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ABSTRACT 
 
A modified compact Personal Data Assistant (PDA) with 
low power consumption, DataSlim2 is employed as a 
wireless personal information terminal for data uploading 
in an indoor spatial optical communication system. In 
digital communication, the transmission correctness of bit 
“0” and “1”, namely the data transmission quality decides 
performance of a communication system. Hence, the 
performance criterion for digital transmission is governed 
by the bit-error-rate (BER) or letter-error-rate (LER), 
defined as the probability of incorrect identification of a bit 
or a letter by the receiver. In general, with increasing the 
length of transmitted letters and/or the speed of the 
transmission frequency, the transmission quality of the 
communication system is attenuated because the 
probability of intersymbol interference becomes large and 
the received signal may suffer waveform distortion such as 
corruption dispersion by crosstalk noise or jitter. In this 
paper, the dependence of the LER on the letter length for 
the terminal equipment is experimentally investigated, and 
the method to measure and evaluate the LER is proposed.  
 

I. INTRODUCTION 
 
Major problems in realizing a security communication 
system with high level are how to avoid the information 
leakage in the transmission route and privacy protection of 
users. Compared with electrical wave, communications 
using spatial optical carriers is excellent in the security 
protection because the directionality of the light wave that 
propagates in the free space, as shown in Fig. 1 [1]. 
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Fig. 1 Wireless communication wave using electrical carriers: (a) 
information is leaked by permeable electric wave, and optical 
carries: (b) information leakage is obviated by directionality of 
the light wave. 
 
On the other hand, the location-based information 
communication [2] is a novel technique can apply to 

realize an indoor communication environment with privacy 
(such as communication address and individual 
identification number) protection of users because its 
communications only are based on the physical location 
information of users without any personal data.  
We are developing a 1-to-n type indoor communication 
system with low power consumption terminals based on 
the spatial optical communication technique and the 
location-based information transmission method, as shown 
in Fig. 2 [3]. This communication system consists of an 
indoor laser radar systerm as information environment 
equipment to locate, track, and wirelessly communicate 
between users and an information environment and its 
terminal equipments with properties of low power 
consumption and corner-reflection modulation, thus 
maintaining the security and privacy of users and 
uploading data in a bi-directional communication operation 
[4]. Its communication distance is a range to the about 5 
meters radius from the straight downward point of the laser 
radar. When the communications, the terminal equipments  
upload data from information environment  to the laser 
radar which is set on the ceiling. The laser radar detects the 
location of these terminals, then, tracks one of them and to 
do data transmission.   
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Fig. 2 Indoor location-based laser radar communication system. 
 
The DataSlim2 in Fig. 2 is a compact PDA with a liquid 
crystal panel. It is employed as the terminal equipment 
because it not only is compact, has low power 
consumption, and low cost, but also can be refitted and 
developed both in hardware and software to realize corner-



reflection and reflectivity modulation for bi-directional 
communication operation. We have detected and evaluated 
the spatial optical communication characteristics of the 
terminal equipment, including dependence of the reflection 
intensity on the incident angle, the reflectivity modulation 
characteristic, and LER for 8bit signal letter transmission 
in our previous works [5]. In general, with increasing the 
length of transmitted letters, the transmission quality of the 
communication system is attenuated because the 
probability of intersymbol interference becomes large. 
In this paper, to evaluate multi-letters transmission quality 
of the terminal equipment, we first investigate the 
occurrence mechanism of bit error in the transmission 
route, and then propose a method to detect and evaluate the 
dependence of the LER on the letter length and 
transmission frequencies. Finally, the experimental results 
for the LER on various transmission frequencies and  
letters length are obtained by using the proposed method. 
 

II. OCCURRENCE MECHANISM OF BIT ERROR 
 
In digital communication, the small redundancy makes it 
difficult to restore the transmission error because its 
transmission signals are symbols and numbers. Hence, how 
to decrease the BER of the received signal is very 
important to reconstruct the information correctly. For this 
reason, the performance criterion for digital transmission 
quality is defined as BER.  
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Fig. 3 Occurrence mechanism of bit error. (a) Fluctuating signal 
generated at the receiver. (b) Gaussian probability densities of 1 
and 0 bits. The dashed region shows the probability of incorrect 
identification. 
 
Noises in each component of a communication system are 
main cause for occurrence of bit error. Figure 3 shows the 
occurrence mechanism of bit error. An example for a part 
of the received signal is shown in Fig. 3(a). The sampled 
value V fluctuating from bit to bit around an average value 
V1 or V0, depending on whether the bit corresponds to 1 or 
0 in the bit stream. The receiver compares the sampled 
value with a threshold value Vth and calls it bit 1 if V>Vth or 
bit 0 if V<Vth. In practice, Vth is optimized to minimize the 
BER and depends on the noise characteristics of the 
photodetector (PD) in optical communication. When using 

a pin-PD, the noise is dominated by thermal noise and is 
independent of the average current. So the threshold can be 
given by Vth=(V1+V0)/2, which corresponds to setting the 
threshold in the middle of the received signal. In the case 
of APD (avalanche-PD), the threshold is a function of both 
thermal noise and shot noise. 
In Fig. 3(b), p(1) and p(0) are probability density functions 
of receiving bits 1 and 0, respectively. P(0/1) is the 
probability of detecting 0 when 1 is received, and P(1/0) is 
the probability of detecting 1 when 0 is received. Figure 3 
shows how P(0/1) and P(1/0) depend on the received 
signal value V. Based on such occurrence mechanism of bit 
error, the BER can be described by [6] 
 

)0/1()0()1/0()1(BER PpPp += .                                     (1) 
 
Since 1 and 0 bits are equally likely to occur, p(1) = p(0) = 
1/2, and the BER becomes 
 

( ) ( )[ ]0/11/0BER 2
1 PP += .                                             (2) 

 
III. CONCEPT AND DETECTION METHOD OF 

LETTER ERROR RATE 
 
A. Concept of LER 
 
In the Eq. (2), P(0/1) and P(1/0) are probability functions 
of the carrier power, noise, and carrier-to-noise ratio; 
finding a strict equation to describe them is difficult. For 
the feasibility of investigations in a letters communication 
system, we propose a concept of the LER based on the 
occurrence mechanism of the bit error as above as follows: 
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Table 1 Comparisons of LER and BER for various letter-lengths. 
    

Number of letters BER LER 
1 (8bit) 1/8=12.5% 100% 

2 (16bit) 1/16=6.25% 100% 
3 (24bit) 1/24=4.17% 100% 

... ... ... 
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Fig. 4 Error rates on various letter-lengths for BER and LER. 



In the concept of the LER, the detected unit is a set of the 
letters, i.e. a word and never a bit, so if only 1 bit error is 
occurred in a received word, it is an error word of 100%. 
Hence, we can say that the LER can evaluate the letter 
communication quality more exactly then the BER. The 
values for the LER and the BER when only 1 bit error 
occurs in various lengths of letter-sets (length of 8bit per 
letter) are tabulated in Table 1, and they are also plotted in 
Fig. 4 for displaying clearly. With increasing the length of 
the letter-set, the LER becomes a criterion more strictly 
then the BER to evaluate the letters transmission quality. 

To detect the LER of the terminal DataSlim2, we 
constructed an optical system as shown in Fig. 5. An 
infrared laser is used as the data transmission carriers. Test 
letter streams are transmitted into the DataSlim2 
continually during the test period. The transmission 
frequency is changeable by dint of the control program. In 
order to make the DataSlim2 a corner-reflecting device for 
low power consumption and bi-directional communication, 
we remove its original light-scattering-reflection sheet, and 
then embed a corner-reflection sheet, as shown in Fig. 5, 
behind its liquid crystal panel. The corner-reflection sheet 
is a combination of many corner cube arrays, and each 
array being an injection molded plastic plate of small 
corner cube prisms. Each corner cube prism returns the 
entering beam to its source. The beam reflection signals 
are detected by a Ge pin-PD through a beam splitter. The 
output analogy signals are displayed on an oscilloscope via 
a power-meter, and then are converted by an A/D 
converter and become the digital signals to calculate the 
LER by a computer based on Eq. (3).  

 
B. Detection Method of LER 
 
 

Ge pin-PD 

Laser 

Power-meter 
& 

Oscilloscope 
 

Beam
splitter

 
Input data 

A/D converter 

Computer 

WL5T79 

Corner cube
prism 

Corner reflection
sheet 

 

DataSlim2

Figure 6 is an example of how to reconstruct a test letter 
stream “T79” when implementing a detection program of 
the LER. In this experiment, the transmission data streams 
for the DataSlim2 consist of an 8bit start code (00000010) 
and an nbit ( 24≤n ) test letter code. Since the pin-PD is 
used to receive signal, the threshold is set automatically by 
the detection program in the middle of the received signal. 
From the binary signal after threshold, the received code 
stream of the test letter can be obtained, and then the test 
letter stream can be reconstruct. Finally the LER is 
obtained by comparing the reconstruction letter with the 
reference letter for their consistency.  
 

Fig. 5 Experimental setup used to detect the LER of the terminal 
equipment. 
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Fig. 6 Example of program implementing to detect the LER and reconstruct multi-letters set “T79”.



IV. RESULTS AND DISCUSSIONS 
 
Four test letters are used for the LER detection. They are 
one letter (8bit) “W”, two letters (16bit) “L5”, and three 
letters (24bit) “Xin” and “T79”, respectively. The cause of 
“W”, “L5”, and “T79” are selected to test is that these 
letters are the most difficult to reconstruct in the letter of 
same bit length because the numbers of bits are largest from 
first code “1” to last code “1” in a code stream. And “Xin” 
is selected to compare with “T97”, though both “Xin” and 
“T79” are 24bit, the numbers of bits from first code “1” to 
last code “1” for “Xin” is one bit less than “T79”. Figure 7 
is an example of the received signals of four test letters 
when the transmission frequency is 0.65Hz. 
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Fig. 7 Received signals of four test letters when the transmission 
frequency is 0.65Hz. 
 
Eight frequency values of 0.45, 0.64, 0.95, 1.10, 1.25, 1.50, 
1.65, and 1.90Hz are selected and used to transmit test data. 
For each frequency, the LER of the terminal DataSlim2 is 
detected 200 times continuously. A histogram of 
experimental results for the LER on eight frequencies is 
shown in Fig. 8. The abscissa is the frequency of data 
transmission and the ordinate denotes the frequencies of 
occurrence error in one test period (200 times). When the 
transmission frequency is less than about 1.2Hz, no error 
occurs at all for four test letters. However, when the 
frequency nears 1.5Hz, which is the critical frequency of 

the -3dB bandwidth [5], the frequencies of occurrence error 
become numerous. These results also indicate that the LER 
for “Xin” is better than “T79” even if both lengths of bits 
are same. We also investigated the type of occurrence error 
and found that in the test period, errors occurred intensively 
during a certain period and for other long periods, almost no 
errors occurred. 
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Fig. 8 Experimental results for the LER on various transmission 
frequencies. 
 
Experimental results for the LER on letters length are 
shown in Fig. 9. The abscissa is the letter length of bit unit. 
Five frequencies are selected and used to transmit the test 
letters, and they are 1.50Hz of the -3dB bandwidth, 0.66 
and 1.25Hz that are lower than 1.5Hz, and 1.65 and 1.90Hz 
that are higher than it, respectively.  The test letters are “W”, 
“L5” and “T79”. 
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Fig. 9 Experimental results for the LER on letters length. 
 
From the results in Fig. 8 and 9, we can see that the letter 
transmission quality attenuates with increasing the rate of 
data transmission and the length of the transmitted letter, 
and the terminal DataSlim2 has good LER performance at 
lower transmission frequencies. 
 



V. CONCLUSIONS 
 
We have described a method for evaluating the multi-letters 
transmission quality of a wireless compact terminal for 
indoor spatial optical communication system. A concept of 
the LER to detect the received errors based on the 
occurrence mechanism of the bit transmission error has also 
been proposed. The LER of the compact terminal 
DataSlim2 for four test letter sets with different bit lengths 
have been detected using proposed method. And the results 
for the LER on various transmission frequencies and letters 
length have been obtained. 
However, several issues are currently under investigation, 
including the evaluation of the letter transmission quality 
for an avalanche-PD receiver system using proposed 
method and comparison of detection results by the LER 
with by the BER. Further study of the evaluation of the 
letter transmission quality for compact mobile terminal with 
low power consumption should be conducted.  
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