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Abstract This paper proposes a framework of spatial hypermedia systems to augment 
and reduce the real world by using networked remote live videos and spatial 
databases. Augmenting the real world means that an information system pro
vides some additional information with a live video. On the other hand, reducing 
the real world means providing less information for some parts in a live video. 
The reduced reality is important for privacy of networked live videos. This paper 
describes the principle of realizing the spatial hypermedia systems and presents 
our experimental networked system Name-at. 
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1. INTRODUCTION 

Recently, rich environments of multimedia data have gradually become avail
able. Because of high-speed networks, we can deal with videos or voices on 
Internet. These enable us to participate in video conferencing or distance learn
ing and so on. To enhance our participation, we have developed what we refer 
to as augmented hypermedia, i.e., we augment hypermedia with videos which 
we can obtain by using a remote controllable camera. For instance, when we 
watch a live video by means of computers, the video displays annotations of 
objects which exist in the live video. The annotations consist of virtual objects. 
We can treat our real space as hypermedia when we add anchors to the virtual 
objects. In this paper, we call such systems spatial hypermedia. 

H. Arisawa et al. (eds.), Advances in Visual Information Management
© Springer Science+Business Media New York 2000



240 VISUAL DATABASE SYSTEMS 

In order to annotate live videos, image recognition is considered important 
to position virtual objects, but it is generally difficult to archive real-time and 
precise positioning by image recognition. This paper proposes a new frame
work of spatial hypermedia that augments or reduces real space information 
based on remote live videos and spatial databases. Remote live videos can be 
annotated without image recognition by means of the framework. The frame
work also enables us to maintain our privacy by forbidding users to control a 
remote camera in certain conditions or by editing the video. To demonstrate 
that our framework is useful, we have developed an experimental application. 

2. FUNCTIONS OF SPATIAL HYPERMEDIA 

The following are functions of spatial hypermedia that we propose: 

• Annotation: Positioning Text Characters on Live Videos 

The text characters represent the annotations of objects in the live video 
(Figure 1). Annotations run after real objects in the video whenever the 
direction and the zooming ratio of the camera are changed. This is the 
most important function of the application. 

EC.()SC 

A Live Video Text Characters 

Augmented Reality 

Figure 1 Augmented reality as composition of a live video and text characters. 
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• Entry and Deletion of Information in an Augmented Real Space 

Spatial databases can be changed through the live video. In order to add 
a piece of new data to the database, we create a new annotation in the 
live video. Deletion of annotations means that the data are deleted from 
the database. 

• Control of the Remote Camera 

A user can control the direction and the zooming ratio of a remote cam
era, and direct it toward his intended objects by selecting an entry from 
a visual menu. 

• Clickable Augmented Real Space 

An annotation is clickable for associating with its corresponding WWW 
page. This function turns the real world into a kind of hypermedia. 

• Levels of Detail (LoD) 

In the case of zooming in on some objects using a video camera, we can 
obtain more detail of the object as additional CO data composed of a 
live video. On the other hand, CO objects are not displayed with a lower 
zooming ratio. LoD controls the quality of graphical representations of 
CO objects. 

• Protecting Privacy for Remote Live Videos 

Insuring privacy of remote live videos is an important issue on Internet. 
The technique of placing text characters in a video can be applied to 
protecting privacy of remote live videos by means of replacing a partial 
image on the video. For example, a building in a live video is replaced 
by a low resolution image or its past image (Figure 2). 

Figure 3 shows the basic configuration of spatial hypermedia. The real
world area represented by the video frame can be calculated by the data re
garding the condition of the camera, e.g., its direction and zooming ratio. In
formation about objects in the video is retrieved with the camera condition 
data. Finally, a user can obtain augmented reality, which consists of a real 
video and CO text characters. 

3. HOW TO REALIZE FUNDAMENTAL FUNCTIONS 

3.1. POSITIONING TEXT CHARACTERS 

The positions of text characters for annotations can be calculated with cam
era parameters and databases. When a user registers a new annotation into the 
video, both the (x, y) position of the annotation on the display screen and the 
camera parameters are stored in the databases. 
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Figure 2 An example of reduced reality for privacy. 
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Spatial Query and 
Additional Data 

Figure 3 Basic configuration of spatial hypermedia. 
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3.1.1 Changing the Zooming Ratio. In the case of zooming in or out, 
objects in the live video move in the video. Annotations should be drawn at 
the proper positions with changes in the zooming ratio of the camera. Figure 
4 represents the videos with different zooming ratios a and b. A dotted line 
represents the center of a video's width. Suppose that the distances between 
the object (the gray rectangle) and the center of the video's width (the dotted 
line) are sand t, respectively, and the half width of the video is l. The zooming 
ratio of the video (i) is a, (ii) is b, and a < b. 

Ii) (ii) 

Figure 4 Movement of an object in changing the zooming ratio. 

Figure 5 shows two relations between the video camera and the object, and 
they correspond to (i) and (ii) respectively in Figure 4. According to Figure 
4, the region where the video shows with the zooming ratio b is smaller than 
that with the zooming ratio a. Suppose that the distance between the center of 
the projection plane arrowed by a viewing vector and the object is k in Figure 
5. Furthermore, in the case of (i), the width from the center to one edge of a 
viewing plane is u, and in the case of (ii), that width is v. The values U and v 
can be calculated by the zooming ratio of the camera. The explanation of this 
relation appears in Section 4. U and v can be expressed by u = f(a), v = f(b) 
using the function f which introduces the width of the video plane from the 
zooming ratio. 

We think of the relation between the zoom values a, b and the distances s, t 
in the video, and the ratios of these values in Figure 4 and 5. 

s t k k 1 1 
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The equation above represents that the locations where annotations should be 
drawn can be calculated with the zoom values, if they are known. 

Optical 
Axis 

/' 
Object 

Field-of-View 
Angle 

Figure 5 Relation between the field-of-view angle and the zooming ratio. 

3.1.2 Changing of the Pan and Tilt Angles. When the video camera 
pans or tilts, annotations should run after the objects. To realize this function, 
a user needs to indicate where the object exists in the video with drawing a 
rectangle using the GUI (Graphical User Interface). The user encloses the 
object with a rectangle twice. At the second time, the object will be moved to 
a different position from where the user indicated at the first time. The angles 
and the distance which the object has moved in the video are found in the 
operation, and then are used to calculate the virtual viewing distance. Using 
the viewing distance, we can then calculate the distance which the object has 
moved in the video corresponding to the angle of pan and tilt. 

3.2. LEVELS OF DETAIL (LOD) 

LoD in this paper depends on the zooming ratio of the video camera and the 
size of some real world object. The levels are decided by the area which the 
object occupies in the video; the way to express annotations depends on the 
levels. 

The area of the object can be found by drawing a rectangle over the object 
using GUI. If the camera's zooming ratio is changed, the area of the object is 
also changed. This problem is solved by the theory in 3.1.1. For example, in 
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the case of three levels of detail, we can decide the levels by the area using the 
algorithm below. 

if(area > Area_MAX) 
level = Level_MAX; 

else if(area > Area_MID && area <= Area_MAX) 
level = Level_MID; 

else if(area <= Area_MID) 
level Level_MIN; 

3.3. FUNCTION FOR PROTECTING PRIVACY IN 
VIDEOS 

This function's purpose is to protect privacy of parts displayed in videos by 
concealing some partial information in the videos. The camera parameters are 
used to determine the area where the camera should not zoom in; the func
tion either makes the zooming ratio a proper value, or it prevents users from 
viewing the private part of the video. 

When we think of the width (w) of the video which we see as a real world 
and the precision (P) of the video, the more the camera zooms in, the smaller 
w becomes. w can be calculated by the zooming ratio (zoom) of the camera, 
so w is expressed as w = J (zoom) using the function J. The precision p 
is defined as a pair of a certain distance and a certain area in the real world 
which corresponds to the minimum unit of the live video. Generally speaking, 
the minimum unit of the video usually corresponds to one pixel. The relation 
between w andp is derived as the equation (1) using the fixed number C1. The 
equation represents the natural fact that we can obtain detail about objects in 
the video with high zooming ratio of the camera. 

(1) 

When we think of privacy, the precision p should be more than the fixed num
ber C2 . 

(2) 

C2 depends on the visible area, so C2 can be expressed as C2 = g(pan, tilt) 
using the function 9 and the camera's angles: pan and tilt. We can also intro
duce the equations below by the equation 0), (2). 

w = J(zoom) > C1 · C2 = C1 . g(pan, tilt) 

zoom < J- 1(C1 · g(pan, tilt)) 

(3) 

(4) 

The angles pan and tilt judge whether the zooming ratio is appropriate using 
the equations (3) and (4). 
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4. EXPERIMENT FOR MEASURING THE 
CHARACTERISTICS OF A VIDEO CAMERA 

We can obtain the camera's parameters, the angle of pan and tilt, and the 
zooming ratio. We used a CANON VC-Cl camera. This camera has a movable 
pan-tilt head which can be controlled from the computer through RS-232C 
serial interface. The pan angle ranges from 0 to 100 degrees, and the tilt angle 
ranges from 0 to 40 degrees. We also obtain the zoom values from 0 to 128. 
The smaller the value becomes, the wider the area in the video. 

The field-of-view angle of the camera depends on the zooming ratio (Figure 
5). For example, when the camera zooms in, we cannot recognize some objects 
out of the view and the objects at the center of the view looks larger. On the 
other hand, in the case of zooming out, the visible area spreads and the objects 
in the video look smaller. We carried out an experiment to find the relation 
between zooming ratios and field-of-view angles. Although some distortion 
usually occurs with lenses of cameras, we are not concerned about it in our 
research. 

First, we set the experimental grid in front of the camera and measured the 
distance between the camera and the grid. Next, we measured the length of 
the grid in the computer display and we obtained the field-of-view angle (the 
tangent of the field-of-view angle, exactly). The graph (Figure 6) shows the 
tangent of a half angle of the vertical field-of-view. The measured values are 
plotted in the graph. We get the following function which calculates the tangent 
of the field-of-view angle from the zooming value x. 

f(x) = 9.190750 X 10-6 x 2 - 0.003129416x + 0.2899015 

Thanks to the above function, we can determine the field-of-view angles from 
the camera's zooming value. 

5. A PROTOTYPE SYSTEM NAME-AT 

We call a prototype system of a spatial hypennedia application Name-at. It 
is derived from the operation that we register the names at the objects in the 
video like putting some memos on the desk. 

5.1. EQUIPMENT FOR IMPLEMENTATION 

To realize the prototype system of the spatial hypennedia system, we use 
personal computers (PCs) and video cameras which can be controlled by PCs. 
A table under the camera connected to the computer through RS-232C controls 
the camera's direction and the zooming ratio and so on. 

We can realize spatial hypennedia intended for the video of a distant view 
taken with the remote controllable camera, with the virtual video capture de
vice which was developed by us. This device enables us to use remote equip-
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Figure 6 Relation between the zooming ratio and the tangent of the half angle of field-of-view. 

ment as if it were connected locally. Thanks to this device, we can easily get 
image data with readO system call, and give the camera control parameters 
(pan, tilt, zoom) through the system called ioctlO to control a remote video 
camera. 

5.2. AN EXAMPLE OF USING NAME-AT 

Figure 7 shows a view of Name-at GUI. There are two scroll bars for each 
of camera parameters, that is, tilt, pan and zoom. The thick scroll bars are used 
for setting the camera parameters by users and the thin ones show the present 
parameters of the remote camera. A user can control a remote video camera 
with them. If the spatial database includes the data of objects in the video, the 
names are drawn on the objects as text characters. The function LoD is applied 
as shown in Section 3.2. Users can also change the color of text characters. 

Now, we explain how to create data of annotations of the objects in the 
video. Using GUI, a user encloses the target object with a rectangle and enters 
some data, that is, Name, Info, and URL. The user then pans the camera and 
encloses the object again. This operation gives the virtual distance from the 
camera to the object and enables the system to locate the text characters on a 
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proper position. In addition, a user can click an annotation with a mouse and 
browse the indicated web pages when the data includes its URL. 

Figures 8 and 9 show examples of live videos with annotations . When we 
zoom up in the video of Figure 8, we can get the video shown in Figure 9 with 
more information given as URL strings below the name. While Figure 9 shows 
the URL of 'SeaHawk-HOTEL' as well as its name, Figure 8 shows only the 
name of the object. This is realized by the LoD function. As to the prototype, 
whether names and URLs are shown or not depends on the size of the area 
occupied by the object in the video. 

Figure 7 Overview of the GUI of Name-at. 

Figure 8 A live video with names of objects. 
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Figure 9 A live video with names and URLs of objects. 

6. SPATIAL EXTENSION TO WEB USING XML 

WWW(World Wide Web), which mainly consists of HTTP, URL and HTML, 
is the most popular hypermedia system at present. Spatial hypermedia can also 
become more useful with being integrated as a WWW extension. 

In this section, we propose a framework of an extended spatial hypermedia 
system which is linked to WWW.This enables us to use spatial hypermedia 
whenever we browse web pages and look for live videos on Internet. In order 
to realize this framework, the protocol which controls videos and the oper
ation of video cameras is required. Moreover, the URL should be extended 
to indicate videos showing the real world which are captured by video cam
eras connected to Internet. We construct a language which is available for an 
integrated spatial hypermedia on Internet with XML (eXtensible Markup Lan
guage). The following is the DTD (Document Type Definition) describing a 
spatial hypermedia database based on our prototype. (DTD of extended spatial 
hypermedia is in Appendix.) 

Spatial hypermedia 

<!ELEMENT natlist 
<!ATTLIST natlist 

(nat*» 
camera CDATA> 

'camera' indicates a video camera on a network, which captures a live video 
for spatial hypermedia. The number of annotations is not less than zero. 'nat' 
means the abbreviation of Name-at. 
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Objects in the real world 

<!ELEMENT nat 
<!ATTLIST nat 

(lod, area, 3d» 
name CDATA 
urI CDATA 
info CDATA> 

The object data consists of following three parameters: levels of represen
tation detail 'lod,' the information about the rectangles enclosing the specified 
object 'area,' and the virtual distance between the camera and the object '3d.' 
The variables 'name,' 'uri,' and 'info' represent the name, the URL, and the 
additional information about the object, respectively. 

The following are the details of tags of the object 'nat.' 

lod 

<!ATTLIST lod type (sizelzoomlprivacy» 

This tag represents the kind of LoD. The level is decided by the area where 
the object occupies ('size'), or by the zooming ratio of the camera ('zoom'). If 
'privacy' is indicated, the object cannot be displayed with more than its setting 
spatial resolution. 

area 

<!ELEMENT area 
<!ATTLIST area 

(camera,rectangle)> 
number (112» 

<!ATTLIST camera pan 
tilt 
zoom 

<!ATTLIST rectangle xO 
yO 
xl 
yl 

CDATA 
CDATA 
CDATA> 
CDATA 
CDATA 
CDATA 
CDATA> 

This tag has the information about the rectangles that a user encloses in 
order to indicate the object. 'camera' represents the condition of the camera. 
'rectangle' shows the coordinates of the rectangle. 

3d 

<!ATTLIST 3d distance CDATA> 

The attribution 'distance' shows the virtual distance between the camera and 
the object. 
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We show an example of XML followed DTD as mentioned above. 

<nat name="SeaHawk-HOTEL" 
url= .. http://www.hawkstown.com/seahawks/ .. 
info="Momochi") 
<lod type="size") 
<area number="1") 

<camera pan="33" tilt="21" zoom="18") 
<rectangle xO="113" yO="65" 

x1="211" y1="129") 
</area) 
<area number="2") 

<camera pan="42" tilt="19" zoom="18") 
<rectangle xO="29" yO="64" 

x1="125" y1="127") 
</area) 
<3d distance="543.358521") 

</nat) 

This represents the object named 'SeaHawk-HOTEL,' which has a virtual 
distance of 543.358521 from the camera. Whether the name and the URL are 
displayed depends on the extent of the object in the current video. 

Thanks to the proposed language for describing spatial information, we can 
use networked video cameras as a device which is a part of spatial hypermedia. 
In addition, multiple users can create spatial data and integrate them into a 
larger database.which can be shared by many users. 

7. RELATED WORK 

A direct guidance system developed by NTT which shows annotations on 
live videos is similar to our system in terms of the concept and the technical 
frameworks. The advantages of our prototype over the direct guidance system 
are as follows: 

• Networked video cameras are available using a virtual video capture de
VIce. 

• Implementation for privacy 

• Realizing the LoD function 

• Users can easily make and delete spatial information with GUI. 

• We consider using our system on Internet: integration with a Web browser 
and extension with XML 
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8. CONCLUDING REMARKS 

We proposed a framework of spatial hypermedia to augment and reduce in
formation in the real world, and described our implementation of the prototype 
system for remote live videos. In Section 6, we suggested an extension of 
spatial hypermedia systems using XML in order to introduce spatial browsing 
WWW by spatial URL, which can be defined by the extent of a real world 
object in a video in addition to the position, direction and zooming ratio of the 
camera. 

Many live videos will become available on Internet in the near future. Spa
tial hypermedia must become an important application to make good use of the 
information contained in the videos with georeferenced information in Web 
space. 
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Appendix: DTD for Extended Spatial Hypermedia 

<!DOCTYPE natlist [ 
<!ELEMENT natlist 
<!ATTLIST natlist 
<!ELEMENT nat 
<!ATTLIST nat 

<!ATTLIST lod 

<!ELEMENT area 
<!ATTLIST area 
<!ATTLIST camera 

<!ATTLIST rectangle 

(nat*» 
camera CDATA> 
(lod, area, 3d» 
name CDATA 
urI CDATA 
info CDATA> 
type 
(sizelzoomlprivacy» 
(camera , rectangle) > 
number (112» 
pan CDATA 
tilt CDATA 
zoom CDATA> 
xO CDATA 
yO CDATA 
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<!ATTLIST 3d 
]> 
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