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for n anchor points, where p is the miss detection rate for a
single anchor point.

While this invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, the preferred embodi-
ments of the invention as set forth herein are intended to be
illustrative, not limiting. Various changes may be made
without departing from the spirit and scope of the invention
as defined in the following claims.

For example, if the currency to be detected are limited to
a relatively small set, for example, U.S. dollars only, more
sophisticated anchor points such as corner points can be
used to increase the efficiency of the process. Other varia-
tions include different template matching techniques, differ-
ent edge orientation estimation methods, and different
schemes for combination of anchor points. Such variations
may effect reliability, complexity, speed, and the constraints
on the patterns to be detected.

What is claimed is:

1. An anti-counterfeit detector for detecting whether an
image to be photocopied is a currency note, the detector
comprising:

storage means for storing a plurality of templates, each of

said plurality of templates comprising at least one
predetermined anchor point;

examining means for examining a portion of said image

to be photocopied and for determining whether said
portion contains a predetermined pixel intensity
arrangement, wherein said predetermined pixel inten-
sity arrangement is an edge and said examining means
comprises means for calculating edge strength within
said portion in accordance with the following equa-
tions:

Fa=d P y)+d, P (xy)
and
W=Efx,)

where d, and d; are differences in intensity of neighboring
pixels in vertical and horizontal directions respeciively, W is
edge strength and summation is over said portion;

orientation determining means for determining an orien-
tation of said predetermined pixel intensity arrange-
ment;

positioning means for positioning said plurality of tem-
plates in alignment with said predetermined pixel inten-
sity arrangement in accordance with said orientation
determined by said orientation determining means;

matching means for comparing said plurality of templates

to said predetermined pixel intensity arrangement.

2. An anti-counterfeit detector according to claim 1,
wherein if said edge strength does not exceed a predeter-
mined threshold, said portion is discarded.

3. An anti-counterfeit detector according to claim 1,
wherein said orientation determining means comprises
means for determining edge orientation ¢ in accordance with
the following equations:

x={ Zfxy)x /W
and
Yo={ Zf )y W

wherein x and y are the coordinates of each of said pixel
intensity arrangement,
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f(x,y)=1d P (x,y)+d,,P(x,y), where dy, and d;, are differ-
ences in intensity of neighboring pixels of said pixel
intensity arrangement, W=Xf(x,y) over said pixel inten-
sity arrangement, and

0=06+0.5m, if €20.5
and
=8 if €<0.5
where
0=0.5 tan™ (2M,/M,M,)
e=(M, sin® 8+M,, cos® 8+2M,_ sin 6 cos 0)/(M +M,)

where M,, M, and M,, refer to second order moments
defined as

M.=Efxy)(v-xp)
M=5f0 )30

and
Mo =Z 0 y)0-x0)(y-yo)

and summation is over a circular area preselected diameter
center at (Xq,¥o)-

4. An anti-counterfeit detector according to claim 3,
wherein said preselected diameter is 8 pixels.

5. An anti-counterfeit detector according to claim 4,
wherein said positioning means comprises means for rotat-
ing said template according to the following equation:

X'=x cos ¢+v sin ¢
and
Y==x sin ¢+y cos ¢

where (x,y) and (x',y") are coordinates of a pixel before and
after rotation respectively.

6. An anti-counterfeit detector according to claim 1,
wherein said matching means further comprises means for
determining matching strength r in accordance with the
following equation:

re Zv(xy)i(xy)
VEV(xyWEA(x,Y)

where v(x,y) and t(x,y) are intensity values at (x,y) in the
image and each of the plurality of templates, respectively,
and summation is over a template size.

7. An anti-counterfeit detector according to claim 6,
wherein a match is indicated by r being greater than a preset
threshold.

8. An anti-counterfeit method for detecting whether an
image to be photocopied is a currency note, the method
comprising the steps of:

storing a plurality of templates, each of said plurality of

templates comprising at least one predetermined
anchor point;

examining a portion of said image to be photocopied and
determining whether said portion contains a predeter-
mined pixel intensity arrangement, wherein said pre-
determined pixel intensity arrangement comprises an
edge and the step of examining comprises determining
edge strength within said portion accordance with the
following equations:



