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     Abstract—Results in one field necessarily give insight into the 
others, and all have much potential for scientific and technological 
application. The Hadamard-transform technique once been applied to 
the spectrometry also has its use in the SNR Enhancement of OTDR. 
In this report, a new set of code (Simplex-codes) is discussed and 
where the addition gain of SNR come from is implied. 
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I.  INTRODUCTION 
PTICAL time-domain reflectometry is an effective tool to 
characterize optical fibers. By infecting an optical pulse 

into the fiber under test and detecting the backscattered optical 
signals (including Rayleigh backscattering and Fresnel 
reflections), we can reveal the character of the fiber and even 
indirectly the environment surrounding it. 

As the fiber extents further, the received signal becomes 
much weaker and immersed in the background noises. To 
increase its dynamic range, an effective way to enhance the 
SNR of OTDR is demanding. Two methods can be conceived: 
One is to increase the power of input pulse by widen the 
pulsewidth of probe pulse. The second is to decrease the 
variance 2σ of errors (under the assumption that the noise are 

uncorrelated zero-mean random processes with 2σ ).  
The first way is not effective because of the unavoidable 

trade-off between SNR and spatial resolution (1) 
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To decrease the 2σ of errors, the conventional methods is to 
repeat the test and average the result. In recent years, various 
coding technique [1], [2] were employed, however, 
experimental demonstration of SNR improvement using the 
code technique has been limited to the complementary 
correlation OTDR based on the Golay Codes, which suffers 
from the resolution penalty (or an equivalent 3-dB reduction in 
the SNR improvement at the same level of spatial resolution) 
inherently associated with the decoding process. 
 

II.  SNR GAIN FROM AVERAGING 

The received signal can be denoted as (2). ( )tΨ  is the ideal 
signal and ( )e t is noise, which is uncorrelated, zero-mean and 

random. ( 2( ( ))D e t σ=  ( ( )) 0E e t = ) 
 

( ) ( ) ( )t t e tη = Ψ +                                (2)                   
 

Then, by averaging ( )tη : 
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By averaging the result, the noise amplitude is reduced by 
1
n

 

III. HADAMARD-TRANSFORM AND S-MATRIXES 
The S Matrix has been used for noise reduction in optical 

spectrometry [3]. Briefly, the S Matrix is a unipolar matrix 
composed of 1’s and 0’s, and the rows of this matrix are called 
scs. This matrix can be also derived from a normalized 
Hadamard matrix, a bipolar matrix composed of 1’s and -1’s. 
The operation using Hadamard or S matrix is called the 
Hadamard transform. Traditionally, the Hadamard-transform 
technique has been applied to the spectrometry by using a 
spatial mask having holes and blocks. 
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If the pulsewidth is 
500ns and n=1.5, 
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A.  Coding Process 
The coding process is to lunch several pulses into the fiber as 

the code sequence.  And the received signal  
 

is
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( )l tΨ is the ideal conventional trace of a single pulse, e(t) is 

the noise. We should note that ( )i tΨ and 1( )i t+Ψ  are 
different only with a time delay τ . 

 
B.   Decoding Process 
From (4), it is easy to derived the following expression 
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( )i t∧Ψ  is the estimate of ( )i tΨ , it can be calculated by the 
received signals of previously lunched codes by multiplying 

1
lS − . (6) 
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In the code-decode process, the SNR gain is 
1

2
N

N
+

(Fig. 1). 

 
 

C.   Final Results 
To obtain a conventional trace of greater SNR, we just need 

to inversely time-shifting each row in (5) with ( 1)i τ−  and 
average each row. 
 
 
 
 
 
 
 
 
 

Fig. 1 SNR gain in the code-decode process 
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The SNR gain is 
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, equal to 
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Note that the above results are derived under the following 

assumptions. 
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Averaging          

D.   Illustrated Process 
 

TABLE I 
ILLUSTRATED PROCESS 

 
 

 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 

 
 

 
 

IV.  FURTHER DISCUSSION 
S-codes have two advantages: first, codes of length 2P-are 

easily generated as shift register sequences. Second, even if the 
pulse codes that are launched have different amplitudes, the 
true reflectivity may still be obtained.  
If so, (8) is changed to  
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Actually, m is the average of im ,and m could be 1. 
 

V.   CONCLUSION 
The HADAMARD-technique is analyzed in respect of its 

power for noise reduction of OTDR. We deduced in step by 
step how a suitable noise reduction (gain) is possible. And we 
suggest two major advantages of HADAMARD-technique, and 
strongly recommend the application of this technique to related 
field.       

 

ACKNOWLEDGMENT 
Thanks to Mr. Xie in NTU for initializing me into this field of 

research. 
 

REFERENCES   
[1] P. S. Moharir and A. Selvarajan, “Optical Barker codes,” Electron. Lett. 

vol. 10, pp. 154-155, 1974. 
[2] J. Cheng, J. H. Goll, and N. Edwards, “Method and apparatus for carrying 

out fiber optic time domain reflectometry wherein Golay complementary 
sequences are applied,” US. Patent 4 743 753, May 10, 1988. 

[3] M. Nazarathy, S. A. Newton, R. P. Giffard, D. S. Moberly, F. Sischka, W. 
R. Trutna Jr., and S. Foster, “Real-time long range complementary 
correlation optical time domain reflectometer,” J. Lightw. Technol., vol. 7, 
pp. 24–38, Jan. 1989. 

[4] K. Okada and K. Hashimoto, “Optical cable fault location using 
correlation Technique,” Electron. Lett., vol. 16, pp. 629–630, 1980. P. 
Healey, “Optical orthogonal pulse compression codes by hopping,” 
Electron. Lett., vol. 17, pp. 970–971, 1981. 

[5] Noise, Fluctuation and HADAMARD-Transform-Spectrometry Günter 
Nitzsche, Rainer Riesenberg Institute for Physical High Technology, 
P.O.B. 100 239, D-07702 Jena, Germany. 
 

 
Mingyu Zhong was born in Liaoning Province, P. R. China, in 1985. 
Currently, he is a student in School of instrument science and opto-electronic 
information engineering at BeiHang University in Beijing. His current research 
interests include optical waveguide theory and optical communication. 
Furthermore, he is looking forward to do some research on photonic crystal 
fiber. 
 
Xie Yi received Bachelor degree in Electronic Science and Technology in the 
University of Electronic Science and Technology of China. Currently, he is a 
student in School of EEE at the NanYang Technological University in 
Singapore. His current research interests include Optical Communication, 
Optical Waveguide Theory, Communication Coding, Opto-electronic Detector, 
Semiconductor Technology, and Integrated Circuit. 

 


