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A) —TJ7 1y AOM $2 ik Ik ) ik vi A5 =, 53— J71Hl
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(color online) Experimental setup of distributed temperature sensor of BOTDR system based on

HE K

demodulation for sideband of Brillouin gain spectrum.
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Fig. 2. (color online) Schematic mechanism of fre-

quency in the backscatter light.
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= pK(QEE(t)[l + cos(4mvgt + 2¢1)]

1
+ iEé(t){l + cos[4m(vo + vrs £ vB)t

+ 2¢2]}

+ %Eﬁ(t){l + cos[4m(vo + vrs)t + 23]}
+ Ey(t)Eg(t){cos[2m(2v0 + vps + vp)t
+ (1 + w2)]
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Fig. 3. (color online) Sketch map of the demodulation principle of BFS based on microwave heterodyne

technique.
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Fig. 4. (color online) Measurement of laser linewidth.
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AOM SHE N 27742 200 MHz [f)_ER T (vps). N
IESZiZPL R, SEi b2 AOM 1 J5 1 Bk vkt 5
S NAT IS B 5 (b) 3 0l 28 TR (K30 40
W, 5 (b) o S il 26 S BT FE A A 7D e 7S R
o1 il 22 0 AOM R il J5 Rk b el A, HL ik i >
A S LR LT E A 45 SRR AOM skt
HYFE O T 200 MHz (482, ELEHI S 1Rk
FEINF A vy + ves. E5 (a) TRt i oo i
7 (4) R A S I, SRR e ] B  H
AIHUR G (FF N vo + vrs) 547 BRI OE (PR
Mg £ vp + ves) FIFASIRE, FE UG E 0T B ) 451 26 B
A ARG vg; AL A R (4) s A
S — I, R A BN U6 TR T G (R
vo — UB +Urs )~ RITFE T BT (B A vy +vB +vFs)

G552 (BN vy ) FASI U F AT, U
{EXT B FIAR 253 3 vp F 200 MHz 245, 5 (a)
SR, A B K B 25 1 A2 1 04 {1 Th 2R L At A
F1203.27 dB, H.58 g 5 T A 0 W {E T 2 J
—1 dB % b p o0 g 42 14.5 MHz. 8k #6450 B I
38 35 1% A0 30 s HEAT SR A A R R AR R AR 2
BT R O AT 45

—58
(a)
. 197 MHz 203 MHz
) S ——— |
g 1dB —= l
a _g2 | linewidth :
= 33.2 MHz |
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Fig. 5. (color online) Beat frequency signals: (a) The
beat of the reference light and the backscattering light;
(b) the beat of frequency shift 200 MHz caused by
AOM.

DA UIE B X A EEL I 3 2 0 A e R AT A R A A
FIT g R S PR A0 A B A 6 I rp o B T A AR IR
6 (BH8104-D) I JE A3 E £E 25 °C M 55 °C, 737 %}
P 5 () H 0 A B0 2 3% mp 0o W R e 3 AT 4
fii, AN 3 MHz, &AM fU0 R 7 T3
212 5 H P AR 25, IF FH LabVIEW % 2 i3E 4T
Bl ab . X R — a8 A B S 15 5T e
ZEANE FAR IS 5 B O E ST R A, By
ZAL B A AT BN, AT BR G EF AR B N AR
FAAE RS, DAEIR AR 25 ©C I 27 Uy 4R 1 A BL K
SR AT B0 AT LN AR 22 (VT R A A 1 0,
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WA AN 22 3 HEAT . A5 R EoR, wium E T A <oh
(9210 km JEEF, Xof A B8 25 5 o O Dl N A
ELRATRS 2 8 S PEE S v T %o A A A P A R
X B TR IRAE T 103 mGLT, WL AT SR
FH T g U SR (PR 22 0 35.34 MHz, SN &
N 1.61 MHz; {H X A7 B 38 25 3% rpv O 0 41 486 15
il R AR 22 N Sl R L TR O
PRI R G LE 00 A AR . Rt n 4, 4
25 TE WOk 35V SR IR, 0 A B 3 25 45 1 2 1
At 2 AR R T R I Tk L e i 11
gER.

45+ 45¢ 35.34 MHz

d .
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30t \}
1
5 L
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15

Frequency difference/MHz
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Fig. 6. (color online) Demodulated BFS differences of fre-

quency scanning the central peak and the left sideband of

Brillouin gain spectrum, respectively, along the optical fiber.
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AT FLUR I 2 0% R B, LR R KRS
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PRl E 17 3 B ATT BRSO S 5 (045 M LU T BRI, 3

B S0
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PR 5 (1 58 B T DU — 20 150 B ) 789 UEg 1 1 A
VA AR A B B 8 BT 7 43 ) DR AT LUK 3 2 1%
OV (BRLR) . JE a0y (L14R) Xof LV AE AR R (4
T RO K AR RN, SR EOR, FEE
LT B (3G I FL A 4015 5 0 3R ek /N, HLAE
F £ AR Uity 2 320 75 Kk LA AT 5 T R L e O D ARk
N RAE 35 4.35 dB A2 A5, BT & 1045 e L B bL s
5 L 255 4.35 dB. B8 R, Je4f [F— A B AL,
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Abstract

A novel method by demodulating the sideband of Brillouin gain spectrum (BGS) is proposed and demonstrated
in order to enhance temperature measurement accuracy in a Brillouin optical time domain reflectometry (BOTDR)
sensing system in this paper. Firstly, the characteristic of frequency shift of an acoustic optical modulator (AOM)
is utilized to generate the sideband of BGS, and the influence of the peak power of the probe optical pulse on the
temperature measurement accuracy is also investigated. Moreover, the theoretical analysis shows that benefiting from
the reference continuous light from the source laser by the coherent detection, the intensity of the sideband is higher than
that of the central peak, which indicates that the higher signal-to-noise ratio (SNR) can be expected by demodulating
the sideband of BGS instead of the central peak. Thus the demodulating the sideband of BGS can further improve
temperature measurement accuracy in the BOTDR sensing system theoretically. Secondly, the experimental setup of the
distributed temperature sensing system based on BOTDR is built. The AOM is selected as the optical pulse modulator
to produce high-extinction-ratio probe pulse light, following the frequency upshift of the injection light. The beat signal
generated by coherently detecting the backscattering light from the fiber under test (FUT) and the reference light from
the source laser is acquired. Furthermore, the central peak and the left sideband of BGS are respectively scanned by
using microwave heterodyne frequency shift technique. The time domain waveforms at each frequency point are then
obtained and Lorentzian curve fitting is performed at each sampling position, thus Brillouin frequency shift (BFS) along
the FUT is plotted and the temperature is demodulated along the FUT based on the linear dependence of the BFS on
the temperature in the optical fiber. Finally, the experimental results show that the peak power of the left sideband
of Brillouin gain spectrum is about 3.27 dB stronger than that of the central peak. Meanwhile, the linewidth of left
sideband of BGS is about 14.7 MHz narrower than that of the central peak at —1 dB point in the same conditions. When
the left sideband of BGS is scanned, the SNR of the BOTDR system is improved by 4.35 dB due to the contribution
of the reference light by coherently detecting and eliminating the effect of the coherent Rayleigh noise, and then the

temperature measurement accuracy of 0.5 °C is achieved over a 10.2 km sensing fiber.

Keywords: Brillouin optical time domain reflectometry, sideband of Brillouin gain spectrum, peak

power, temperature measurement accuracy
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