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We discuss a pointing system, the viewing tablet, that
enables input or instructions to be given to informa-
tion system by the operator viewing a sheet object and
pointing out its position in the field of vision. The
operator has a small video camera that picks up an
image of the partial area including the viewing posi-
tion and points out an object in the field of vision. The
viewing tablet processes the partial area image on the
object including the viewing position to detect the po-
sition in a part pointed out with a finger and gives
input or instructions to information system. A trans-
parent space code sheet is overlapped for use that is
added with position information on the sheet object
to determine the position in the object from the partial
area image. We studied the basic technique required
for this pointing system and confirmed its feasibility.
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1. Introduction

Information systems have progressed dramatically and
are now widely disseminated from business to the home,
providing a wide range of applications to many different
users.

Information systems are now indispensable to every
one, but a serious problem exists concerning on the digt
tal divide between users and nonusers.

To solve this problem, information systems should en
able users to express intentions or instructions in a way
close to accurate, natural motion.

Being able to give input or instructions to information
systems by pointing in the user’s field of vision is ex
pected to help solve this problem and lead to new appli
cations. We propose a pointing system called theViewing
Tablet.

2. Communication between People and In-
formation Systems

People communicate through gestures and language to
smoothly convey their intentions. An example is directly
pointing out an object in a person’s field of vision using
words and gestures such as "this" or "that".

This implies the naturalness of this communication. In
other words, pointing to a sheet object in the field of
vision directly with a finger is familiar to everyone and
useful in communication between users and information
systems.

The mouse and keyboard are representative of input
and instructions widely used with information systems.
However, since operations using the keyboard or mouse
involve a pattern in which the point of view differs from
the operating position, it is difficult to get natural opera
tion and requires training.

Another typical pattern of pointing out an object with
a finger for input or instructions is the touch panel, which
lets the point of view agree with the operating position,
leading to natural operation. It does not require training
but it is limited to specific places or conditions for use
and is difficult to apply to a variety of real sheet objects.

To overcome the difficulty of the touch panel and to
real sheet objects (e.g., catalogs or books), some video
tablets have been developed that add a one- or two-di
mensional code to a sheet object, picked up with a video
camera as video information and processed as an image
for input and instructions’”.

For these input or instructions, devices are fixed in a
specific environment and users cannot give input or in
structions without this environment, preventing random
or free use from a view of vision at any location.

"A Letter Input System of Handwriting Gesture™ ex-
tracts changes in the finger position and recognizes them
as characters from finger movement and input as code
information. The concept of this approach differs our,
which targets input or instructions by pointing out a pe
sition in a sheet object with a finger.

Other approaches are considered that use a transparent
tablet as a method to give input or instructions by point
ing out a sheet object with a finger in the user’s field of



vision.

The transparent tablet requires position detection in
advance, which requires a position detection sensor, an
arithmetic unit for coordinate positions and a power sup
ply. This method enables input or instruction to be given
on a sheet object in the field of vision with a finger, but
there are limitations on the range of use and time. It has
different setup conditions from we.

We propose implementation of input or instructions
that enables natural operation where the viewing point of
the user agrees with the operating position, leading to the
development of the Viewing Tablet enabling input or
instructions to be given by pointing out a sheet object in
the user’s field of vision.

For this Viewing Tablet, the operator has a small
video camera that picks up a partial area including the
viewed location and points to a particular area with a
finger on a sheet object within the user’s field of vision.

The viewing tablet processes the partial area image on
the sheet object including the picked up viewed location
and detects the position pointed out with a finger in the
object to give input or instructions to information system.
It is overlapped with a transparent Space Code Sheet for
position information added to the sheet object to deter
mine the position in the object from the partial area im
age.

3. Viewing Tablet

The Viewing Tablet deals with the inside of the user’s
field of vision just like a tablet and is a pointing system
that enables the user to give input or instructions to in
formation system by pointing out the viewing area on a
sheet object in the user’s field of vision.

3.1. Overview of Viewing Tablet

As a specific pattern for use, the viewing tablet is used
to point out information stored in information systems in
relation to the position in the page of brochures or books.
It makes it easy to relate information in information sys
tems to the position in existing catalogs or brochures.

The configuration below is typical of implementation
patterns of this system.

The first component is a pickup means of capturing
the video of a part on a sheet object that is of interest to
the user. This uses a CCD camera on the head or eyeglass
frame of the user to obtain the video of the central field
of vision (view of interest and surroundings). Even if the
user moves the point of view, the CCD camera picks up
an area including the position of the sheet object. When
the user points out a sheet object in the user’s field of
vision with a finger, the obtained video contains the area
image containing the viewing position in the object and
the finger image. Thus, it is possible to detect the area
containing a part of interest to the user on the sheet object
and information on the motion pointed (Fig.1).

The second component is a means of detecting the

position in a sheet object pointed out with the user’s
finger. To implement pointing, the system must detect the
position of the pointing point on coordinates fixed to a
sheet object. The video by the above pickup means is a
partial area around the viewing point of the user. By
doing this, it is normally difficult to specify the position
of a sheet object. We devised how to use a transparent
Space Code Sheet with space codes arranged so they is
extracted and recognized by simple image processing
without impairing visibility of an object even if the code
sheet is overlapped and the quality of the image obtained
with the CCD and that they can easily specify the position
in the entire sheet object from the partial video ([Fig.2).
The third component is an additional code to identify
a viewing sheet object. For example, catalog sheets or
book pages are assumed as a viewing sheet object. It is
also assumed that an additional code has been given to
these pages individually for identification of a sheet ob
ject (category) by labeling when they are related to infor
mation in information system. The additional code for the
identification of the category is used to detect and recog
nize processing simply and easily. In this sense,
Umark"'?, a system we previously developed, is effec
tive and the system is discussed using it as an example.

3.2. Operating Procedures and Features

The Viewing Tablet operates as follows:

(1) The user overlaps and sets up a transparentSpace
Code Sheet on a given page of a sheet object such as a
target page of a book or a catalog sheet added with a sheet
object identification (category) code.

(2) The user looks at the category code and points it
out with a finger. The Viewing Tablet processes the
video information picked up by the mounted camera. It
extracts and recognizes the finger of the user and the
category code pointed out with the finger to specify a
sheet object.

(3) The user moves the point of view to a part of
interest on the sheet object and pints out the additional
required information in the field of vision with a finger.
The Viewing Tablet processes the video picked up by the
camera and recognizes the finger of the user and multiple
space codes placed around the finger. Then it specifies a
part on the sheet object to which the pickup part corre
sponds and sets up sheet object coordinates. The position
pointed out with the finger is determined in sheet object
coordinates and contents are accessed that are prepared
to correspond to the particular part to show information
specified by the user on a contents display (Fig.1).

The user has access to intended information and uses
it by combining and repeating the above operations.

The surface of a sheet object is assumed to be distorted
when the user holds a catalog or brochure and looks at it
while pointing out the required information in it.

The viewing tablet does not require distortion corree
tion for the entire sheet object, only for the viewed pickup
area. There is no problem even if the viewing pickup area
is treated as almost flat. Thus, if only turning or rotation
is corrected for the pickup image, distortion is corrected.
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Fig. 1. Viewing tablet.

The Viewing Tablet eliminates conventional cutout
because only the area to which the user pays attention is
picked up but also the capability of obtaining detailed
video information on the viewing area because it is
picked up by the whole CCD area.

The point worth noting is that the CCD specifies the
position in the CCD image, and the position in the entire
sheet object from the partial image of the sheet object
even though the image of the entire sheet object is not
obtained.

The Viewing Table has no problem with the lack of
pickup resolution during recognition and provides precise
analysis because good-quality image data is used for
processing.

3.3. Category Code

The category code specifies a category intended by a
book or catalog. If it is new, it is attached to a page of
the book and does not interfere with page print informa
tion.

It should be simple and extracted and recognized eas
ily and surely.

As an implementation pattern with the specification of
a book or catalog category kept in mind, an attempt was
made to use the graphic code Umark as a category code
added to a sheet object.

The feature of a numerical value represented by
Umark is that the unit of basic numerical code is a dect
mal and that, unlike other widely used one- or two-di
mensional binary code, recognition by the information
system is easy, and generated and recognized by people
(Fig.3).

3.4. Space Code Sheet

Because the position of a sheet object is specified by
the partial image, the Space Code Sheet is printed so it
is overlapped on a transparent sheet for use (Fig.2).

The space code sheet is built up so the position in the
entire sheet object is easily specified from the code on
the sheet partially picked up on the sheet. The code is
extracted and recognized by simple image processing
without interfering with visibility of the sheet object.
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Fig. 2. Space Code Sheet (example of Umark added).
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Fig. 3. Umark code number.

If the sheet contains all different codes, it will be able
to be built up so only recognizing one code that uniquely
specifies the position in the entire sheet object. However,
this increases the number of codes and complicates op
eration, so the visibility of a sheet object may be com
promised and there may be a burden on extraction and
recognition processing. For these reasons, we used a con
figuration to specify the position in the entire sheet object
from multiple adjacent codes rather than from a single
code.

The configuration uses Umark as used for the cate-
gory code as a space code.

As shown in Fig.2, space codes are placed sequentially
from the origin of the XY coordinates (served as the sheet
object coordinates) located right upwards on the Space
Code Sheet left downwards. Thus, each space code is
placed in advance at a given coordinate position in XY
coordinates on the sheet and its position is determined
from multiple adjacent space codes.

If multiple adjacent spaced codes (Umark) is accu-
rately recognized with the CCD camera, the position is
specified in XY coordinates (sheet object coordinates) of
the pickup partial image.

By using the principle of this Space Code Sheet, the
Viewing Table is implemented based on the operation in
the user’s field of vision.

The sections that follow discuss how the position (XY
coordinates) on the Space Code Sheet, that is, the posi-
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Fig. 4. Detection area of space code.

tion on the sheet object coordinates, is specifically deter
mined from multiple adjacent codes detected in the
pickup partial area of the Space Code Sheet, based on
the Space Code Sheet in Fig.2.

Assuming that four codes are detected from the pickup
image as in Fig.4(a) or (b), it is possible to determine
that each of these codes corresponds to a specific partial
area on the Space Code Sheet and to set up the coordi-
nate value of each code from the preregistered table of
coordinate values. Even if only three of four codes are
detected, it is uniquely determined which position in the
Space Code Sheet corresponds to them.

In short, the Space Code Sheet corrects errors so it
can uniquely determine the position on the sheet.

The area picked to implement the actual system is
assumed to contain 3x3 codes on the Space Code Sheet
in Fig.4(c).

The application of the above algorithm is (1) to deter
mine the coordinate value on the pickup image of the
detected codes and (2) to make reference to the preregis
tered table of coordinate values to determine the coord:
nate value on the Space Code Sheet corresponding to the
table.

This enables calculation in relation to the conversion
from pickup image coordinates to coordinates on the
Space Code Sheet. This leads (3) to the conversion from
the finger position detected in the pickup image to that
in coordinates on the Space Code Sheet. This enables
the position pointed out by the user to be detected and
the operation or instruction to be conducted accordingly
(Fig.4(c)).

The code pattern is arranged experimentally in the
form of responding to the pointing resolution from the
size of a finger. It is not essential to follow the code
arrangement, pattern or size , which is set based on the
type of sheet object to be handled.

If a particular code pattern is required, it is imple
mented by a combination of multiple code patterd->'".
Of course, the user may add a different code pattern.

4. Image Processing of Space Code

To specify the position in the entire Space Code Sheet
from a partial image, it is necessary to extract and recog
nize a space code from Space Code Sheet images entered
through the CCD camera. To do this, images entered
through the CCD camera must be digitalized first by the
optimum threshold.

4.1. Digitalization

The threshold must be a proper value for digitalization.
The following are examples that set this digitized thresh
old up automatically.

o P tile

If the approximate area ratio P of the image section in
the image of a sheet object is known, this method deter
mines threshold T so the ratio of white to black pixels in
a binary image becomes P.

e Discrimination analysis

This determines the optimum threshold in a statistical
sense from the density histogram of an image. Interclass
dispersion 6°(k) becomes the maximum by Eq.(1.1) if the
histogram is divided into classes based on a certain
threshold and threshold k should be selected.

(k)= o,(u,— 1) + o,u, - u,,)z ....... (1.1)

n; = Number of pixels at level /
N = Total number of pixels

Pi =ni/N........................ (1.2)
k
O,=YPi ... (1.3)
i=1
L
O,=YPi ... (1.4)
i=k+1
k
Hy=DiPi/ @y oo (1.5)
i=1
L
M, =DiPi/ @, oo (1.6)
i=k+1
L
Mo=S0Pi oo (1.7)

Eq.(1.1) assumes that the density level {1,2, ...L} and
that threshold divides pixels into two classes G and Ci,
that is, level [1,k] and level [k+1,L].

Pi, wy, ©;, W, U1, i 18 described as in Eqs.(1.2)
through (1.7).

The system used discrimination analysis to determine
the digitalized threshold.



4.2. Conversion from Pickup Coordinates to Space
Code Sheet Coordinates

To specify a sheet object position in the field-of-vision
image picked up by the CCD camera, it is necessary to
determine the position in pickup coordinates. Because the
sheet object in pickup coordinates is the one that a sheet
object including the part watched by the user in three-dt
mensional space that is projected on the two-dimensional
pickup surface, it contains distortion such as turning or
rotation. As described in Section 3.4, it is necessary to
convert the position of a user finger that was detected in
the pickup image to the coordinate position in theSpace
Code Sheet for the operation or instruction in accordance
with the finger position.

It is necessary to correct a pickup image including
turning or rotation distortion to the two-dimensional ree
tangular coordinates.

To correct the distortion of coordinates on a sheet ob
ject in three-dimensional space, a method is proposed in
"Matrix"” that the posture in three-dimensional space is
capture by calculating eight parameters for the perspee
tive conversion from specific four vertexes for the coor
dinate conversion and correction of an image.

If the CCD camera picks up two-dimensional code on
a sheet object, a coordinate detection error on the pickup
screen may not be large, but a different error may occur
such that the sheet object is bent so that it is outside the
pickup plane.

Because very few images are picked up without dis
tortions in the real environment, "Matrix" conversion re
quiring 4 specific vertexes to be detected is insufficient
as conversion for this system.

The sections that follow explain conversion applicable
to this system. If two or more space codes are detected
that are adjacent to the partial image of the Space Code
Sheet, their positions corresponding to the sheet, that is,
a set of coordinate values at a point indicated two coor
dinates is given.

Coordinate conversion on the two-dimensional plane
is generally described as in (2.1) and (2.2). Assuming that
the positions of n space codes that were detected on the
pickup surface are (x;, ;) (i=1, ...,n) and that coordinate
values on the Space Code Sheet corresponding to these
positions are (X;, Y;), respectively, the relationship be-
tween (X;, Y;) and (x;, y;) becomes Egs.(2.1) and (2.2). If
ax, by ¢: and a,, by, ¢, are determined, any points on the
pickup surface is converted by this conversion to coordt
nate values on the Space Code Sheet.

X=a x+b -y+c ............. ... 2.1)

i

Yi=a, -x+b -y +c, ... 2.2)

i

If the values of (X, Y;) and (x;, y;) are given by any three
or more space code points (n 2 3), the parameters {a, by,
¢} and {a,, by, ¢,} is found.

In other words, find the parameters ax, bx, cx and ay,
by, cy that minimize the error of mean square J indicated

by Eq.(2.3).

(Assuming 2 = 2 )

J:z“{(ax-xi+bx-yl.+cx—)(l.)2

+(a, x,+b, -y +c - Y]

To find the parameters {a., by, ¢} and {a,, b,, ¢,} that
this J takes the minimum value (extremal value), obtain
Eqgs.(2.4) and (2.5) by setting the result of each parameter
by partial differential to be 0.

>x. Sxy IxYa) (SXx,
PEZAED AR LN EID W ¢ R (2.4)
in Zyi no | ZXz

ZX? ZX{[ in a, ZYRC,-
Sxy. Sy Svi|b = XYyl (2.5)
in Zyi noG ZYI
The coordinate conversion parameters {a., by, cx}

and {a,, b,, ¢,} is found by solving Eqgs.(2.4) and (2.5) as
above.

That is,
-1
a, szz ny i in ZXIxi
bol=| S X S| |2 (2.6)
s in Zyi n z)(’
) -1
a, PEADEAADEANOWES
bl=[Sxy, Svi Sv | S| ... .. (2.7)
& in Zyi n ZYI

()" is an inverse matrix.

5. Verification Experiments

If the viewing position in the entire Space Code Sheet
is detected from the partial image picked up by the CCD
camera, the following (1) and (2) that are its basic tech
niques must be checked for their performance.

(1) Method determine the position in the entire section
from the partial image

(2) Method to correct the relationship between the po
sitions of the sheet object and the camera that is not
constant (due to turning or rotation)

To check (1) and (2) for their performance, we made
verification experiments on the algorithms in 4.1 and 4.2.
A video camera installed on eyeglasses is used in the



Fig. 5. Video camera for experiments.
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Fig. 6. Hardware configuration for experiments.

actual system, but we used the one as shown in Fig.5
containing the CCD device with S-video output.

We used an NTSC color EIAJ, a 1/3-inch color CCD
(380,000 pixels), a motor-driven 12-magnification zoom
lens, F1.8-F2.7, a horizontal field angle of 4.4 to 48.8°,
the nearest pickup distance of 10 mm, the lowest subject
illumination of 7 1x, a horizontal resolution of 460 TV
pieces, and a pan tilt function (horizontal:100°, verti-
cal £25°) as the specifications of the CCD camera. (Mo
tor-driven zoom CCD camera EVI-D30 made by Sony)

Input images were stored in video memory in the
video image-processing unit as in Fig. 6 and CCD image
data (640x480 pixels) was taken sequentially from the
video memory and processed by each coordinate conver
sion program based on digitalization and the method of
least squares.

The NEC VR4131 was used as the CPU, the
IP9OMS800 made by Sumitomo Metal Industries as the
image input and output unit, and WindRiver VxWorks as
the operating system. The VxWorks program develop
ment environment was mounted on the PC server and the
generated code was downloaded into memory via the
network.

5.1. Digitalization

The Space Code Sheet has the space code display
portion treated as opaque with a white correcting fluid
from the back of the sheet. Thus, it is designed to prevent
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Fig. 7. Results of determining digitalized threshold.
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Fig. 8. Space Code Sheet and sheet object (paper added
with category codes).

a mixture of contents with codes even if it is overlapped
on a book page. This design enables a pickup space code
image to be detected by digitalization.

The digitalization program is mounted in CPU mem
ory as shown in Fig.6 and is operated sequentially by the
command line.

If the camera in Fig.5 is actually used to process a
digitalized threshold under the room environment (about
180 Ix) with the algorithm in section 4.1, the digitalized
threshold k=78 is found as shown inFig.7. This threshold
is used for digitalization. The execution time of the digt
talization program is 17 ms.

5.2. Conversion from Pickup Coordinates to the
Space Code Sheet Coordinates

We made experiments on the verification of the prect
sion of converting pickup coordinates to theSpace Code
Sheet coordinates using the Space Code Sheet assumed
for practical use.

The program for this conversion is mounted in CPU
memory as shown in Fig.6 and made available by the
command line for sequential operation.

This program calculates coordinate conversion pa
rameters ax, bx, cx and ay, by, cy by substituting the val
ues of (X;, Yi) and (x;, ;) of three or more points (n = 3)
in Egs.(2.6) and (2.7) based on the method of least
squares in Section 4.2.

Astheexperimentalsetup conditions,aturningdistor



Table 1. Conversion rate of sheet object (category codes).

Rotation Angle Number of Number of Number of Ratio of
Right Transformation NO Transformation Miss Transformation Right Transformation

(+) 30° 100 0 0 100%
(+) 25° 97 1 2 97%
(+) 20° 100 0 0 100%
(+) 15° 97 2 1 97%
(+) 10° 97 3 0 97%
(+) 5° 96 1 3 96%

(+/-) 0° 97 1 2 97%
(-) 5° 98 0 2 98%
() 10° 96 4 0 96%
(-) 15° 94 6 0 94%
(-) 20° 95 3 2 95%
(-) 25° 99 0 1 99%

Table 2. Examples of coordinate conversion coefficients

found by method of least squares.

Parameter Case(1) Case(2) Case(3)
ax 0.512 0.546 0.576
bx 0.073 -0.339 0.044
cX 0.411 7.707 0.380
ay -0.120 0.211 0.059
by 0.498 0.315 0.711
cy 12.707 0.473 0.230

tion occurs mostly in cases where the Space Code Sheet
is put on the desk because the Space Code Sheet held
by the user or put on the desk is assumed.

Rotation distortion of the space code sheet is consid-
ered distortion if it is held by the user or put on the desk.
Since the allowable angle at which the sheet can be natu
rally recognized in the user’s field of vision is within
130°, it was set as the upper limit.

A specific setup condition was set to a gradient angle
of 25° from the horizontal plane, which is equivalent to
a field angle of vision when the Space Code Sheet
(Fig.8) is overlapped on the upper surface of a sheet
object (paper added with category codes) and put on the
desk, and the camera is mounted on the user to reproduce
the environment under which the camera was mounted
on the user. (A turning angle of 65° for the object from
the pickup surface by the camera).

The height of the desk was set to 70.0 cm, the height
of a camera stand to 24.5 cm, the height from the bottom
surface of the camera to the center of the lens to 8.0 cm,
and the distance between the camera stand to the bottom
surface of the Space Code Sheet to 52.0 cm. The camera
was set to autofocus mode in experiments.

Experiments were made so the Space Code Sheet was
overlapped and rotated on category codes added to the
sheet object from +30° to -30° by five degrees to measure
the precision that images picked up 100 times for each
angle were properly converted to the Space Code Sheet

Fig. 9. Case (1): Rotation by (+) 30°.

Fig. 10. Case (2): Rotation by (-) 15°.

Fig. 11. Case (3): Rotation by &)0°.




coordinates.

As a result, the processing time of the conversion pro
gram was 36.5 ms and the results were obtained as in
Table 1. The average correct conversion rate was
97.07%.

The following typical cases were used for rotations to
the camera.

(1) Rotation by (+) 30°

(2) Rotation by (-) 15°

(3) Rotation by (£)0°

Based on these cases, the conversion images were ob
tained from pickup coordinates in Figs.9, 10 and 11 to
the Space Code Sheet coordinates as the results of the
conversion experiments from pickup coordinates to the
Space Code Sheet coordinates Table 2 lists the coordi-
nate parameters {a., by, ¢} and {a,, by, ¢,} in Egs.(2.1)
and (2.2) used for this conversion.

6. Considerations

Results of experiments in Figs.1, 10 and 11 showed
that accurate conversion is made by correcting turning or
rotational distortion from pickup coordinates to the space
code coordinates for the following cases with the space
code categories pointing to the camera in Fig.5.

(1) Rotation by (+) 30°

(2) Rotation by (-) 15°

(3) Rotation by (£)0°

In addition, from Table 1 and the results as above, it
was confirmed that the algorithm and program to convert
pickup coordinates based on the least squares method to
Space Code Sheet coordinates was fully effective in the
recognition of category codes, and as coordinate conver
sion to determine the position in the entire Space Code
Sheet from the partial image of a space code and also
detect the finger pointing position when the user pointed
out a sheet object in his field of vision.

The space code recognition program under the real
environment is confirmed to have a recognition precision
of about 97% in the condition of the ordinary illumination
light (about 180 Ix) in the verification results of
Umark"'” and Ultra Magic Key”.

The program to calculate the position in a sheet object
pointed out with a finger is installed as the basic program
when the Ultra Magic Key” was implemented based on
the endpoint detection method"'® by extracting the dif
ferential image of the finger motion to provide a recog
nition precision of about 85% in the condition of an
ordinary illumination light (about 180 Ix).

The Viewing Tablet was verified to be feasible as a
pointing system targeting input or instructions given to
information systems by the user pointing out a sheet ob
ject in the field of vision. This field is handled as if it
were a tablet by combing the newly developed conver
sion program based on the method of least square from
pickup coordinates to the Space Code Sheet coordinates

with the previously developed space code recognition
program and the finger pointing position coordinate cal
culation program.

7. Conclusions

We proposed a Viewing Tablet as a pointing system
accurately selecting and pointing out a sheet object in the
user’s field of vision close to natural motion. This pre
vides a flexible means of giving I/O instructions to infor
mation system such as a wearable computer that helps
prevent generation of a digital divide. We also considered
and discussed the feasibility of this proposal experimen
tally.

The feasibility of input or instructions was confirmed
when a sheet object in the user’s field of vision is pointed
to directly by a finger for input to an information system,
which could not be implemented previously by input or
instructions to an information system. We verified the
viewing tablet principle and experimental considerations
of its feasibility.

The Viewing Tablet effectively enables smooth com+
munication between people and information systems.
This leads to the possibility of developing smoother in
formation to help counter the digital divide.
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