.

Fig. 3. Nonsignature objects (blue dots) and signatures (red pluses) are
nonseparable by local features, including size, aspect ratio, and spatial
density, as a significant portion of them overlaps in the feature space.
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Signature Matching as a Service 

� A REST or Request/Reply Service  
� The service has a database of reference 

signature 
◦ A user can add/update a reference Signature 

with the Service 
◦ A user request with a Signature for matching 

for which the Service will respond with a 
tolerance/precision of matching such as 90% 
or 10% indicating a Signature is a match or 
not match or needs to be manually verified. 
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Signature Matching Service Flow 

Signature Service REST API 

User Request 

Learning Algorithm 

Store in DB 

Match Signature 

Signature Matching Service 

Shirish Ranjit (c) 2016 
shirish.ranjit@shirishranjit.com 6 



Service Architecture 

Signature Matching RETS API 

Add/Update 
Signature 

Signature 
DB 

Learning 
Algorithms 

Match 
Signature 

Trained 
Algorithms 
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