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Abstract; To reduce the temperature measurement error of distributed single-mode fiber temperature sensing systems, the paper proposes
a temperature measurement method based on Golay-Simplex hybrid coding. First, four G codes are transformed into S codes to achieve
12-channel G-S hybrid coding modulation. Then, the output signals of the 12 channels are processed through S code decoding and G
code decoding sequentially, employing cumulative averaging and wavelet transformation for temperature curve denoising. This verifies
that the coding gain of the G-S hybrid coding is the product of the coding gains of the G and S codes. Comparative experimental results
show that under conditions of 30 km fiber length, 50 ns pulse width, and 64 bit coding length, the amplitude fluctuation range of the
anti-Stokes signal curve in the G-S hybrid coding temperature measurement system is smaller and has a higher signal-to-noise ratio across
the fiber length compared to the Golay code-based temperature measurement system and the single-pulse temperature measurement
system. The steady-state temperature measurement error of the G-S hybrid coding can be optimized from +7.3°C in the single-pulse
system to 2.5 °C, outperforming the measurement error of £3.9 °C in the distributed Raman fiber temperature measurement system
based on Golay codes. Additionally, the spatial resolution can be maintained at 5 m, demonstrating the effectiveness of G-S hybrid

coding for long-distance single-mode fiber temperature measurement, potentially providing effective technical solutions for the integrated
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perception of infrastructure conditions such as temperature changes due to leakage in hydraulic dams.

Keywords :fiber optic temperature sensing; raman optical time domain reflectometry; pulse coding; G-S hybrid coding; temperature

measurement error

0 3l

i

3 A1 2R 2 0 Uk 2 8 R FH D' Al s S 5 AR R B A7
158 PSRN AR B AR B, SE T XEAF I 4k
TR B Sz S G IREEAL RE AR H A
BOGLFINE R HA MR R AU s syt
PeBE Syt e N S T B ZE R B R R
BT RS JE TR A e
RIPVRIR AN A S A R 1 4% TC A AONIR 1 5 s
BT

SR, 43 A =X LSy 2 IR 2R e (9 135 R LRI, HL 2
[F) 53 B3 55 A SRR g I TR B A B 24, AT i 1 &
GEVERESETIHOMERE . AL GERY SRR S R RE LA =
(] 3 B 3 R W L %) Jeg BRI oo 50 13 R D) e e 1
R FO RN 2 ] S0 HER 0 P i

BEXT DK b g B LG 2T A I vh i 1 AF 5 o o
7 TIBZ W98, 1993 4 Michael 1 Y4 H ] Simplex Jik
g RS R TF Ot B B 5T AY ( optical time-domain
reflectometer, OTDR ) FAPE MBI B RS A
X5 A Simplex ik i 2 A% 528 A9 15 M2 L A0 3h 25 78 BBl 3R
AT T 5001, JE R Golay 3 RUR #EAT T I3, 5T
W, G0 5 g % K B 4 0, Simplex Jik o 4 55 B 38 25 = T
Golay F 4% 25 . 2004 4F  FTE AR K Simplex 5
TR G, b 75 S B mrg i, A T —
FERR SRR, X 78 43 A 206 25 M I ( distributed
temperature sensing, DTS) Z& 4t H ok v 2 5 1 1 4243 T
R . 2014 4F  ESCIESE S BRI T RS 20
SRS SR | SR 5 15 G0 i i BT S AR R R AR A4 2
B, AT Golay %, 7E4C BE 512 {7 BE B 20 km 4544
XS AT R I R ST O L 4 0. 228 s HYSFRA N
L/ F 0.025 s, 7 ELAY 1 280 000 1 77 it =5 7] [ =
65 536 {31, B KIRAK T #2575 oR . 2016 4 B g
Xt G-S RS HSTE OTDR H iy AT T 05 EWFSE, H Al
FFTCXT R i A 53 A7 2 2 D I 22 48 v 0 iy A 2 Y
5%, 2017 4, Batista 25> $i2¢ AL FH Simplex ik ith 2
i, 45 456 £F il K %% (erbium doped fiber amplifier,
EDFA) it K 2w T3 J5 19 Simplex Jik i 5 51, I 42 ol FL1E 25
REG T K Simplex Jok B 7 27 B S ELTR) R S B
T KM REEE . 2020 4F, Sun %2 HH T &1k
AT B AR ) B e 3 Jo] 40 o0 0 45 5 b A7
Yk, PR — R I AL B AT AN TR 25 6] FOG AR M B

WP LT IF R s AL T RS I e %
S I VERETEANSR T A E B 115 o0 T A5 B4 T 7TEAS
WAL RGEME RIS OL R AT B R i £ . 7E 39 km
IR B, ALK R GEAR L, T ) A A 5
W gt i oA X & MR R G4 & 1 6.33 dB BYfEME L
7. 24 AR AGHRIE 73 BE R MR N (A1 29 1 s B UL A% Rk
o3 A1 2R IR J7 v R S TR B ELAT A A O I 15
25N R R /N R, S IR BE B KT 15 km B
BAJY e 2R G DU IR AR 8 S ST R R S G e R
SRR SCEE B S AP TR B A ™ B ) 55 2R 4 1 0
KR, SRR IR 2ZE M A, G-S IRA ML —Fh Golay 1
il Simplex ZitiE 4 A 1 —Fp ik b gatis 77 =X, N HH % ik
g A 1) 3 A 2 I IR AR e X D I RS Y 2 T A
Golay M4 R AILT . bk Jr ] LAAE PRAIE A4
1472 [) G FE AR ) ity A 280l /) 0k B 2 g ks
TR BT SR B, T/ 1 2R e N i 5% 22 | PR e
RS

SCHKEAR B 4 - AT B4 A ( Golay-simplex, G-S) R
AN TR 2 OGS 5 ( Raman optical time-domain
reflectometer, ROTDR ) R4t , Hi T W Fp g 7 28 1) B A MR
T, Golay-Simplex BEMERSZPEAHEHOHE, B
HNAIT

1) 23 B A Golay f5F1 Simplex % — % iY77 2k b 72
I k200 B AR 3 Ao G B S A AT 45 5 A iG-S TR A Y
B, MBS A TEIA G-S AP IR R4 H
Pt

2) il i S A HTIR BRI LA K Al e R A LA L
PIHLRERE , S8 LT G-S 1R G i Y BAASE 70 A UL 2
RARGMPIIE, IR, 5ARGIAK w8 6l 1 RS
o, 3T C-S IR A4S ROTDR R4 0] LIS 21T & {5
Wbl SRR T G-S TRA TS A S A Sk

1 RIS

1.1 BRI ARFE

5T ROTDR WGEF R EEAL R G G i ik v
ot M (e) FP= A S mTEURME S H (1) IERBAR

H(t) =M(t) * X(t) (D)

Horp )« RORGRUS T, X (¢) Wk vlrme 57 R &L, 38
T — B A LK O A5 B AN B T B, PR
XA 5 A kPO T AR I G 4T i 2 A SR A i
e 1, K b B AR () B A S AN 1 R



. 246 - S 1[I I IV = 3

39 &

H14G-S
RGO,

H2HG-S
REL0,

H3HG-S
AL,

HAHG-S
RET0,

“am Ca

S | (W ][R RG] [P
SRS | RS ER RS SRS
{ { { {
ey | | fceminen | | moesdmen | | e
[ maowm | | seoem | | seoew | [ semm |
g mns | [ s | [ Rmime | [ e e
351U F31U; KB, el
I I

w)
Bl 1 G-SIRA Rk v 2 He A 2

Fig. 1 Basic principle of G-S composite

code pulse coding technology
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Fig.2  8-bit Golay code of a bipolar sequence is

converted to a unipolar sequence
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30 +7.3 +3.9 +2.5
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