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Abstract

This paper proposes to use zooming function of digital
cameras for robust character recognition and to control
focal length for improving the performance even in dim
light conditions. For this purpose, we determine the opti-
mum focal length vs. camera-object distance through
several recognition experiments. Recognition perform-
ance for insufficient illuminated images can be enhanced
by adopting the optimum focal length. Experiments in-
volving multiple fonts show that our method improves the
recognition rates over a wide range of camera-object dis-
tances and illumination variations.

1 Introduction

This paper proposes to use control function of digital
cameras for character recognition in scenes. In recent years,
the performance of digital video cameras and digital still
cameras has been improved and such devices are now in
wide use. It is natural to improve recognition performance
by more fully utilizing the advanced camera control func-
tions such as zoom and iris control offered by modern
cameras.

A character recognition system is composed of an image
capturing part and an image recognition part. The former
part is the target of this study, while the latter has been
examined in many literatures on character recognition.
Some previous papers on recognition using digital cameras
focused on novel utilization of camera functions. Nakajima
et al. proposes a method for recognizing documents that
joins adjacent image frames without using image-based
mosaic technique [1]. Fujisawa et al. proposes a concept of
language translator: a digital camera with character recog-
nition and recognition functions. They review the possible
technical approaches for camera control such as zoom and
auto-focus [2].

In contrast, this paper aims at enhancing recognition
performance by controlling the camera functions auto-
matically. Zooming-in may improve the recognition
performance, however it has not been confirmed that
zooming-in always works well in various environmental
conditions such as illumination conditions, distances be-
tween camera and object, and reflectance properties of the
object’s surface. In this paper, we consider a digital still
camera to be an input part of character recognition system
and aim to control focal length for recognizing characters
under insufficient illumination conditions, such as twilight
hours, cloudy days, because zooming-in may cause shading
and blurring on the images. An example of binarized im-
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ages, which were taken with zooming-in, is shown in Fig. 1.
Fig. 1 shows that zooming-in degrades contrast and causes
shading at the peripheral area of the image under insuffi-
cient illumination, thus its binarized image is degraded.
This paper proposes a method to optimize the focal length
(or zoom parameter) for accurate recognition under dim
light conditions.

The recognition results show that our method improves
the recognition rates of character images over a wide range
of camera-object distances for different illumination levels.

This paper is organized as follows. Section 2 gives a
brief review of the problems of zooming-in. Section 3 pre-
sents a recognition system that uses our proposed method.
Section 4 describes how to determine the optimum focal
length from a character image. Section 5 evaluates the
proposed method. Our assessment of zoom control for
character recognition is given.

2 Problems with Zoom Control in Recognition

As an example of character recognition in a 3D scene,
imagine a tourist with a camera that has a built-in character
recognition function. The camera is used to read small
characters on a bulletin board far from the tourist. Since the
characters are enlarged by zooming-in, it can be expected
that the recognition rate would be improved. However,
when the weather is bad and/or image brightness is insuffi-
cient, zooming-in may not improve the recognition rate.
This section first analyzes the relationships between focal
length and illumination level at the light-receiving element
of the camera using an optical model. It then investigates
the characteristics of recognition.

We assume a single lens camera model for simplicity so
that the illuminance falling on the light-receiving element
of the camera can be modeled as:

P

B=Eod 2t . (1)
4 Fp
where Ep represents the illuminance at the light-receiving

element, L is the irradiance of the viewed object's surface
per unit area, ¢ is the angle between object surface and
camera optical axis, p is the radius of the lens,
and Fp represents the focal length of the camera [4]. From
the equation, it is found that the illumination level de-
creases as the focal length increases (corresponding to
zooming-in), and it is also found that this effect is most
clearly seen at areas where ¢ is large (i.e. the corners of
the image) because of the cos*@ characteristics. In the
case of zoom lenses, Amano et al. [9] shows that shading
around the edge of an image is induced by vignetting dis-
tortion rather than by the cos'# characteristics. He
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proposes the variable cylinder model that can describe vi-
gnetting distortion characteristics.

These two models indicate that zooming-in causes im-
age shading and lowering brightness. Fig. 1 shows shading
around the edge of an image. It is obvious that the shading
is produced as the focal length (the degree of zoom-in) is
increased. Fig. 2 shows the brightness variations of the
character images of the cardboard shown in Fig. 1. Because
the area of background is larger than that of characters, a
peak of the frequency appears in higher gray-level side in
Fig. 2. The figure shows that the longer the focal length,
the darker the image. As to our preliminary experiments,
however, both the cos'@ characteristics and vignetting
distortion model cannot hold for accurately describing the
phenomenon of the brightness lowering because image
brightness is controlled automatically by digital still cam-
era function.

From the viewpoint of character recognition, shading
hinders the segmentation of characters from images; low
brightness degrades binarization. That is, zooming-in under
dim light conditions may lead to lower recognition accu-
racy. To maximize the recognition accuracy, a method that
finds the optimum focal length is proposed.
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Fig. 1 An example of bin d image (focal
length: 37.8 mm, threshold: 40, cam-

era-distance: 454 cm, illuminance: 50 /x).
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Fig. 2 Variation of 256 gray level histogram
of Fig.1 by changing the focal length.

3 System Considered

Fig. 3 shows our proposed recognition system. Our re-
search is directed towards how to estimate the optimum
focal length for this system. First, the picture is taken at an
initial focal length f0 and binarized. Second, the system
yields an average character size s0 in the image and then
the distance between camera and object is estimated from
the character size. Then, the optimum focal length f* is
estimated by referring predetermined “focal length table”.
Finally, the characters are again captured using the opti-
mum focal length, f*, and the characters of the images are
recognized

In this paper, instead of an information board, we use a
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sheet of cardboard on which the characters shown Table 1
are printed. The sheet is posted on a wall in a room. The
sheet size and character printing size is known. The sheet is
captured as a single frame image. The character images are
manually clipped from the full picture image.

1. Capturing image at initial focal length f0

v

2. Measuring average character size and estimating
camera-object distance
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3. Optimum focal length table
obtained by learning data :
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4. Estimating optimum focal length f*
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5. Capturing image at f*
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6. Recognizing characters

Fig. 3 Recognition system using zooming.

4 Method of Adjusting Focal Length

4.1 Focal Length Table

This section describes a method to obtain a "focal length
table" representing a relationship between an optimum
focal length and camera-object distance. To examine the
characteristics of recognition rate and focal length, both
illumination levels and camera-object distances were
changed. The conditions of image acquisition are shown
in Table 1. Then, the recognition rate was calculated using
learning data of character images. The specification of
recognition algorithm is shown in Table 2. To pick out
some appropriate recognition processes on table 2, some
conventional processes were tested for this digital still
camera. Fig. 4 shows examples of fonts used in our ex-
periments. The camera-object distances and illumination
levels were chosen according to preliminary experiments.
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Fig. 4 Example of 20 fonts.
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Fig. 5 illustrates the recognition performance at a cam-
era-object distance of 454 cm. It shows that at 200 Ix,
zooming-in continually improves the recognition rate until
zooming-in makes the camera finder full with the image.
At 50 Ix and 70 [x, on the other hand, a peak of recognition
rate can be seen, and the fact shows that the optimum focal



length exists to achieve the highest recognition rates for
low-illuminated images. Through the experiments the op-
timum focal lengths at other camera-object distances can
be found out as well. As shown in Fig. 5, the experiments
showed that the optimum focal length for one cam-
era-object distance is not sensitive to illumination changes.
It seems appropriate to define one optimum focal length for
one camera-object distance, regardless of illumination
changes. Thus, the characteristic of optimum focal length is
drawn simply by camera-object distance as shown in Fig.
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Fig. 5 Recognition rate at different illumina-
tion levels: 50, 70, 200 Ilx, camera-object
distance: 454 cm.
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Fig. 6 Estimating optimum focal length from
camera object distance at f! = 35.2 mm.

4.2 Estimating Optimum Focal Length

For obtaining one optimum focal length of an unknown
image, we must determine the distance between camera
and object. In this study we assume the font size is known
and fixed. Therefore, we can estimate the distance from the
character size in the captured image. (When the proposed
method extended to variable font size characters, tech-
niques of depth-from-focus and depth from stereo will be
more appropriate for the distance estimation.) Table 3
shows the relationship between camera-object distance and
average character size. The camera-object distance of an
unknown image is estimated by interpolation from the ta-
ble. Finally, using Fig. 6 we can obtain optimum focal
length f* for the captured image.

To take the above example, when the system takes a
picture of characters from unknown distance at f0, it yields
50 by averaging all of height and width in the image. And
the system calculates the distance at 50 from Table 3 using
linear regression analysis. Then, with this calculated dis-
tance, the system estimates an optimum focal length, f¥, as
28.5 mm, using linear regression analysis through the data
points on Fig. 6.
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5 Evaluation of Proposed Method

The experiments to evaluate the proposed method were
performed under the conditions shown in Tables | and 2,
and its performance was compared with a case that the
focal length is so large as to maximize the image within the
camera finder. Some of the fonts in Table 2 are the same or
similar to the fonts in reference [5]. 520 characters (26 al-
phabet capital characters of 20 fonts) were printed
randomly on 20 lines on cardboard, and captured in a sin-
gle frame image. The illumination levels were 60, 100 Ix
and camera-object distances are 283, 400, and 536 cm. The
focal length was determined using three methods: A. pro-
posed method, B. zooming-in so that the characters filled
the viewfinder, C. default (7 mm).

Character recognition part used in our experiments con-
sists of input image binarization, character segmentation,
character aspect size normalization, and feature vector cal-
culation. Templates were made from a full-sized picture
image in viewfinder, whose camera-object distance was
120 cm and illumination level was 200 [x. The distances
between each input feature vector and a set of stored tem-
plates were calculated. The system output the category of
the corresponding template whose distance is minimum.
Input images include 20 font sets. For strict evaluation,
leave-one-out procedure was used, this means the font used
in the input character image was not included in the dic-
tionary.

The experimental results are shown in Table 4. The re-
sults show that our method improves the recognition rates
over a wide range of camera-object distances for different
illumination levels by contrast with the way using zoom-
ing-in (see Table 4).

For example, at the illumination level of 60 /x and the
camera-object distance of 400 cm, method B achieved the
recognition rate of 76.5%; its focal length was 32.6 mm.
Method A (proposed method) achieved the recognition rate
of 80.6%; its focal length was 30.5 mm"™. Both the initial
focal length, f0 of method A and method B are the same.
Method C (7 mm focal length) yielded the lowest recogni-
tion rate.

To confirm effectiveness of the proposed method against
image shading and blurring caused by insufficient illumi-
nation, we evaluated local characteristics by dividing one
image into 9 regions and calculated the recognition rate of
each region (Table 5). It was shown that proposed method
improved the recognition rate at the peripheral area of the
image, while the recognition rate of the center area main-
tained compared with the case of maximum image
enlargement.

6 Conclusion

We proposed a method that estimates the optimum focal
length for enhancing character recognition performance
using images captured under low-light conditions. The op-
timum focal length is estimated from calculated
camera-object distance based on character size in an image.
From the two experiments it was confirmed that our pro-
posed method improves the recognition rate of degraded
images caused by illumination variation. The results con-

*4 Although the estimated focal length using the proposed algo-
rithm was 29 mm, the value of 30.5 mm was available to be
chosen.



tribute to designing a camera system with a character rec-
ognition function. As the first step of our study, we
assumed that the character size printed in the object is fixed
and known. To find elementary problems of a camera
system, conventional recognition processes were used. Our
on-going study is to extend the method to handle the case
wherein character size and reflection property of the object
vary.

Table 1 Experimental data and camera specification

Characters Capital characters: 26 of 20 fonts
Print size: 48point
Digital still | CANON Power Shot-Pro901S
camera 1024x768pixels, optic zoom: 7-70 mm
shutter speed: 1/25sec, diaphragm:f.2.8
no flash, no digital zoom
Image 256 gray levels

Table 2 Specification of recognition part

Size normalization Adjustable aspect ratio,
48x48pixels Binarized image
Feature Local Direction Contributivity
Distance  measure- | Euclidian distance
ment
Templates Number of templates: 26 characters
of 20 fonts
Binarized image
Camera-object distance: 120 cm
Evaluation  proce- | Leave-One-Out
dure

Table 3 Camera-object distance and average char-
acter size.

Camera-object  distance | 120 [ 219 | 346 | 454 | 600
(cm)

Character size (pixels) at [ 48.2 | 26.5 | 16.5 [ 129 | 9.8
JfO0=352mm

Table 4 Results of evaluation (A: proposed method,
B: maximum zooming, C. default (7 mm) )

[Mumination(lx) | 100 100 100 | 60 60 60
Distance (cm) 283 | 400 | 536 | 283 | 400 | 536
Recognition rate (%)

A 82.7 | 81.7 | 81.9 | 80.6 | 80.6 | 73.5
B. 812 | 754 | 71.7 | 769 | 76.5 | 729
C. 381 | 33 37 29 3.8 3.7
Focal length (mm)

A. estimation 22 285 | 40 22 29 39
A. manual work | 224 | 31.1 | 396 | 23.7 | 305 | 41.8
B. zoom-in 248 | 352 | 478 | 252 | 32.6 | 46.5
C. default 7 7 7 7 7 7

Table 5 Recognition rates for nine region. The pa-
rentheses denote the number of characters at each
region (Camera-object distance: 400 cm, illumi-
nance: 60 [x).

(a) proposed method:
Left Middle Right
Upper 89.6(48) 80.0(60) 75.0(48)
Middle 84.4(64) 75.0(80) 62.5(64)
Lower 95.8(48) 83.3(60) 68.8(48)
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(b) maximum zooming:

Left Middle Right
Upper 83.3(48) 90(60) 87.5(48)
Middle 82.8(64) 75.0(80) 62.5(64)
Lower 75(48) 60.0(60) 58.3(48)
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