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Solution Concentration Measurement System Based on Fiber Fabry-Perot
Interference Wavelength

JIANG De-sheng, WEI Ren-xuan
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Wuhan University of Technology, Wuhan, Hubei 430070, China)

Abstract  To essentially eliminate the measurement errors arisen from light source power fluctuation, a
measurement method of solution concentration was proposed. The method is based on the relationship between
transmission optical spectrum central wavelength of fiber Fabry-Perot (FFP) interferometer and the refractive index
of medium in the cavity, as well as the relationship between solution refractive index and its concentration. Such a
measurement system was developed. A tunable fiber optical Fabry-Perot (F-P) filter was used to collect the sensing
data. Different concentrations of a set of alcohol solution, with the concentration being from 5% to 80%, were
measured experimentally. The maximum absolute measurement bias is no more than 0. 003%. This measurement
system possesses following advantages: 1) It can be used to precisely measure the resolution concentration with a
large dynamic span, comparing with a system comprises CCD (charge coupled device) camera; 2) it is immune to
the fluctuation of light source, and thus a wide range precise and continuous measurement can be achieved; 3) The
test system is largely simplified through employing a PIN photodetector to collect the sensing signal directly; 4) It is
easy to fulfill a distributed remote measurement; 5) The proposed system is quite suitable for field applications
because the concentration of the measurand can be elicited from the light wavelength.

Key words measurement and metrology; concentration measurement; optical fiber sensing system; fiber Fabry-

Preot interferometer; wavelength; refractive index

7% B 3 :2003-05-12; W BIMEBUHT H #1:2003-07-04
EE B REA (1949 , RINE T R¥E AT EREAMAF LI B LAERT, FENFRFERBERWTR.
* BEB A AN . E-mail: rxwei@mail. whut. edu. cn



1128 2l B

b X 31 %

1 5 &

BRRER—NEBZYHE, BT A&
A% DB IR ARAT ML B BT S8 TR T B X R
WREBATIE . B TR N RBORTHERE C
TG BE T R 308 2 0 B 9 VAR 4 5 3 ok ) 2 9 RO
FERERARNITEZ—, BT EAA N, ERER 5 X
RO UENER,. MESSBRELX.EE 5K
MGG RS TESKBREL A P IR A A
SERWMBEBEENITEEAUTEA D 200
5 B A 5 B9 R BE L4 A 56 B0 B O AR AL SE BRI
A SRR X TR B R PR R AR, SBOR R ART
HBRA#R2) KA CCD F{ AN, HHEE H
2 B L B R T, T B VR Y /N, il 3 CCD X
TH 6 B IRBIA R B EBGR T 685 5, it
BRI,

HAE- AP (FP)THERAGH THREE
T2 5 R T AE A ST AR T )T B R
FRE I A SO T — A A K T 8 0 B R
WERAAEBRGE—HET FP THHERALR,
BT BA BT AR AR AN ZARGNE
GERAZICIRRE AR W, MR AR Z/
8 R S R E A T AR SE PR A LA .

2 FTobe F-P T 3K A N
BFMS RS

2.1 WEFRE
W F-P TR TR, ST obE
EASTES, T3 51 e 7 7 Bl A A B 2845 E /Y B
K A M BT WK, BHF A08aE
Znd = kA, ey
HA n,dyk,de 53510 F-P RN BT R 37 55 3, F-P
R, THRRMT W IEFOERK.
B F-P T AN REITH RN no B, 5H
XF LB SR kT 8 AP OD B A Ak W HT (1) KA
PR n 55 HTHEPOLRKA ZABRR
Hin = (no/lo) X » NITIRTTE W4 E T A5 £ 17
n= (n,/A)A (2)
AL, X AR RE R T R TR, L F-P T
WAE 5 e PO PR B9 3265 A T 5 AR 0 38
VARG T 5 R B B B R AR AT A A . SR
Kz BE TR R T F-P N Ho3T 5 R A9 28 fb i

REOGE F-P T AL T ¥ 1B 36 & A 28 4k (P 5K 5
W s> o AT B8 T 95 B 3 5 635 O B, 9T
SF BRI I, T 0 op 0 A 1) K T 19 B Bl 5 )
Z, T K m B T W A g, R I A
BOGE F-P 7 5 g vh0 B A9 28 40 8 W] 3 2 7 )
OEIEE
VBT 5 R 5 R BE 2 ) R R TR A ik
lgn, =[V,/(V, +Vy) ]« lgn +
[V./(Vi+ V)] « Ign, 3
KF VL Vo 2050 R & B B R B R AR oy sy
a3 20°C B ¥ B AN R A I S AR, 0, RIR G
W YT 2 B TR ANVE R B 2% 2 3R o1s oo s B
WA m, TR R o, W H (3 X7

C(?’l) — pl lnnz — pl lnnm

(pz — p1)Inn,, — (o, Inn; — py1nny)

1 (2) A () AT F1, RBAG I e 4F F-P &
6B O B B B AT RO
2.2 fERREHN

RIS AN 1 B 7w » o i T8 20 B B A R R
5 R BA A TR L [ RE T B £ AP AR R B
BICLF AR F-P T 5, B H & 2K X P 5 i
KB E THEE 2R b o vEE 2R 00 A JF 1L, Bt 0 3
WAL R

glass capillary  collimating rack

SM fiber
=

€Y

SM fiber
AN ]

1
sensing cavity

B 1 %4 F-P T wmE

Fig. 1 Schematic diagram for fiber F-P interferometer
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Fig. 2 Schematic diagram of measurement system
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Table 1 Regression and measurement data (mass percent concentration) (T=20C )

Wavelength (A —1297) /nm 3. 084 5.129 7.076 8.926 10.672  12.336  13.940  15.480 17.007
Normal concentration 10. 000 20.000  30.000 40. 000 50. 000 60. 000 70.000  80.000 90. 000
Regression concentration 10. 010 19. 951 29.999 40,0250 50.053 59.990 69. 963 79.971 90. 067
Regression absolute error 0.010 0. 049 0. 001 0.0250 0.053 0.01 0.037 0.029 0. 067
F2 WEXEWHR(T=20C)
Table 2 Test data (T=20C)
Normal concentration /% Test 1 Test 2 Test 3 Average concentration Absolute bias
5.556 5.547 5.562 5.563 5. 555 0. 001
10. 884 10. 891 10. 886 10. 882 10. 886 0. 002
20.104 20.110 20/106 20. 097 20.104 0. 000
40. 082 40.078 40. 073 40. 085 40.079 0.003
80.133 80.129 80. 131 80. 135 80.132 0. 001
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