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A Study on the Coding Techniques for Phase—Shift Pulse Brillouin Optical
Time Domain Analysis (PSP-BOTDA)Fiber Optic Sensor

R HFEDOEE)

BEEZHE=
DED TH o

feE N EELIZ DO W
BE—ERTEEEEZEBINEL .
£

HER. B A I RFMOomEXoERL, 1HFHNOHREES.
e o ﬂrhﬁﬁ FMEETHEMNMEINE, EXH, 80O &S,
BrErUOETrTHAZPOLICEEIThNE., BENICIZD FoBED,

- HBREINFFAEEOESHSOLEEEMICEL TR, TRESER
TREEMEZERICEEEoTnEDR, BEEERLTR., itk
BT, HERM, EEoME, NEREOSE S o E BRI
th#irat =4, T hFnoEAEEAlEEIC Lok,

Bzt A®O—-—2TES dual Valsh FBoERIZML T,

FiHiFERE THHEES Sl —>a B Tho it ot

THEMM» DMIEFEHEZT 1,
HFEHEOBEKRILTOD

55

HEETHERBICESMESERSENZN., TOE#HEALD B
il i o ey 000
e EMoEBOoRMRAENE N, BEEEWN O RS TH
1l e ol

T AN E YOO D THAI2REaHECEMmAE
Al — & hr;’ﬁ%é:ﬂf:,

- A —hni,

Eh,. L TFOERMNE=.
- Walsh fF 5 @M, Dual Walsh & B R S @M. X2 NF RIS
AfEHOLERGZE, BEFORREFEHOA Y X FH U212 L T,
EEe T o E—=INTELS50RBEBLEEZSHNEL .,

wHEOBERY Fo@ED THRO,

FlEE CRHRBahESHET T T

. B EETHAE. 8. ﬁ&ﬂﬁr&%mﬁﬁmﬁ*ﬂTt%
. BEOBERLR. BheRRNEENAERNCBROABREZ S
BO, #FUB/EFCHIETHLLHO LRV B30T, GHEHELL

T s




(0% 6 75)

24, =
il X pa |
W41 HIH
KGR ¥ w ;"5? % |/ 4 Mohd Saiful Dzulkelly Bin Zan
& O A

A Study on the Coding Techniques for Phase-Shift Pulse Brillouin Optical Time Domain Analysis
(PSP-BOTDA) Fiber Optic Sensor

WEDES:

BOTDA (Brillouin optical time domain analysis) is a technique used to measure distributed strain
and temperature along a fiber optic cable with high accuracy and sensitivity by utilizing the occurrence
of optical scattering in the fiber called stimulated Brillouin scattering (SBS). The interaction among
the pulsed pump light, the counter propagating continuous-wave form probe light and the acoustic
wave in the fiber generates the back-scattered light through SBS process. Through this process, energy
transfer occurs from pump to probe when their frequency difference is tuned to the Brillouin frequency
shift (BFS) of the fiber. Since BFS linearly increases with the increase in strain and temperature,
BOTDA can measure local changes in the strain and temperature along the fiber. BOTDA has found its
application in the field of civil engineering for structural health monitoring of large structure such as
buildings, dams, bridges etc.

Optical signal-to-noise ratio (SNR) and spatial resolution are the important parameters in|
characterizing the performance of BOTDA. In this study, the employment of combined codes that
simuftaneously use return-to-zero (RZ) and non-return-to-zero (NRZ) pulses to modulate the pump
light of BOTDA is proposed for improving these parameters. Two types of coding systems called
Golay code and Walsh code are introduced. Golay code uses auto-correlations while Walsh code uses
Hadamard transform to decode the measured signals. There are four coding systems proposed in this
study; dual Golay codes, dual Walsh codes and the two types of combined Walsh and Golay codes.

The proposed systems above offer higher SNR measurement than the conventional! method that uses
only RZ- or NRZ pulses. From the simulation and experimental results for code duration of 1ns, when
the code length for NRZ pulses is fixed at a certain value for all combined codes cases, the SNR
improved linearly with the square-root of the code length of RZ pulses. However, when the code length
for RZ pulses is fixed and the code length for NRZ is increased, the SNR improvement reached
maxima of 3dB when the total code duration of NRZ pulses was 8ns {code length 8bits x 1ns), and the
amount of improvement started to decrease for longer NRZ code length. The limitation in the SNR
improvement is caused by the decrease in the measured Brillouin signals, which is induced by the
attenuation of acoustic wave amplitude during SBS. In the case of silica fibers, the time constant of the
acoustic wave is 9ns. Therefore, in order to obtain maximum SNR improvement for both Walsh and
Golay codes, the total code duration for NRZ pulses must be set to around 9ns.

In terms of spatial resolution, when the total code duration for NRZ pulses is around or less than
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the time constant of the acoustic wave, the spatial resolution of 10cm was successfully obtained for
coded pulse of duration of 1ns case and for all combined codes cases. However, for dual Golay codes
and combined Walsh (RZ) and Golay (NRZ) codes cases, the spatial resolution is degraded when the
total code duration of the NRZ pulses exceeds the time constant of the acoustic wave (9ns). The
decrease in the acoustic wave amplitude has induced decrease in the received Brillouin signal in the
order of NRZ coded pulses, resuiting in the appearance of side-lobes in the signal when decoded by
auto-correlations for Golay code.

In contrast, for dual Walsh codes and combined Walsh (NRZ) and Golay(RZ) codes cases, decoded
signal with excellent spatial resolution was attained even when the total code duration of NRZ pulses
exceeds the time constant of the acoustic wave. This is because Hadamard transform process in
decoding the Walsh codes is robust against the amplitude variation in the received Brillouin signal.

In conclusions, the simultaneous use of RZ- and NRZ pulse codings proposed in this research has
contributed to the achievement of higher SNR than that of using only RZ- or NRZ pulse coding. The
SNR increases linearly with the square-root of the code length for RZ pulses. While for the NRZ|
pulses, the maximum SNR is limited by the time constant of the acoustic wave, in this case 9us.
Therefore, for coded pulse duration of 1ns, the maximum code duration of NRZ pulses that can be used
to achieve maximum SNR is 8ns (8 bits x Ins). In addition, in terms of spatial resolution, it is
concluded that the assignment of Walsh codes to the NRZ pulses offers better spatial resolution
measurement than that of assigning Golay codes, even when the total code duration of the Walsh codes
exceeds the time constant of the acoustic wave. Theretfore, the combined code systems proposed in this
thesis provide the method to have a balance of the tradeoff between the spatial resolution and the

measurement time of the PSP-BOTDA in accordance to the measurement condition.
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