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INTRODUCTION 
With the recent spread of home videos, video data recorded 
in our everyday life and social events have increased. In 
order to better utilize such video data, we aim to make 3-D 
virtual spaces, using the video images as input, where we 
can re-experience and share our daily experiences and 
important events with others. The 3-D spaces will enable us 
to share personal experiences and knowledge at museums, 
heritage sites, and educational settings. Most existing 
works [1] for making 3-D virtual spaces have focused on 
exact reproduction of the modeled objects and space. 
However, the resulting built spaces tend to be 
homogenized, making it difficult for virtual visitors to the 
spaces to find the “scent” needed for truly re-experiencing 
the scene. 

OUR APPROACH 
We simply employ a spatio-temporal collage representation 
for this purpose. The word collage is generally understood 
as an artistic composition made from various materials 
applied to a surface, or an assembly of diverse fragments. 
Photo collage uses photo images as materials or fragments. 
We assume a test-bed environment [2,3] that is fully 
equipped with ubiquitous video cameras, which include 
wearable cameras attached to persons and to ceilings or 
walls. The test bed can capture and store video sequences 
from multiple viewpoints we refer to as POV (point of 
view). The wearable cameras can acquire user attention or 
intentions visually. Then the proposed spatio-temporal 
video collage feeds video sequences as the materials. We 
can “collage” two video frames with different timestamps 

at the same. Furthermore, in making the collage we have no 
limitation on the alignment of video frames, regardless of 
the original viewpoint used in taking the sequences.  
 

 
Figure 1: An observation of proposed method 

 

Implementation of “Collage” 
For every identified object from the ubiquitous sensor 
technology (described below), the right place (Object 
Coordinate; OC) where it should exist and the right 
direction (Object Direction; OD) where it should turn to are 
known in advance by using the in-house infrared ID tag 
sensing technology [2]. Accordingly, images taken from 
each video frame can be aligned at the OC, and the size of 
an image is scaled by using the magnification factor 
linearly corresponding to the distance between the POV 
and OC. The opacity of each image is defined based on the 
scalar product of the POV vector and an arbitrary 
observation view vector. Actually, our implementation uses 
only horizontal components of the OD, POV, and 
observation view vectors. Disregarding vertical 
components makes total operations easier and simpler.  
We assume that it is effective for past and future images to 
be rendered at the same when we observe the specified 
time frame at a glance. A bigger time lag from the current 
time specified by the observer would give more 
transparency to an image. Sometimes an image coordinate, 
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or OC of the object, is not fixed because the object is 
moving during the time frame, such as when a person is the 
object. 

EXPERIMENT 
The proposed ubiquitous sensor technology covers the 
entire experimental environment. This technology includes 
wearable sensor sets for users and fixed sensor sets that are 
distributed throughout the indoor environment. Both sensor 
sets are capable of continuous video recoding and tracking 
of infrared ID tags. The ID tracking can acquire a tag’s ID 
and its coordinates in an image plane. The wearable set is 
equipped with an in-house local positioning system (LPS). 
LPS is used for locating the position and rotation of the 
user wearing the sensor set as he or she moves. The LPS 
output provides the essential OC and OD of the camera on 
the wearer’s set. Currently, the positions and rotations of 
other sensor sets must be obtained manually. 

In-house local positioning system 
The pair of an upward-directional ID tracker and a set of 
ID tags on the ceiling is a major component of our LPS. 
The positions of all ceiling ID tags are surveyed carefully, 
so a tracker can identify each tag by using its ID. In the 
area of computer vision, it is a basically simple and easy 
problem if you can observe some of the tags. Our LPS can 
estimate position and rotation when the ID tracker can 
detect at least four ceiling ID tags at the same time. We 
employ the POSIT [4,5] algorithm developed by Davis as 
the core estimation method. 

Setup and results 
All experiments utilize 60 LPS ceiling ID tags, which were 
aligned in a lattice order with spacing of 20 cm. Three 
subjective users equipped with wearable sets and another 
subjective user with only an ID tag participated in the 10-
minute experiment. The user with only an ID tag was 
considered to have fixed OC and OD throughout the 
experiment. 
After the capturing session, we observed captured 
interactions between the four subjects using a walkthrough 
type of viewpoint. Figure 1 shows a snapshot of a 
generated observation. In this figure, each subject is 
indicated as a black tube. All rendered images were taken 
from three wearable set’s cameras. The subject marked as a 
red circle was indicated as the subject who received the 
visual attention of the other two subjects based on ID 
tracker data. Consequently, the rendered images are 
obtained by two cameras. The far left tube has no image at 
all, implying the subject was not attracting others’ 
attention. From the experiment, the proposed method seems 
to often represent or highlight a subject’s visual attention or 
a brief intention. 

 
Figure 2: An observation of proposed method 

 

CONCLUSIONS 
A spatio-temporal image collage from video sequences is 
proposed for observing and re-experiencing past events. 
The 3-D collage representation we have created provides 
easier identification of subjects’ visual attention. We also 
implemented an infrared ID tag/tracker system based on a 
local positioning system (LPS) for estimating users’ 
positions and rotations. The LPS ceiling tags are so cheap 
that we can fully cover large areas. Currently, our LPS 
gives fairly rough information that is still far from precise. 
Improving the accuracy of LPS is one of our most 
important future works. In the near future, LPS for outdoor 
environments is expected to become available for a wide 
variety of applications. 
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