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Abstract A dynamic multi-pattern recognition method is proposed for optical wireless mobile terminal. By 
the pattern-matching algorithm and the corner-reflection technique, more than one terminal within noises can 
be detected and found simultaneously in shift-, scale-, and rotation-invariant.  
 
1. INTRODUCTION 
 
The emergence of mobile information terminals in living and work environments made wireless 
communication has become a ubiquitous part of human life, and as a wireless communication medium for 
short-range, indoor environment, optical radiation has attractive advantages over radio [1, 2]. 

We are developing a low-power-consumption wireless information terminal based on the video image 
transmission technique for a 1-to-n type indoor optical wireless communications system. To support users 
transmit their necessary information using this communication system, the dynamic location find, track, and 
recognition for the terminal that is moving along with user are necessary, because the method of data 
communications in this system is a location-dependence form and non ID-dependence. We have proposed a 
method of “1-to-1” dynamic location recognition that by one camera to detect one terminal based on the 
video signal analysis and optical image processing technique in our previous papers [3]. 

In practice, there is more than one terminal in a ubiquitous information environment. Therefore, in this 
paper, a method of dynamic multi-terminal recognition is proposed using the multi-pattern matching 
algorithm and optical corner-reflection technique.  
 
2. PRINCIPLES OF METHOD 
 
A compact Personal Data Assistant (DPA) with a liquid crystal panel as shown in Fig. 1 (a) is employed as 
the optical wireless mobile terminal because it not only is compact and has low power consumption, but also 
can be developed both in hardware and software to realize light-reflection-type wireless communications. 
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Fig. 1 Optical wireless mobile terminal equipment with corner-reflection-modulation function: (a) original 
PDA with a light-scattering-reflection sheet, (b) modified PDA with a corner-reflection sheet, and (c) a 
corner cube prism and its imaging principle. 
 

There are two-dimensional feature data, which are reflected intensity and geometric shape, can be used to 
help find, track, and detect the location information of the terminal as shown in Fig. 1 when it is moving 
along with user in a information environment. 

To make terminal has high reflection intensity in its data transmission direction, we remove its original 
light-scattering-reflection sheet as shown in Fig.1 (a), and then embed a corner-reflection sheet behind its 
liquid crystal panel as shown in Fig.1 (b). The corner-reflection sheet is a combination of many corner cube 
prism as shown in Fig. 1 (c). Each corner cube prism returns the entering beam to its source direction. Thus, 
when terminal is illuminated by the light source of the communications system, the signal light that is carried 
by the terminal will be reflected intensively to its source and the reflectivity of the terminal become high in a 
certain range of data transmission direction.  



On the other hand, because the operation panel of the terminal has distinct rectangle shape information as 
shown in Fig. 1, the geometric matching technique can be used to find and recognize dynamic multi-objects 
simultaneously. We have proposed a geometric matching program based on the optical pattern recognition 
technique for track and recognition dynamic multi-pattern using the IMAQ Vision tools. In this algorithm, 
first we create a template image that represents the terminal to search, the program then searches for 
instances of the template in each inspection image and calculates a score for each match. The score relates 
how closely the template resembles the located matches. This geometric matching algorithm can find 
template matches simultaneously regardless of lighting variation, blur noise, occlusion, and geometric 
transformations such as shifting, rotation, or scaling of the terminal image. 
 
3. EXPERIMENTS AND RESULTS 
 
To investigate the dynamic multi-terminal recognition effectiveness, we implemented an experiment using 
developed terminal equipment and proposed pattern recognition method. 

Figure 2 is an example of program implementing for this. To obtain an exact geometric matching result, a 
template image with good and distinct rectangle information is created as shown in the upper left of Fig. 2. 
Test terminals are placed in an environment that has noise and blur. Three matched terminals and one high 
score terminal of them as shown in the upper middle of Fig. 2. Numerical values at the upper right of Fig.2 
are positions of matched terminals and their reflection intensities, respectively. By these transient positions of 
the terminals, tracks of terminals on the user move space can be obtained. The plane move track and 
reflection intensities of high score terminal are plotted in the lower left and right of Fig. 2, respectively. In 
this experiment, the distance from the light source to terminals is less then about 2 meters. 

Figure 3 is some results for the multi-terminal detection and capture by the experiment in Fig.2. The light 
rectangles are terminals. The rectangle frame around the terminal is a flag to denote this terminal has been 
matched. The terminal pattern with high score has a small square in its center. Figure 2 (a) is a matching 
result by the two-dimensional feature data, which are the shape and brightness. We can see that the PDA 
without corner-reflection sheet cannot be found. The rotation-, scaling-, and occlusion-invariant terminal 
pattern detection are shown in Fig. 3 (b), (c) and (d), respectively. These results indicate that the proposed 
dynamic multi-pattern detection method is effective. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         
 
4. CONCLUSIONS 
 
We have described the method to detect dynamic multi-pattern rapidly at the same time regardless of lighting 
variation, blur noise, occlusion, and geometric transformations. By using proposed pattern recognition 
program, the experiments for the location detection of 1-to-n type optical wireless mobile terminal are 
implemented in an indoor information environment. 
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