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Abstract: A portable up-conversion fluorescent strip detector was developed to achieve the quantitative
analysis of the up-conversion fluorescent strip. The performance of the detector was verified by
practical measurements. The up-conversion fluorescent technology and the principle of up-conversion
fluorescent strip were introduced firstly. The up-conversion fluorescent strip detector contained two
critical components that were optical scanning system and electrical system, enabling the conversion of
fluorescence signals to electric signals. Then, the prototype of the detector was developed and tested
experimentally, therein the sampled signals detected by the strip were optimized. This apparatus

proves great stability and repeatability, and the standard deviation of the detection is less than 0. 004.
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The linear response characteristic is also excellent as the coefficient of determination of concentration

standard curve reaches 0. 996 3. This detector has a low power consumption and high performance

with an exquisite structure, thus satisfying the requirements of quantitative analysis through up-

conversion fluorescent strip.

Key words: up-conversion fluorescence technique; optical scanning; standard curve fitting; quantitative

detection; low power consumption
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Fig. 1 Schematic diagram of up-conversion photoluminescence

strip
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Fig. 2 Schematic diagram of optical scanning system
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Fig. 3 Spectral transmission curve of long pass filter
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Fig. 4 Spectral transmission curve of bandpass filter
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Fig. 5 Block diagram of electrical system
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Fig. 7 Appearance and internal structure of portable up-

conversion photoluminescence strip prototypical detector

FZAE R E I 0.1 png/kg WU B bR
Y fi B 4R 2% A5 B 19 L 0 il 2k 0 18] 8 Ca) i
718 o AR B Ay ) RO 50~ 550 BY A RORHE
KO M B8 AT LU M s WL B T 4 C 4R
Fi U (L FHY £ A SF- 98 SJe MR 7 ] I T D o 2% i
LA W] A R TS I S [ IR 23 B W ok
SR MER P 75 BT B R Ak R A 1A 9
B

45
4.0-
3.5+
Z3.0 f
S 2.0 1
=15
50100 200 300 400 500 550
Sampling point(Point number)
Ca) JEL 0 B30 it 2
(a)Original data
4.0
3'5. ¥ a
3.0 [\1
524 [ A
£12 . 1\
> 05| / -\
on i A"
%0 100 200 300 400 500 550
Sampling point(Point number)
() 4b 3 4 A3 il ¢

(b)Processed data
Fl 8 B kR AR S I B s

Fig. 8 Data of upconversion photoluminescence strip test



% TR

%25 &

588 2
J5Uf KA
i
R 4
1
PR R
1

SRR TIC

(IR G €1 LB R

Fig. 9 Flow chart of original data processing algorithm

JECUA BN T % MR R S R YR T R % T 1 1 Mg
AL NC B B VTR s 2 e i T4, KZ2 ok
BEAILIGE S ¥ 20 57 25 8 U i T 5 fRT A L 3 #E A A
PP /D 5 T 28 M s A BE bR . TR AR Sk
T 5 A5 Bh Rk il vk A BER AR EE L A AR

X, = %Z; X {i=50,51,52,+,550}.
(D

T—2 TR HBRELER ., 5 Z A
B, T 4R C LRI AY P A4 06 DL AT B R R
MBS R B Y AL B, T SRR A AR A X
D1, R b A SR 0 O O P A 0 L AM I SR A
SRIE, X EM T Z4.C LA K E N
O BT 90 AN SRR M 6 B, I B 3 2 0, 749 3 3
A . N 2 BR85S B 2 0 X i T 4
Ly

y=4,59642. 741 X107 2+1. 07 X107° 2* —
1.633X10 7 2% 44,751 X10 " &' —4. 072X 10 ¥ 2°.

(2)

SR - FH I o M 75 5 1% 5090 ek 2 B 2k O R 1Y
Xof O 5 A5 2 0 s MR L T R ik 4R TR RS 11 B il
&L E S iR,

AR SRR w0 B ik T R TR S
FALElL 0T A K 9 Sk HE A
T 5 — WKAE AR AW LAl s s 28 =, 2
PEAF 5 T, 578 ) e 75 R FE A 2 IRV 1R
S, DRI AS T AT B b 33 e W K (AL R K
FENEIE , F T U L B R S AT R LAY i 22
C MW7 R A 2 50~275 N, T LRI IEALE 275
~550 N, DI T C 2R 1 O 3C DL 0 T LS
R T 2 C Lo Xt L iy 6am) Ry ], DL i 58 40
ARFE S AE BSR4y B LA 50,51,52 &
236 SRAE S S AL R 2 3 2R ALy o 5
FRET AT 45— A T AUBCAL L b e KA B OR Bir

Ko RIERRT SR T X I i) > 0 1o AR, i i SR A5
T/C,
4.2 WWNERSWH

DIV H9 0,0.1,0.5,1,3,5 F1 10 pg/kg 1Y
WD B R AR O AR AN A B, A
IR A e B R AR AR R AT 5 IRE MM, 2
MAERFEITFESES T/CMHURE /NS S5
PR 1 i, 7 A B 0 AR o 25 N T
0. 004, Ut B Z AN B AT R AP A k. B4 ik
JEBE T 26 ST, 1 CV (28 5 R H0 B
JEE 018 T v S 48 K A, U A S0 ARG T AR 5 O A
(A RE S8 AN FRAR , B 32 s T4

®1 FEARERAZESNERHEM T/CHE

Tab.1 Results of repeated measurement for strips

with different concentrations
W/ (g kg D)

0 0.1 0.5 1 3 b 10

FRRH

1 0.558 05 0.480 78 0.286 46 0.159 94 0.079 99 0.051 64 0.000 49
2 0.562 24 0.483 43 0.28842 0.160 05 0.077 84 0.049 34 0.000 54
3 0.560 37 0.484 89 0.288 50 0.16240 0.073 05 0.047 71 0.000 47
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Fig. 10 Standard fitting curve of concentration
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Tab. 2 Relative errors of concentration measurement

W/ (pg « kg™

4 YR B
0.3 2 7.5
1 0.370 92 0.088 12 0.022 26
2 0. 368 83 0.087 20 0.022 32
3 0. 368 88 0.087 25 0.022 30
4 0. 368 80 0.087 86 0.021 99
5 0.369 15 0.087 48 0.022 14
SE-H{E 0. 369 32 0. 087 58 0.022 02
WeHE 0.360 16 0.096 82 0.022 23
X 22/ %% 2.54 9.54 9. 44
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