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Correct the Measurement Error of Distributed Raman Optical Fiber
Temperature Measurement System

YANG Rui, LI Xiao-yan, GAO Xiang
(Beijing Aerospace Yilian Science & Technology Development Co. ,Ltd, Beijing 100176)

Abstract: In the distributed Raman optical fiber temperature measurement system, Anti-Stokes light and
Stokes light have different propagation speeds due to the fiber dispersion effect, this will cause mismatch
of the acquisition signals, resulting in measurement error. A method was proposed to use the piecewise
cubic Hermite interpolation algorithm to correct the Anti-Stokes signal, eliminating signal mismatch and
reducing the system measurement error. The method is verified on our 1 km sensing prototype. Before
correction, the Anti-Stokes signals have one point more than the Stokes signals, causing —7.45% error
at front of the temperature peak. After interpolation correction, the signal mismatch is eliminated,
resulting in the system measurement error within +1.5%.

Key words: Optical fiber Raman scattering; Distributed temperature measurement; Signal dislocation;
Error correction; Piecewise cubic Hermite interpolation
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Input:
Stokes signal number: N,
Anti-Stokes signal number: N,
Anti-Stokes amplitude:

i

Assuming the fiber length=1
Stokes scattering positions: X=1/N,, 2/N,,...,1
Anti-Stokes scattering positions:
X=1/N,, 2/N,, ..., 1

!

Anti-Stokes signal interpolation
Vi=IHermite interp(X,.,V,..X,);

Output:
Anti-Stokes amplitude after
interpolation: V;

End
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Fig.2 Fow chart of Anti-Stokes signal interpolation

algorithm
2 ZWMR
2.1 HHAXRFNUEBRLR RS

ARG M R & E T 58 = A (WL E
3) G L H B R S b 3 L op Ol B A AL A O TR
Bk 4y B O #% ( Wavelength Division Multiplexing,
WDM) | #5 % O 25, W I O 27 5 B Ot i O
(Avalanche PhotoDiode, APD)#%1 #8 ; B, (4 3 70 £ 45 -
Z YK 5 B PE R B F (Data Acquisition Card,
DAQ) EABHL M Ik i 3 5 7 5 b B8 3 0 45« B2 HL 4%
A o ) g R AR

Calibration ~Sensing

|
| fiber _fiber I
I [ﬂ,r N (( 2 :
: ngh t WDM - \ \ //‘ - \K \ f"” I
| source -~ -— |
|
: Light |
|
] path_,
r——=—= ____________I
| [ Amplifier |
| circuit Temperature |
: measurement |
| circuit |
| Electric, |
| card circuit ll
______ ———me e ——_——
l ' !
|
: Computer Signal |
| -_— |

processing h

e e o — — — — — ——— ————— ———— —

M3 AR KFliEzeRE
Fig. 3 Schematic diagram of the distributed optical

fiber temperature measurement system
F G U 8 ok ol 28 5 U 03 52 i A O
£ AR BOG LT 2% L B b A FOR W S U (A
T BE AR 2D L FE b S 1) % i B R W = U O G 4R

1006006- 3



T

¥R

e A s 0 9 v o) R 220 I o i AR A it
APD SEHUF R B e, 22 53 O e s A g 5 5, A
i 2 G ARG A ARG S ORI O S ok 4 B R
R AEIFHEAT FUAL B B 5 4 IR AR R IR S i R 4R
IS A AL [R] B BEL 0 3l P g 0 e A 3 A9 AR 2 Dl
2T U AR R 2 A T A AL, AR A R e
B IE AT A R R X 10 0 B AR B HE AT i R O 22 7
15 7R B L.

o3 AR 2O A I 5 5 2R G b L A% S B AR O TR E
Z ik 1 s,

1 SHARXRANERGXERGEESE

Table 1 The key devices and their performance parameters

of the distributed optical fiber temperature measurement system

Key devices Performance parameters
. Center wavelength:1550 nm, Pulse
Light source .
width:10 ns,Peak power;20 W
WDM ()perating—wavelength:
1550 nm/1450 nm/1663 nm
APD Response range: 1400 nm ~ 1700 nm,

ATC

Amplifier circuit Bandwidth: 100 MHz

Channels:2.Sampling rate:

DAQ card
Q car 100 M/s, bit width: 12 bits
) ) Common multimode fiber,
Sensing fiber . .
900 pm casing encapsulation
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