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Abstract: A video-based indoor spatial optical communications system is proposed for wearable computing environment. This 
communications system only is based on the user’s location and visual mark in the terminal equipment or time-series change of 
terminal brightness to realize communication, thus the privacy of users can be protected.  

 
1. Introduction 
Spatial optical communication is an advancing field, 
which has received much attention. Its attractive features 
are adequate privacy protection by directionality of light 
beams, human safety because it is electromagnetic wave 
free, and easily divided into segment because photons are 
uncharged and do not interfere with one another as 
readily as electrons, making it excellent for application in 
wireless personal communications and local-area 
communication systems. 

We are developing a video-based indoor spatial optical 
communications system for wearable computing 
environment. This video-based spatial optical 
communications system, only is based on the user’s 
location [1] and visual mark in the terminal equipment or 
time-series change of terminal brightness to realize 
communication, thus the privacy of users, which are 
user-address, user-ID, etc. can be protected. 

2. Video-based spatial optical communication system 
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Fig.1. Experimental setup used for the video-based 
spatial optical communication 

 
The video-based spatial optical communication system 
for wearable computing environment as shown in Fig. 1. 
It consists of three subsystems. In the wearable 
environment system, a wireless camera with red LEDs 
and an infrared filter is used to find and track terminal 

equipments that are worn by users, and wirelessly 
transmit the information between users and this 
environment. 

In the terminal, a low power consumption and 
compact PDA (Personal Data Assistant) with a liquid 
crystal display and a corner-reflection sheet is employed 
to encode visual information mark and wirelessly upload 
information of users [2]. Figure 2 shows the PDA with 
the corner-reflection sheet and the imaging principle of a 
corner cube prism that injecting in the corner-reflection 
sheet. 
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Fig.2. Corner-reflection terminal and its optical   
principle:  (a) modified  PAD and  (b) a corner  
cube prism and its imaging principle. 

 
In the processing, optical image processing and optical 

pattern recognition technique is applied to help shift- and 
rotation-invariant terminal pattern recognition, and 
decode the information mark that display in the terminal 
equipment or detect the time-series change of terminal 
brightness. 
 
.3.  Terminal location detection 
To find, track, and detect the location information of the 
terminal, we proposed a pattern-matching algorithm 
based on the optical pattern recognition technique. 
Figure 3 is results of terminal pattern capture and 
recognition. The light rectangles are terminal patterns of 
corner-reflection, which are captured by the camera with 
red LEDs. The light specks are background noises in the 
field of vision of the camera. The shift- and rotation-
invariant terminal recognition are shown in Fig. 3(a) and 
3(b), respectively. These results also indicate that the 
proposed recognition method is effective for detecting 
and finding the image within noises.  



    
 (a)                                        (b)                                   

Fig.3. Terminal pattern capture and recognition:  
(a) shift-invariant and (b) rotation-invariant. 

 
Figure 4 is an example of the terminal track on the user 
move plane XY. The abscissa and ordinate denote the 
positions of a user with the terminal in the wearable 
computing environment, respectively. This result can 
help us to know the move history of a user in its walk 
range. 
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      Fig. 4. The move track of the terminal. 

4.  Terminal information recognition 
Two information recognition methods are proposed for 
different communication distances and they are 
described as follows. 

4.1 Information recognition using visual pattern 
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Fig. 5. An example of visual information mark: (a) the  
start image, (b) the selection image, (c) visual marks, 
and (d) binary pattern and decoded code. 

 
To encode visual information marks for spatial optical 
communication of data between users and wearable 
computing environment, we developed the application 
software using programmable function of the PDA. 

Figure 5 is an example of visual information marks 
corresponding to user’s messages by running the 
proposed control program. The start image and the 
selection image as shown in Fig. 5(a) and (b), 
respectively. Guided by the selection image, e.g., if the 
user wants to read “English text”, by touching the first 
button at right of the PDA, one of visual information 
marks that are shown in Fig. 5(c) will be popped. In this 
moment, this image is captured by the camera that is 
established in the wearable computing environment, and 
then, it is thresholded and become a binary image via an 
image processor. Thus this information mark can be 
decoded and become a binary code “1101” for data 
communication as shown in Fig. 5(d). This method is 
works well for near communication distances. 

 Terminal 

4.2 Information recognition using time-series signal 
When the communication distance become far, using 
visual marks to transmit information is difficult. For this 
case, we proposed other method that is using the time-
series change of terminal brightness to realize 
communication. 

Figure 6 is an example for the time-series change 
signal of terminal brightness. Fig. 6(a) is the tested 
terminal and the green frame is a region of interest for 
brightness detection, and Fig. 6(b) is the detected 
brightness change signal corresponding to the start code 
“010” and the data code “1101”. This method can be use 
for the communication distances of about 10 meter. 
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Fig. 6. The time-series change of terminal brightness:  
(a) the terminal and  (b) the time-series change signal. 

5.  Conclusions 
We have constructed a spatial optical communication 
system for wearable computing environment and 
proposed two methods for terminal information 
recognition. The effectiveness of these methods is 
demonstrated in location detection and information 
recognition of a wireless mobile terminal.  
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