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ABSTRACT

Much attention has been focused on Mahalanohis distance for a method of treating multi
dimensional information system, such as, pattern recognition. The use of Mahalanobis
distance is proposed by Dr, G. Taguchi and some researches have been made on it,

I n this paper, we propose a printed matter recognition method using Mahalanobis
distance, The bil! money of U S dollar is adopted as one of the printed malters and
it is shown that good results are obtained for the recognition of US bills. Adopting
the proposed method to recognition problems, the effectiveness of the method is shown,

INTRODUCTI1ON

The use of Mahalanobis distance method of treating multi-dimensional information
syster for health examinations was proposed by Dr. G. Taguchi. Such applications
for medical forecasting and treatment have been developing in the past several years.
Many researches have been made on neural networks for pattern recognition with promi-
sing results. These method use slab values and the slab values are the sum of input
pixels generated as characteristics of the inputs by masks. llowever, mask optimization
has not been elaborated sufficiently and the methods have to be improved still more.
We propose the recognition method using Mahalanobis distance, The data which are
collected from a normal group of the recognized objects are processed by constructing a
Mahalanobis Space in the analysis.  These data include various items with different
dimensions and many of these items are mutually correlated,  The quadratic value from
the Mahaglanobis Space, called Mahalanobis distance, is used for data analysis,
The standard Mahalanobis Space is calculated from the inverse matrix of the corre-
lation coefficients. [n the first part of this paper, the analysis of Mahalanobis
distance are explained and the application of the proposed method to the pattern recog-
nition of the U S dollar bill money is shawn in the last part of this paper.

MAHALANOBIS DISTANCE
Standard Mahalanobis Space

As an example, we consider the case of two variables X, and X. . I'f there is no
correlation between X, and X., then, the Mahalanobis distance becomes a circle shown



in Figure 1 (a). I there is any correlation between X, and X, . the Mahalanobis
distance is shown in Figure 1 (b). We can calculate the distance between (0 and A
and the distance between 0 and B using the inverse matrix of the standardized corre-
lation coefficients, This distance is called a Mahalanobis distance.
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FFig. 1 Mahalanobis Space and Mahalanobis distance
Caluculation of Mahalanobis distance

The data are standardized using the next equation,

Xy = (i=12 3=12 +«+n) (L

where, w, is the average of the data X,; and ¢, is the standardized deviation,
The correlation coefficients are calculated from the next equation and the correlation
matrix is expressed as equation (3),
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The inverse matrix A is the next equation.

A = R* = i_‘ aii :| (4)
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Then, the Mahalanobis distance is calculated fromthe next equation,

1 X.i —II; X.‘; —In;
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The standard Mahalanobis Space is constructed from the data in normal condition and
the Mahalanobis distances are located near 1.0. The data in abnormal condition shows
the value far from 1.0, We can classify the cases of the normal condition and the ab-
normal condition using this standardized Mahalanobis Space and Mahalanobis dis-

tance,

Flow of caluculating

The flow of calculating the satndard Maharanobis Space is shown in Figure 2.
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APPLICATION TO INSPECTION OF US BILLS
We apply the proposed method to the inspection of U S dollar bills,
Recognition using a human picture

The human picture is drawn at the center part of US dollar bill{ Figure 3 ). We
adopt the human pictures of each dollar bills as the data and transform the dollar data
into frequency domain by F FT and use amplitudes of Fourier coefficients as the
input data of the caluculating standard Maharanohis Space, We get time series data
using the output signals of LD and PD sensors ( Figure 4 ).
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Fig. 3 IHuman picture of U8 bill IFig, 4  Sensor output signals

Fourier transform

The time series data of $1 is obtained by the output signals of sensors and the data is
shown in  IYigure b, We transform this data into the amplitude of fourier coefficients
with treating of fourier transform. Fourier coefficients A(n) and B{n) are calculated
by the next equations.
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The amplitude of Fourier coefficients is obtained using the next equation (Figure 6).
Amp(n)
Amp(n) = (AM * +Bm) * «+-(@®  NF
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Caonstruction of standard Maharanobis Space

As shown in  Figure 6, amplitude of fourier coefficients of $1 has nine projections
and these projections of frequency are characteristics of §] bill, We treat the
heights of these nine projections as the input data and we collectthe data of real $1
bills, The standard Mahalanobis Space is calculated using 30 sheets of $1 bill.
Each bills have different heights of frequency projections because of the varieties. of
their used years,  Standardized data is expressed as follows:

X, = ' G=1~9 j=1~ 30 ()

where, X,;; is input data and m, is average and o, is standardized deviation,
The correlation matrix is calculated from the next equation
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Each r,; is calculated from the next equations,
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The inverse matrix of the correlation matrix is calculated using eq(4) and Mahala-
nobis distanceD. ¢ is expressed as the next equation.

1
Dy = — E¥a XX XX, (12)
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For example, Xi,=0.0, X.=-0.62, X5:=0.78, X,,=1.32 X=zi=-0.48, X..=-0.5L
X7:==0.56, X.=0.0, X.,=0.30, then D, * = () 44,

The data base of Mahalanobis Space is constructed from the Mahalanobis dintances
of 30 sheets of 1.  When the Mahalanobhis distances of some remodeled $1 bills are
calculated, their numbers are far from ].0.



I hspction experiments

The standard Mahalanobis Space is constructed of calculating the Mahalanobis dis-
tance of real $1 bills and using the 30 sheets of the remodeled $1 bills the inspection
experiments are practised. The result of the experiments are shown in next Figure,
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As shown in the above experiments result, we can discern between the real good bills
and the remodeled bad bills using the proposed Mahalanohis Space and Mahalanobis
distance,

SELECTION OF PARAMETER ITEMS
Experiment using orthogonal array

As the shove mentioned, we use the nine projections of frequency amplitude as the input
data and we get the adequate result of the inspection experiments, DBut if we select
the input data, we will be able to inspect the bills wore easily. We practise the
experiment of parameters selection, The experiment is practised using L. orthogonal
array. The case of taking use of the parameters item corresponds to the first level in
the experiment and the case of taking no use of the item corresponds to the second level
The effect of the experiment is shown in the next SN ratio.

1 1 1 1
n = -log{ ( t——t s ot —)} a2
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The layout of parameters and the S N ratio are shown in Table 1. SN ratio is calcu-
lated using the experiment data, Table 2 shows the effect of the parameter items.

As shown in Table 2, item | and item 2 become the main items for the input data,
Each items correspond to the first projection and the second projection of the frequ—
ency. The amplitudes of low frequency influence the inspection of bills,



Table. 1 Layout and SN ratio Table, 2 Effect of items
\\ ~

NO 123456789 | SN ratio(db) NO level 1 level 7 1-2
1 111111111 15. 1176 1 16. 9177 7.5018 9. 4159
2 1111122272 16. 8399 2 14, 2207 10. 1988 4, 0215
3 112221112 17, 3672 3 11. 1700 13.2495 | -2.07%
4 121221221 17. 0434 4 11. 0358 13.3637 | -2.3079
) 122122121 16. 7796 9 11. 4537 12, 9658 -1. 5121
6 122212212 | 183582 b 11. 1568 13. 2626 -2. 1058
1 212211221 11. 6617 1 11. 4167 13.0028 | -1.5861
8 212122211 11. 8464 8 11. 3695 13. 0500 | ~1.6805
9 211222122 12, 4911 9 12. 6128 11. 8013 0. 817¢
10 222111122 3. 4840
11 221212111 3. 2606
12 221121212 2.26M1

The result of the experiment using the above two items shows in Figure 4. We can

construct the bills inspection system using the low frequency items of time series data

of US dollar bills.
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CONCLUSTON

Experiment result after selecting parameter items

The use of Mahalanobis distance methad of treating multi-dimensional information

system for US bills inspection was proposed. The standard Mahalanobis Space was
used for the recognition of pictures. The Mhalanobis distance was calculated from the
inverse matrix of the correlation coefficients. The proposed method can be applied not
only to bills inspection but also to parinted matters recognition,
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