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Application of projective normalization (a special case of orthocorrection and
perspective correction) to photographs of documents for their further optical recognition is
generally accepted. In this case, inaccuracies of normalization can lead to recognition errors.
To date, a number of normalization accuracy criteria are presented in the literature, but
their conformity with recognition quality was not investigated. In this paper, for the case of
a fixed structured document, we justify a uniform probabilistic model of recognition errors,
according to which the probability of correct recognition of a character abruptly falls to zero
with an increase in the coordinate discrepancy of this character. For this model, we prove
that the image normalization accuracy criterion, which is equal to the maximal coordinate
discrepancy in the text fields of a document, monotonously depends on the probability of
correct recognition of the entire document. Also, we show that the problem on computing
the maximal coordinate discrepancy is not reduced to the nearest known one, i.e. the linear-
fractional programming problem. Finally, for the first time, we obtain an analytical solution
to the problem on computing the maximal coordinate discrepancy on a union of polygons.
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Introduction

Image Projective Normalization

Using calibration [1], almost any imaging optical system (hereinafter referred to as a
camera) can be reduced to an orthoscopic one, i.e. a system satisfying a projective model
of a camera [2]. In the framework of this model, an arbitrary scene plane is associated
with the image plane by a projective transformation.

A shooting angle with respect to the flat scene is called normal if the imaging optical
system is oriented normal to the scene. The projective transformation of an image taken
from an arbitrary angle ensures an imitation of an image taken from a virtual normal
angle based on the image taken from an arbitrary angle. Following [3], we refer to such an
imitation as an image projective normalization (IPN). An image obtained as a result of
IPN is called normalized. A normalized image is orthoscopic, i.e. the image of a flat scene
on the normalized image is similar to the scene itself. This fact fundamentally simplifies
further analysis of the scene. As a rule, IPN requares not only consider the virtual camera
angle to be normal, but also fix some of remaining degrees of freedom of the camera (solid
body), which appear as isotropic scaling, shift, and orientation of the normalized image.

Projective normalization is actively used as a stage of image preprocessing for solving
various problems of technical vision such as recognition of text content of documents
[4–8], car number recognition [9], automatic recognition of a television program by a
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picture of TV screen [10], checkerboard detection to calibrate a camera [11], detection of
artificial roughness on roads [12], matching of the contour of an object represented in the
image with an object in the database [13–18], satellite monitoring (estimation of temporal
variability of the ocean surface temperature, determination of the speed of movement of
cloud masses, etc.) [19], drawing up plans and maps of the area based on the results of
aerial photography [20, 21], etc. In addition, projective normalization of a photograph of
a document is applicable to facilitate perception by a person [22].

Accuracy Criteria of Image Normalization

As shown above, IPN is used as a stage of image preprocessing for solving many
problems of technical vision. Any IPN methods work with errors, and the properties of
these errors are different for different methods. Therefore, for different problems taking
place in technical vision, different IPN methods may be preferable from the point of view
of the quality of solution. In order to select or develop an optimal method for specific
problems, appropriate problem-oriented criteria for the accuracy of IPN are needed. A
large number of normalization accuracy criteria are proposed in the literature, but the
question of their focus on solving particular computer vision problems was not investigated.
This casts doubt on correspondence of the developed IPN methods to the problems facing
the methods. In this paper, we aim to fill this gap.

Definitions and Notations

Let Iinput be an image for projective normalization, which is a photograph usually.
Assume that the projective transformation H, which defines the ideal normalization of the
image Iinput, is known. We consider only cases when H is unique. Such a transformation
is set expertly and is used as an ideal answer when testing IPN methods. Let Iideal be
the ideally normalized image formed as a result of applying H to Iinput (see Fig. 1), Ĥ
be the estimate of the transformation H obtained by the IPN method, and Ipract be the

practically normalized image formed by applying Ĥ to Iinput.

Denote by r
def
=
[

x y
]T

the Cartesian coordinates of pixels on the plane of the image

Iideal. Also, define the residual projective transformation V
def
= ĤH−1, which, for each

point of the scene, associates the coordinates r of the image of the point on Iideal with the
coordinates V(r) of the image of the point on Ipract. In order to formalize the point-by-point
error of the IPN, we introduce the coordinate discrepancy [23] (see Fig. 2):

d(r)
def
= ‖r− V(r)‖2. (1)

In this paper, for brevity, we sometimes refer to the coordinate discrepancy as a
discrepancy. Denote by R ⊂ R

2 the region of interest, i.e. the previously known set of
the points of Iideal occupied by the image of the scene’s target object (document or its
parts, car number, building, etc.).

1. Justification of Maximal Coordinate Discrepancy as Accuracy

Criterion of Image Normalization

1.1. Optical Recognition of Fixed Structured Documents

By the problem on optical recognition of a document we mean the problem on
recognizing textual content of the document on the basis of a photograph taken from
an arbitrary angle [24], i.e. in the presence of significant projective distortion.

44 Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2020, vol. 13, no. 3, pp. 43–58



ПРОГРАММИРОВАНИЕ

Fig. 1. General scheme of transformations, where Iinput is a photograph of a document
taken from an arbitrary angle, Iideal is the ideally normalized image, Ipract is the practically
normalized image and its recognition

Fig. 2. Coordinate discrepancy. Left: Ipract is the almost normalized image, where the
region of interest R is bounded by the frame. Right: V(r)− r, r ∈ R, is the displacement
vector field, where coordinate discrepancy d(r) is shown in shades of gray

We say that a document is fixed structured, if text content of the document is grouped
into text fields with a known font size and position on the document. Fixed structured
documents include bank cards, driver’s license, national and foreign passports, insurance
certificates, birth certificates, ID cards, plastic passes, etc. A priori knowledge of the fixed
structure of a document significantly improves the quality of recognition. For brevity, we
refer to the problem on optical recognition of fixed structured documents as the recognition
problem (see Fig. 1). A system that solves the recognition problem is called a recognition
system.

1.2. Decomposition of Recognition System

As a rule, a recognition system is decomposed into two modules [5,7,8]. Based on the
input image Iinput, the image projective normalization module calculates the estimate Ĥ of

the ideal projective normalization H and applies Ĥ to the image Iinput in order to form the
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almost normalized image Ipract (see Fig. 1). The recognition module receives the almost
normalized image Ipract as input and returns text content of the document fields.

1.3. Uniform Probabilistic Model of Recognition Errors

Let r be coordinates of an arbitrary document character in the image Iideal, then V(r)
are coordinates of the character in the image Ipract. At the same time, for the recognition
module, the coordinates r are known and represent the expected position of the character,
and V(r) represent the unknown actual position of the character. Then the coordinate
discrepancy d(r) = ‖r−V(r)‖2 (1) for the character with the coordinates r corresponds to
the distance between the expected and actual positions of the character in the normalized
image Ipract. Then the probability p of correct recognition of a character decreases with an
increase in the discrepancy d of this character. Character recognition takes place locally
in some window of the image Ipract called a recognition window, whose dimensions slightly
exceed the size of the character itself. If a character does not belong to the recognition
window, then the character can not be recognized. In the simple case, the recognition
window takes place at the coordinates r of the expected character position. But in view
of the fact that the documents do not ideally correspond to the known predetermined
structure, the recognition module can specify the position of the recognition window within
certain limits. In both cases, we assume that the probability p of correct recognition of a
character remains constant up to a certain value of the discrepancy d, and then falls to
zero:

p(d) = p0[d ≤ d0], (2)

where [•] is the Iverson bracket. Such a probabilistic model of recognition errors is called
uniform.

1.4. Statement of Problem on Constructing an Accuracy Criterion of Image
Normalization

In accordance with the modular principle, development of the projective normalization
module should be possible in the absence of the recognition module. To this end, it is
necessary to construct an accuracy criterion of normalization

L = L(Ĥ,H,V, d; Ipract, Iideal; R),

such that the probability P of correct recognition of the entire document depends on L

monotonically decreasing. Fulfillment of this requirement leads to an improvement in the
quality of recognition with a decrease in the value L.

1.5. Construction of Accuracy Criterion of Image Normalization

Each character is recognized independently, therefore, the probability of correct

recognition of the entire document is P =

n
∏

i=1

pi, where pi = p(di) is the probability

of correct recognition of the i-th character. Using uniform probabilistic model (2), we
obtain

P =

n
∏

i=1

p0[di ≤ d0] = pn0 [max
i

di ≤ d0].
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Taking the maximal coordinate discrepancy over all characters of the document max
i

di

as the criterion L, we have the monotonously decreasing dependence of P on L:
P = pn0 [L ≤ d0]. This fact solves the considered problem at any values of the parameters d0

and p0. Since text fields include those and only those areas of the image where recognizable
characters are located, we use max

r∈R
d(r) instead of max

i
di. In this case, the region of interest

R is the set of points of the image Iideal on which the text fields are located.
Therefore, the desired accuracy criterion of normalization is the minimax criterion

equal to the maximal coordinate discrepancy on the region of interest R:

L = L∞(d;R)
def
= max

r∈R
d(r). (3)

This criterion was used in [19] to calculate the accuracy of automatic linking of images
obtained from a geostationary satellite.

2. Calculation of Maximal Coordinate Discrepancy

In this section, we construct an analytical solution to the problem on calculating the
maximal coordinate discrepancy L∞(d;R) = max

r∈R
d(r) for the only important case from

the point of view of the technical vision when the region of interest R consists of polygons,
i.e. R is a two-dimensional polyhedron. Following the terminology of mathematical
programming, the coordinate discrepancy d is called the objective function, and the region
of interest R is called the admissible set. We define the residual projective transformation

V in Cartesian coordinates by the homogeneous homography matrix V
def
= (vij) ∈ R

3×3:

V(r)
def
=

[

v11x+ v12y + v13
v21x+ v22y + v23

]

v31x+ v32y + v33
. (4)

Denote by l∞ the horizon, i.e. the line on the plane of the image Iideal having the equation
v31x + v32y + v33 = 0. The denominator of the transformation V is 0 on l∞ and only on
l∞ (see equation (4)). For definiteness, assume that

r ∈ l∞ =⇒ d(r)
def
= +∞. (5)

Now we describe the problem on calculating the maximal coordinate discrepancy (3):

L∞(d;R) = max

∥

∥

∥

∥

∥

∥

∥

∥









x−
v11x+ v12y + v13

v31x+ v32y + v33

y −
v21x+ v22y + v23

v31x+ v32y + v33









∥

∥

∥

∥

∥

∥

∥

∥

2

,

[

x

y

]

∈ R. (6)

In this problem, the objective function is neither linear fractional, nor (quasi) convex, nor
(quasi) concave (see Fig. 2). Therefore, problem (6) belongs to the general class of nonlinear
programming problems only [25]. The linear fractional programming (LFP) problem [26]

max

(

v11x+ v12y + v13

v31x+ v32y + v33

)

,

[

x

y

]

∈ R (7)

is the closest to (6) known problem. Let us solve problem (6).
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2.1. Maximal Coordinate Discrepancy on Bounded Closed Region of Interest
in Affine Case

Consider a particular case of problem (6), when the transformation V is affine.

Theorem 1. Let V be an affine transformation of the Euclidean plane R
2, R ⊂ R

2 be a

nonempty bounded closed set. Then the maximum of the function d(r) = ‖r − V(r)‖2 (1)
on the set R is achieved on the set of extreme points of the convex hull E(Conv(R)) of the

set R:

max
R

d = max
E(Conv(R))

d. (8)

Proof. Since the transformation V is affine, then the function d is convex on R
2. Therefore,

the statement is a particular case of Theorem 4 (see Appendix A).

✷

Now consider our particular case when R consists of polygons. The convex hull of a
union of polygons is a polygon. The extreme points of a polygon are its vertices {ri}ni=1.
Therefore, according to (8),

max
R

d = max
{ri}ni=1

d. (9)

The asymptotic complexity of computing (9) is Θ(n) operations.

2.2. Failure to Achieve Maximal Coordinate Discrepancy at Extreme Points
of Convex Hull of Bounded Closed Region of Interest in Projective case

The natural question is whether Theorem 1 remains true in the case when the residual
transformation V is projective. The answer is no. In order to illustrate this fact, consider
the following counterexample (see Fig. 3). Let

V =





2 0 0
−1 2 4
−2 0 10



 =⇒ V(r) =
1

−2x+ 10

[

2x
−x+ 2y + 4

]

,

and the region of interest be the rectangle R = [0, 4]× [0, 1], then the extreme points of the

convex hull of R are E(Conv(R)) =

{[

0
0

]

,

[

4
0

]

,

[

4
1

]

,

[

0
1

]}

. Then the maximal coordinate

discrepancy on R exceeds the maximal coordinate discrepancy on E(Conv(R)):

max
R

d ≥ d

([

2
1

]

∈ R

)

=

√
17

3
> 0.4 = max

E(Conv(R))
d =⇒

max
R

d > max
E(Conv(R))

d,

which contradicts statement (8) of Theorem 1. Therefore, in the projective case, the
solution to problem (6) is not necessarily achieved on E(Conv(R)). However, the solution
to LFP problem (7) is necessarily achieved [27,28]. In this sense, problem (6) is not reduced
to LFP problem (7).
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Fig. 3. Counterexample to the hypothesis of achieving maximal coordinate discrepancy at
extreme points of the convex hull of a bounded closed admissible set in the projective case

2.3. Maximal Coordinate Discrepancy on Bounded Closed Region of Interest
in Projective Case

As shown above, Theorem 1 is not true in the case when the residual transformation
V is projective. However, for such a case, the following theorem is true.

Theorem 2. Let V be a projective transformation of the projective plane RP2, R ⊂ RP2

be a nonempty bounded closed set. Then the maximum of the function d(r) = ‖r−V(r)‖2
on the set R is achieved on the boundary ∂R of the set R:

max
R

d = max
∂R

d. (10)

Proof. If the projective transformation V is affine, then statement (10) follows from
Theorem 1. Consider the case when the projective transformation V is not affine. In
this case, v231 + v232 > 0. Introduce a family of parallel lines of the form l(c) = {r : v31x +
v32y + v33 = c}. The family covers the entire plane R

2, therefore the desired maximum is

achieved on a line that belongs to the family. Let l∗
def
= l(c∗) be such a line, X

def
= l

∗ ∩R be
the intersection of the line and R, then

max
R

d = max
X

d. (11)

Consider the properties of the function d on the line l
∗. If c∗ = 0, then d(r) = +∞ by

definition (5). But the line l
∗ intersects the admissible set R, as well as its boundary ∂R

(since R is bounded and closed), therefore the maxima of d on R and on ∂R are infinity,
i.e. are equal. Next, consider the case of c∗ 6= 0. Then, on the line l

∗, the function d is the
root of a non-negative quadratic function (in the particular case, the latter function is a
constant)

d(r) =

√

(

x− v11x+ v12y + v13

c∗

)2

+

(

y − v21x+ v22y + v23

c∗

)2

,

i.e. d is convex. On the other hand, since R is bounded and closed, then the set X = l
∗∩R

is also bounded and closed. Then, by Theorem 4 (see Appendix A), the maximum of the
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function d on X is achieved at the set of extreme points of the convex hull E(Conv(X))
that belong to the boundary ∂R included in R, i.e.:

max
X

d = max
E(Conv(X))

d ≤ max
∂R

d ≤ max
R

d. (12)

Note that X is the set of segments along which the line l
∗ intersects the set R, then its

convex hull Conv(X) is the segment as well, and E(Conv(X)) is the pair of its endpoints.
Statement (10) follows from (11) and (12).

✷

By analogy, we can prove that Theorem 2 is true for any finite dimension.
In the case of a bounded closed region of interest R, statement (10) of Theorem 2

allows to search for the maximal coordinate discrepancy only on the boundary ∂R of the
region of interest R.

2.4. Maximal Coordinate Discrepancy on Union of Polygons

Based on Theorems 1 and 2, we analytically calculate the maximal coordinate
discrepancy on a union of polygons. Let V be a projective transformation of the projective
plane RP2, R ⊂ RP2 be a union of polygons. The problem is to calculate analytically the
maximal coordinate discrepancy d(r) = ‖r− V(r)‖2 on R (3):

L∞(d;R) = max
R

d. (13)

Let us solve this problem. If the projective transformation V is affine, then, following
Theorem 1, the analytical solution is given by formula (9). Next, we consider the case
when the projective transformation V is not affine. Then v231+v232 > 0 and there exists the
horizon l∞ on which the discrepancy d = +∞. If the horizon l∞ intersects the set R, then
l∞ intersects the boundary ∂R (since R is bounded and closed), therefore L∞(d;R) = +∞.
Next, we consider the case when the horizon l∞ does not intersect the set R. Then,
following Theorem 2, we can replace original problem (3) on finding the maximum on the
set R with the problem on finding the maximum on the boundary ∂R:

L∞(d;R) = max
∂R

d.

But the boundary ∂R of the union of polygons R consists of the segments {Si}ni=1, therefore

L∞(d;R) = max
i

max
Si

d.

Denote mi
def
= max

Si

d, then

L∞(d;R) = max
i

mi. (14)

Therefore, problem (13) is reduced to the problem on finding the maximal coordinate
discrepancy d on the segment S: m = max

S
d. Denote the endpoints of the segment S by

r1 =
[

x1 y1
]T

and r2 =
[

x2 y2
]T

. Since the coordinate discrepancy is differentiable, then
the maximum of the discrepancy on the segment S is achieved either at the endpoints of
S or at the stationary points {r∗j}Jj=1 of the squared discrepancy d2:

m = max{d(r1), d(r2), d(r∗1), d(r
∗
2), · · · , d(r∗J)}. (15)
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Find the stationary points {r∗j}Jj=1. After parametrization of the segment S as the convex
hull of its endpoints

r(t) =
[

x(t) y(t)
]T

= (r2 − r1)t+ r1, t ∈ [0, 1], (16)

the squared discrepancy on the segment is written as follows:

d2(t) =

(

x(t)− v11x(t) + v12y(t) + v13

v31x(t) + v32y(t) + v33

)2

+

(

y(t)− v21x(t) + v22y(t) + v23

v31x(t) + v32y(t) + v33

)2

.

Denote
∆x = x2 − x1, ∆y = y2 − y1,

kx = v11∆x+ v12∆y, bx = v11x1 + v12y1 + v13,

ky = v21∆x+ v22∆y, by = v21x1 + v22y1 + v23,

kz = v31∆x+ v32∆y, bz = v31x1 + v32y1 + v33

and obtain

d2(t) =

(

∆xt + x1 −
kxt+ bx

kzt+ bz

)2

+

(

∆yt+ y1 −
kyt + by

kzt + bz

)2

.

In order to find stationary points, we equate the derivative to zero:
d(d2(t))

dt
= 0,

(

∆xt + x1 − kxt+bx
kzt+bz

)(

∆x− kxbz−kzbx
(kzt+bz)2

)

+
(

∆yt+ y1 − kyt+by
kzt+bz

)(

∆y − kybz−kzby
(kzt+bz)2

)

= 0.

Denote
hx1 = kz∆x, hx2 = kzx1 + bz∆x− kx, hx3 = bzx1 − bx,

hy1 = kz∆y, hy2 = kzy1 + bz∆y − ky, hy3 = bzy1 − by,

hx4 = k2z∆x, hx5 = 2kzbz∆x, hx6 = kzbx − kxbz + b2z∆x,

hy4 = k2z∆y, hy5 = 2kzbz∆y, hy6 = kzby − kybz + b2z∆y,

c0 = hx3hx6 + hy3hy6,

c1 = hx2hx6 + hx3hx5 + hy2hy6 + hy3hy5,

c2 = hx1hx6 + hx2hx5 + hx3hx4 + hy1hy6 + hy2hy5 + hy3hy4,

c3 = hx1hx5 + hx2hx4 + hy1hy5 + hy2hy4,

c4 = hx1hx4 + hy1hy4

and obtain

c0 + c1t+ c2t
2 + c3t

3 + c4t
4 = 0. (17)

Among the real roots of equation (17), it is necessary to consider only those that satisfy
the above restriction: t ∈ [0, 1]. Substitute the roots into (16) and obtain the stationary
points {r∗j}Jj=1. Then, we use formula (15) to find the maximal coordinate discrepancy on
the segment. This procedure should be repeated for all segments forming ∂R, and then
formula (14) is enough to calculate the maximal coordinate discrepancy.

Therefore, we proposed an analytical method for calculating the maximal coordinate
discrepancy L∞(d;R) in the case when the region of interest R is a union of polygons. The
asymptotic complexity of the proposed method is Θ(n) operations, where n is the total
number of vertices of the polygons from R.
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Conclusion

In this paper, we introduce and justify a mathematical model of a system to recognize
a fixed structured document from a photograph taken from an arbitrary angle. Within the
framework of the introduced mathematical model, we prove that the accuracy criterion
for normalization of photographs, which is equal to the maximal coordinate discrepancy
in text fields of the document, monotonically depends on the probability of further correct
recognition of the entire document. Also, we show that the problem on calculating the
maximal coordinate discrepancy is not reduced to the nearest known one, i.e. LFP problem.
In addition, we prove the theorem that reduces the problem on maximization of the
coordinate discrepancy on a bounded closed set to maximization of the discrepancy on
the boundary of the set only. Finally, we obtain an analytical solution to the problem on
calculating the maximal coordinate discrepancy on the union of polygons. The results
can be used both to construct image normalization methods and to develop image
normalization accuracy criteria.

Appendix A: On Maximum of Quasiconvex Function on Bounded

Closed Set

Theorem 3. Let X ⊆ R
n be an arbitrary nonempty set, f be a quasiconvex function

defined on Conv(X) as well:

dom f ⊇ Conv(X). (18)

Then

sup
X

f = sup
Conv(X)

f. (19)

Proof. Denote the supremum of f on X by

s
def
= sup

X

f, (20)

then

f(r ∈ X) ≤ s. (21)

Taking into account (18), consider all the points of Conv(X), the value of f at which does
not exceed the supremum of f on X:

Xs
def
= {r ∈ Conv(X) : f(r) ≤ s}, (22)

then

Xs ⊆ Conv(X) (23)

and

f(r ∈ Xs) ≤ s. (24)

It follows from X ⊆ Conv(X) and (21) that X satisfies all the restrictions of the definition
of Xs (22), therefore,

X ⊆ Xs. (25)
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But Xs is convex, since f is quasiconvex. Therefore, Xs is a convex set containing X. Then
Conv(X) ⊆ Xs as the smallest convex set containing X. Hence, taking into account (23),
we have

Xs = Conv(X). (26)

It follows from (20) and (25) that sup
Xs

f ≥ s, therefore, taking into account (24), we obtain

sup
Xs

f = s. (27)

Statement (19) follows from (20), (26) and (27).

✷

Theorem 3 can be used in both directions: to replace X with (as a rule) a more simple
set Conv(X) and to replace Conv(X) with (as a rule) the significantly smaller set X.

Next, define an extreme point of a convex set C in a real vector space as a point that
is not the middle of a segment in C.

Theorem 4. Let X ⊆ R
n be a non-empty bounded closed set, f be a quasiconvex function

defined on Conv(X) as well:

dom f ⊇ Conv(X).

Then

sup
X

f = sup
E(Conv(X))

f, (28)

where E(C) is the set of extreme points of the convex set C.

Proof. Denote

C
def
= Conv(X). (29)

Since the set X is bounded and closed, then the set C is bounded, closed and convex
(Caratheodory’s theorem [29]). Following Corollary 18.5.1 of the monograph [30], the set
C is the convex hull of its extreme points:

C = Conv(E(C)). (30)

Substitute (29) into (30) and obtain

Conv(X) = Conv(E(Conv(X))) =⇒

sup
Conv(X)

f = sup
Conv(E(Conv(X)))

f. (31)

Applying Theorem 3 to both parts of (31), we obtain statement (28).

✷

Theorem 4 is close to statements given in the section “Maxima of convex functions” of
the monograph [30], but, unlike these statements, does not require the convexity of f and
X. In addition, Theorem 4 does not require the connection of the set X.
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МАКСИМАЛЬНАЯ НЕВЯЗКА КООРДИНАТ КАК КРИТЕРИЙ
ТОЧНОСТИ ПРОЕКТИВНОЙ НОРМАЛИЗАЦИИ ИЗОБРАЖЕНИЯ
ПРИ ОПТИЧЕСКОМ РАСПОЗНАВАНИИ ДОКУМЕНТОВ

И.А. Коноваленко1,2, В.В. Кохан1,2, Д.П. Николаев1,2

1Институт проблем передачи информации им. А.А. Харкевича РАН, г. Москва,
Российская Федерация
2ООО Смарт Энджинс Сервис, г. Москва, Российская Федерация

Общепринято применение проективной нормализации (частный случай ортокор-
рекции и коррекции перспективы) к фотографиям документов для их последующего
оптического распознавания. При этом неточности нормализации могут приводить к
ошибкам распознавания. На сегодняшний день в литературе предложен ряд критериев
точности нормализации, однако их соответствие качеству распознавания не исследует-
ся. В данной работе для случая документа фиксированной структуры обосновывается
равномерная вероятностная модель ошибок распознавания, в соответствии с которой
вероятность верного распознавания символа скачком падает до нуля с ростом невязки
координат этого символа. Для этой модели доказано, что критерий точности норма-
лизации изображения, равный максимальной по текстовым полям документа невязке
координат, монотонно связан с вероятностью верного распознавания всего докумен-
та. Показано, что задача вычисления максимальной невязки координат не сводится
к ближайшей известной, т.е. задаче дробно-линейного программирования. Наконец,
впервые получено аналитическое решение задачи вычисления максимальной невязки
координат на объединении многоугольников.

Ключевые слова: ортокоррекция; коррекция перспективы; проективная нормали-

зация изображений; оптическое распознавание символов; критерии точности; невяз-

ка координат; нелинейное программирование.
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