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A Method for Print Quality Evaluation of
a Large Number of Data

IssEr YAMASAKT* AND TA1zo IrjimMA™*

1. Introduction

It is important to evaluate quantitatively the print quality not only for the
valuation of OCR (optical character reader), but also for the development of
reliable OCR. Evaluation of print quality has been made manually using simple
measuring device. Evaluation method described in “Printing Specifications for
Optical Character Recognition” [1] which is recommended by ISO (International
Organization for Standardization), seems to be too microscopic, and has little repro-
ducibility of measured values. This paper deals with objective, mechanical, and
efficient quantitative evaluation method of a large number of printed images.

2. Definition of Normalized Pattern and Evaluation of Print Quality by the
Similarity
Consider a two-valued function ¢(r), defined on a region R in the two di-
mensional z-y plane, which expresses a printed pattern (cf. Fig. 1). Where the
coordinates in the region R are denoted by a vector r. The function ¢(r) takes
unity for black portion and zero for white portion.
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Fig. 1. Region R defined by a pattern ¢(r).

Mean darkness K, and intensity measure A of the pattern ¢(r) are respec-

tively defined by:

KE%—SSR o(rydr, | (1)
Azz—;e—ssk [o(r)— K Pdr=K1—K). (2)
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(where the symbol R also expresses the area of the region R.)
The pattern normalized with darkness, which is named normalized pattern
¢(r), is given by:
$r)=1/A)Ler)—K]. (3)
The pattern ¢(r) is normalized as the average and the center of gravity are zero,
and the mean square is unity.
The similarity S(f, fo) between two patterns f(r) and fo(r) given in the
region R, is defined as:
S5 Fo=(F, L)l -1 foll), (4)
(f, fo):SSR S(r) folr)dr: inner product,

where
| £ =V F) : norm.

The value of similarity S(f, fo) expresses the cosine of the angle formed by two

pattern-vectors f(r) and fo(r), considering patterns are vectors in a multi-di-

mensional vector space. The similarity S(f, fo) takes its maximum value unity

when these two patterns coincide completely.

Let functions f(r) and fo(r) be an input pattern and a standard pattern,
respectively ; and the mean darkness of f(r) and that of for) be K and K,
respectively. If the intersection rate of the black part of two patterns is 7,
when the values of mean darkness K and K, are equal, the similarity S(f, fo)
between two-valued black and white patterns f(r) and for) becomes

S(f, fo)=1, (5)
and the similarity s(g, go) between normalized patterns ¢(r) and go(r) is
s(g, go)=(r—K)/[(1-K). (6)

If the normalized input pattern ¢(r) is decomposed into the component in
the direction of normalized standard pattern vector go(r) and the component in
the direction of a function e(r) intersecting perpendicularly to the direction of
the normalized standard pattern vector, the projection of the normalized input
pattern ¢(r) onto the normalized standard pattern vector go(r) is the similarity
s(g, go). The normalized input pattern ¢(r); therefore, can be written as:

g(r)=s(g, go)go(r) +e(r). (M)

Consequently, the similarity s(g, go) represents the component in the direction
of the standard pattern go(r) comprised in the input pattern ¢(r), and e(r) repre-
sents noise component except go(r).

Noise factor €? is defined by:

e8= || e |/ R=1—5%(g, go). (8)

Positioning and coincidence of stroke-widths between an input pattern and
the standard pattern are necessary, to evaluate print quality of character patterns
using the similarity.
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3. Estimation of the Similarity at Equal Mean Darkness

A method for estimation of the similarity at equal mean darkness has been
studied.

A variable £ and its function H(§), using mean darkness K and K,, and the
similarity s(f, fo), are defined as follows:

E=K(/K, (9)
H(&)=S(f, fo). (10)

The function H(§) takes following values:
jH(é):é, if TocT; (11)
H&)=1, if T,oT; (12)
1 0<H(£)<min(l, €), otherwise, (13)

where the areas occupied by the black parts of the input pattern and the standard
pattern in the region R are denoted by 7 and 7o, respectively. The outline
drawing of H(§) is shown in Fig. 2.
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Fig. 2. An example of H(é).

The function H(¢) is approximated with the function 7(¢) defined by:
NE=[1+E-VE-2RE+TY(1+k), (14)
where —oo<k<L1, , , (15)
If the value of 7(£) (denoted by 7’) for a certain value of & (denoted by &)
is known, the parameter % in Eq. (14) is determined, and the approximation
function which estimates the value of H(&) for £=1 (namely, K=K,) is fixed.
An estimate H'[=7(1)] for the value H(1) is given by:
H'=n(1)=79'|[y' +V (& =9 )1-7")]. (16)
If a value of the variable £ is & and estimate for H(1) is H{ in the case of
mean darkness K of the input pattern is smaller than that K, of the standard
pattern (K <Kj), and a variable £ and an estimate for H(1) are respectively & and
Hy in the case of K is larger than K,; the formula obtaining a new estimate
Hy for - H(1) from these two estimates H\' and H; in proportion to the distance
between unity and &, or &, is given by:
Hy =[(&—1)Hy +(1-&)H ]/(E2— &), (17
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The similarity S(f, fo) between two-valued black and white pattern at equal
mean darkness is

S(f, fo=HY/, (18)
and the similarity s(g, go) between normalized patterns is
s(g, go)=(Ho —K)/(1-K). (19)

4. Estimation of True Maximum Similarity and the Relative Position in This
Case
A rectangular network of equi-spaced points is superimposed over the region
R. Let ! be mesh spacing in horizontal and vertical directions, and assume one
of mesh points coincides with the centroid ao of the standard pattern. Mesh
points are named P, ; (i, =0, 1, £2, ---) (cf. Fig. 3).
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Fig. 3. Rectangular network of points for estimating
true maximum similarity.

Consider the similarity Si, ; between translated input pattern fi, (r), which
is translated so as to its centroid is coincides with the point P, ;, and the
standard pattern fo(r); namely,

Si, i=S(f4, 5, fo). (20)
If parameters ¢ and j are changed one by one, the similarity takes a maximum
for a certain values of 7 and j (These values are denoted by I and J, respectively.)
The values of similarity at the relative position P;, ; and the four cardinal points
centering around the point Py, ; (plus-shaped five relative positions) are denoted

as follows:
Zo=81, 4, Z1=8141, 4, Z9=S1, 541, Z3=S1-1, 5, Z4=S51, 11, 21)
True maximum similarity Smes is approximated by:
Smaz=Zo+(1/2)[| Z1—Zs| + | Za— Z4] ], (22)

and the positional deviation @’ of centroid of the input pattern measured from
the relative position Pi, s as a basis, is given by:
a' =ipl+jql, @3)



A METHOD FOR PRINT QUALITY EVALUATION OF A LARGE NUMBER OF DATA 123

_{(1/2)(Zlﬁ23)/(20~23), Zi>2Zs; 04

J Tl Za— 20— 22), Zi< Zs 24
where

1 _{(1/2)(22—24)/(20—24), Zy>Zy; ”s

B —(1)2)(Zs—Z2)[(Zo—Z3), Z3< Z,, @)

symbols Z and j are unit vectors in the directions of horizontal and vertical,
respectively.
The positional deviation d of the centroid of input pattern measured from
the centroid @ of the standard pattern as a basis is given as:
d=1;, ;,+a, {26)
where 1, ;=i(I1)+1(J]). @n
It is assumed that the similarity varies linearly with relative positional trans-

lation of an input pattern and a standard pattern.

5. Evaluation of Pseudo-Data

Let us make an experiment using computer programs.

A character pattern is represented on a 65x87 matrix (sampling interval is
0.04mm). Pseudo-data are patterns which are added artificial noises to the strokes
of a standard patterns and/or around the strokes in statistical manner.

Table 1. Probability of Attaching Artificial Noise.

number of black points [
. in 3x3 submatrix 0 1 2 3 4 5 6 7 8 9

noise level —
(1) 0.000] 0.001] 0.005, 0.025 0.125 0.625 0.975 0.995 0.999 1. 000
(2) 0.000.01L0.02|0.04|0.08/0.160.32|0.64|1.001.00
(3) 0.0 10.1 {02 |0.3 [0.4 (0.5 [0.6 [0.7 [0.8 |1.0
(4) 0.0 {0.1 (0.2 0.3 |[0.4 (0.5 {0.6 |0.7 [0.8 |09

Table 2. Evaluated Results for Pseudo-Data.

~~~..___ noise level ‘ (1) (2) (3) (4)
mean 0.017 0. 027 0.171 0.294
maximum 0. 024 0. 044 0.252 0. 340
OCR-A minimum 0. 003 0. 004 0.114 0.217
standard deviation 0. 005 0.010 0.030 0. 029
mean 0. 022 0. 030 0. 160 0. 287
i X . . 23 .
OCR-B m?x.lmum 0. 037 0. 054 0.235 0.338
minimum 0. 005 0. 004 0.038 0. 205
standard - deviation 0. 007 0.012 0. 037 0. 028
mean 0. 020 0. 029 0.165 0.290
OCR(iA maximum 0.037 | 0.054 | 0.252 | 0.340
OCR.B | minimum 0.003 | 0.004 | 0.038 | 0.205
standard deviation 0.006 0.011 0. 034 0.029




124 I. YAMASAKI & T. IIJIMA

(_START )

1
READ IN A STANDARD PATTERN
AND ITS PARAMETERS

2
/_READ IN AN INPUT PATTERN __/

3

COMPUTE MEAN-DARKNESS K,
AND THE CENTROID. a

4
| PREPARE TWO STANDARD PATTERNS |

5

ESTIMATE PLUS-SHAPED FIVE
VALUES OF SIMILARITY AT
EQUAL MEAN-DARKNESS

ESTIMATE TRUE MAXIMUM
SIMILARITY AND ITS POSITION

COMPUTE NOISE FACTOR, AND

POSTTIONAL DEVIATION OF THE

CENTROID OF INPUT PATTERN
FROM THAT OF STANDARD PATTERN

8
/ OUTPUT RESULTS /

(_ sT0P )

Fig. 4. A simplified flow chart of print quality evaluation.

The value (black “1” or white “0”) of a sampling point ¢ is determined
by the number of black points in a 3X3 submatrix, centered on the point p.
Probability determining the quantity of noise is shown in Table 1. Quantity
of noise increases within the order (1), (2), (3), and (4).

A simplified procedure of evaluation is shown in Fig. 4.

Evaluated results for pseudo-data are shown in Table 2.

6. Conclusion

Results shown in Table 2 confirm that the noise factor € is useful for the
purpose of quantitative print quality evaluation. Positional deviation d of cen-
troids of anb input and the standard pattern, other than the noise factor €% also
serves for the purpose of quantitative print quality evaluation.

To evaluate actual character patterns printed on a sheet of paper ; sampling
interval, stroke-width preparing for a standard pattern, interval of calculating
similarity for estimating true maximum similarity and its position, and the value
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of threshold, should be determined. These subjects are now under further con-
sideration.
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