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    Abstract -- A compact Personal Data Assistant (PDA) named DataSlim2 is refitted and employed as a 
mobile terminal for data uploading in an indoor laser radar communication system. Data transmission quality 
of the DataSlim2 are investigated and evaluated. 
 

INTRODUCTION 
 

The present internet and telephone communications are based on addresses and phone numbers to identify 
individuals. In these systems, services are provided along the same line and paid via creditcard numbers. So who 
got which service cannot be concealed. We are developing a new 1-to-n type indoor communication system 
based on the spatial optical communication technique and a location-based information service technique for 
human information support, as shown in Fig. 1.[1,2] This communication system consists of a indoor laser radar 
systerm and its terminal equipments with corner-reflection modulation property to keep security and privacy of 
users and upload data in bi-directional communication operation. 

In this work, a compact PDA with a liquid crystal display named DataSlim2 is refitted and employed as the 
terminal equipmentfor. In order to send and receive messages between the terminal DataSlim2 and its source 
laser radar, we first embed a corner-cube-array sheet behind liquid crystal panel of DataSlim2 to return the 
entering beam, regardless of orientation, exactly to its source laser radar, and then develop the application 
software programs to carry and modulate information with DataSlim2. The Dataslim2 after refitting, and it will 
be called modified Dataslim2 (MDS2) hereafter. Data transmission quality and reflectivity modulation 
capability of the MDS2 as a communication terminal are investigated and evaluated. 
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Fig. 1 Indoor laser radar communication system of location-based.  
 

REALIZATION OF OPTICAL COMMUNICATION FUNCTIONS 
 

In order to make the DataSlim2 a corner-reflecting device, we remove its original light-scattering-reflection 
sheet, and then embed a corner-reflection sheet behind its liquid crystal panel. A photo of the DataSlim2 with 
the corner-reflection sheet is shown in Fig. 2. The corner-reflection sheet is a combination of much corner cube 
arrays, and each corner cube array is an injection molded plastic plate of small corner cube prisms. Each corner 
cube prism has three mutually perpendicular surfaces and a hypotenuse face. Light entering through the 
hypotenuse is reflected by each of the three surfaces in turn and will emerge through the hypotenuse face 
parallel to the entering beam, as shown in Fig. 2. The prism thus returns the entering beam to its source. The 
advantage of the corner cube prism over mirror is that the incident angle of incoming beam can be very large. 

To investigate the effectiveness of the corner-reflection of the MDS2, we measured dependencies of 
reflection intensities on rotation angles of the MDS2 and the results are plotted in Fig. 3. These results indicate 
the MDS2 is useful as a corner-reflection device in the range of about ±20º when totally bright and about ±15º 
when totally dark because the MDS2 has higher reflectivity of greater than 30%. 
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Fig.2 The MDS2 with a corner-cube-array sheet.

MDS2 

     

-60 -40 -20 0 20 40 60
0.0

0.2

0.4

0.6

0.8

1.0

Fig. 3 Reflection intensities versus rotation angles. 
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The MDS2 as the information terminal in proposed communication system, the capability of 
corner-reflection not only is required, but also require and can modulate the reflectivity for data transmission. 
To realize the capability of the reflectivity modulation, we develop the application software using the 
Addin-Software-Development-Kit.[3] A program to modulate the reflectivity of the MDS2 by the messages/ID 
from users has been made. 

Figure 4 is an example of the reflectivity modulation by users messages using proposed program. Figure 
4(a) are start and selection images. For instance, when you want to say: “where are you”, touching right third 
button from top, this message will be transmitted. Figure 4(b) is a transient image when sending a message. The 
reflectivity of the MDS2 is modulated by bright (code “0”) and dark (code “1”) images. The modulation 
frequency can be controlled in allowable range of the MDS2 by proposed program. The output signal that 
displayed on the oscilloscope is shown in Fig. 4(c). Since data transmissions are local area and the work 
distance is not too long in this system, the simple unipolar RZ (return to zero) signal is used for easy 
implementing data communications. 
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W: 01010111  f = 0.50Hz
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Fig.4 An example of the reflectivity modulation by user messages. 

 
 

CHARACTERISTICS OF SPATIAL OPTICAL COMMUNICATION  
 
Reflectivity Modulation Characteristics 
 

To investigate and evaluate the reflectivity modulation capability of the MDS2, we write a time-series 
pulse signal (0101…code) into the MDS2, and then make the transmission frequency of the pulse signal 
changeable by the control program. Each reflection intensity correspond to different transmission frequency is 
detected by the photodetector. By this transmission frequency characteristic, the reflectivity modulation 
capability of the MDS2 can be obtained. 
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Fig. 5 Transmission frequency characteristic.
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Figure 5 is the dependence of the normalized reflection intensity Vp-p/(Vp-p)max on the transmission 



 

 

frequency f. We can see when the frequency f equals 1.5Hz, the normalized reflection intensity Vp-p/(Vp-p)max is 
reduced by -3dB to 0.71 of the maximum value. This result indicates that the active work range of the MDS2 is 
less than 1.5Hz. Namely, the MDS2 can become the communication terminal equipment when lower bit rate. 
 
Data Transmission Characteristics 
 

In order to evaluate the quality of communication, a useful and insightful graphical illustration of the 
degradation of signals is the use of eye pattern plot. An eye diagram consists of many overlaid traces of small 
sections of a signal. If the data symbols are random and independent, it summarizes visually all possible 
transient waveforms. Hence the wider the eye opening will make the greater the noise immunity. 

Figure 6 shows the detected eye diagram of the MDS2 when transmission frequencies are 0.30, 0.50, 1.03, 
and 1.60Hz, respectively. When transmission frequencies are lower, the eyes clearly open as shown in Fig. 
6(a)-(c). However, with increasing the transmission speed, eyes closing at all, which make it impossible to 
guarantee a good quality for communication as shown in Fig. 10(d). These results indicate that the MDS2 is 
work in the lower frequency of about 1.5Hz. And these results are consistent with the -3dB frequency of 1.5Hz 
detected in Fig. 5. 
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Fig. 6 Eye diagrams on transmission frequencies are: (a) 0.30Hz , (b) 0.50Hz, (c) 1.03Hz, and (d) 1.60Hz.
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Bit Error Rate 
 
  For digital signal communications, the BER is a 
measure of transmission quality. To detect the BER of the 
MDS2, we input a data stream that consists of an 8bit start 
code (00000010) and an 8bit test letter of “W” (01010111) 
for the MDS2. There are eight frequency values of 0.50, 0.64, 
0.71, 1.06, 1.28, 1.45, 1.60, and 2.13Hz are selected and used 
to transmit test data. For each frequency, the BER is detected 
twice and one time is 45 minutes, namely one test period is 
90 minutes. 

The histogram of experimental results for the BER is 
shown in Fig. 7. The abscissa is the frequency of data 
transmission and the ordinate denotes the frequencies of 
occurrence error in one test period. When the transmission 
frequency is less than 1Hz, no error to occur at all, But when 
the frequency near the 1.5Hz that is the critical frequency of the -3dB bandwidth, the frequencies of occurrence 
error become much. 
 

CONCLUSIONS 
 

We have described a spatial optical communication technique for compact information terminal using the 
MDS2 and the results indicate its data transmission frequency is lower. But for case of our indoor, near distance 
and personal handheld mobile communication, the compact, low power consuming, and low cost will be more 
important than the transmission speed. 
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Fig. 7 BER performance for the MDS2.
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