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VOLUME-BASED FIBER DROPFINGERPRINT
BASED ON OPTOELECTRONIC LIQUID SSGNATURE ANALYZER

Q. Song, Z. Qiu, G Zhang

SateK ey Laboratory of Precison Measuring Technology and Instruments,
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300072, China

By merging the light intendty signd from the fiber drop andysis and the drop vdume sgnd from the
capaditive drop andyss or image drop andys's, a volume-based fiber drop fingerprint (VFDF) can be
obtained. VFDF enaures the reprodudibility of messurement againg the variaion of the feeding speed
of the pump and improves the compardality of the VFDFs for different liquids Prdiminary sampling
tests have been caried out. Visud festures and quditaive differences can be observed in VFDFs of
different kinds of liquids. Different brands of the same kind of liquid have different VFDFs too. The
same liguid with different concentrations will dso produce different VFDFs. Expeimenta results
provethat it isfees b eto messure the properties of liquidsand to discriminate liquids based on VFDR,
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1 Introduction

Liquid Sgnature andyzer is based on drop monitoring technology such as fiber drop andysis [1],
capadtive drop andysis [2,3], imege drop andysis [4] and spectrd drap andysis [5] in the process of drap
formation, to study the liquid properties and to discriminete different liquids. Its multifunctiond, pollution-free
features and cgpability in carying red-time messurements make it of extensve prospect in the fidds of
environmenta qudity monitoring, pharmeaceuti cd technol ogy, food, beverage and other rdated indudtries.
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Fg. 1. The schematic diagram of the optodectronicliguid Sgnetureandyzer.

" Corresponding author: sunny512@twimeil tju.an; sunny512@eyou.com



394 Q. Song, Z. Qiu, G Zhang

Fig. 1 showsthe schemetic diagram of the optod ectronic liquid S gnature andyzer. Thetested liquidis
dowly ddivered by the software-controlled micro-flow feeding pump and shaped into a satiated and uniform
drop after being pumped into the drop head through a capillary tube The modulated infrared light is injected
into the liquid drop by a source fiber positioned in the drop head and is cdllected by a detector fiber on the
opposite sde of the drop head after various refl ection, refraction and aosorption of the opticd signd insdethe
drop. The coupled light intensity changes dong with the drop growing and produces a curve named the
time-basad fiber drop fingerprint (FDF).

In addition, the spedidly designed capaditive sensor uses the drop head as one of its plae and a
cylindrica ring plate, which surrounds the drop head and the space occupied by the formed drop, as ancther.
The drop, which can be seen dther as an extenson of the drop heed plateif theliquid is highly conductive, or
asaddectricmaeid if it isless conductive changesthe capacitance d ong with drop growth. Theingtant drop
volume can be obtained through a smplified mathematics modd  between the cgpadtance and the drop
volume

CCD image processing provides anather choice for drop volume measurement and drop growth
monitoring by making records of theinstant drop shape during its formation directly based on red-timeimage
acquisition and image storage technology. Drop va ume can be determined by using Soble or Laplacian edge
detection method and image processing technol ogy.

It isthe purpose of this pgper to put an emphasis on the condruction of the volume-based fiber drop
fingerprint (VFDF) and its sgnificance, and dso to presant the expaimentd resuits of sometypicd samples.
Vaume-based FDF shows the rdation between the light intendgity passng through the liquid drop and the
ingtant drop volume, ingteed of time. It mekes the time-based FDF independent from the speed of drop growth
and the valdtility of liquid, and accordingly ensures the reprodud bility of measurement againgt the variaion of
the feading spead of the pump. What's more the volume-based FDF is more favarable for fine discrimination
of liquids sinceit improves the comparability of the FDFsof different liquids.

2. The significance of volume-based fiber drop fingerprint

A fiber drop fingerprint (FDF) can be gaot by fiber drop analysis, which is the intengity change of
collected light signd with the change of time FDF can be used for liqud property sudy and fine
discrimination among different liquids, becauseit is affected by mechanical and optica properties of thetested
liguids and is unique under certain condtions.

Because FDF is rdlated with time, the speed of drop growth mugt be quite smdl and quite steble so
that the drop is under quasi-equilibrium condition, on which the drap andlysisis based. Since the spead of drop
growth essentidly depends on the flow contral by the feeding pump, it inevitably leads to a heavy demand on
the desgn and manufacturing of the pump in practice. If the speed cannot be contrdlled precisdy, the
reprodudbility of measurement and the uniqueness of FDF cannot be ensured. This problem is even more
seriouswhen avadileliquidis measured.

Fig. 2(a) shows the time-based FDF of the pure water under the condition that the feading spead
becomes dower gradudly. There are obvioudy some differences in the four continuous FDFs because of the
variaion of the feeding spead, which then produces a problem that the FDF is irreprodudble for a certain
liquid and isincomparablefor different liquids. It is an essantid trouble of the drop andysis based on FDF in
meesuring property parametersand in discriminating liquids.

A new representation of volume-based fiber drop fingerprint (VFDF) is deveoped to solve this
problem, whichisthe FDF using theingtant drop volume as the horizontd axisinstead of time.



Volume-based fiber drop fingerprint based on optoel ectronic liquid signature anal yzer 395

Equivalent of Light Intensity Signal Drop Velume (pl)

3500 20

30004

il
235007

2000 a0

13007

1000 2l

500 4

0 2000 4000 6000 8OO0 10000 12000 0 20‘00 40'00 6EIIDD SEIIDD 10600 12600
Time Series Time Series

(a) &)

Fg. 2. Theexperimenta graphic resultsof the pure water under noncongtant ddivery speed: (a) The
light intendty Sgnd or time-based fiber drop fingerprint, (b) Thedrop vaumes gnd.
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Fg. 3. The volume-based fiber drop fingerprint (VFDF) o of the pure water.

Fig. 2(b) shows the varidion of the drop volume of the pure water on the condition thet the feeding
spead becomes dower gradudly. Drop vaume can be obtained by capacditive drop andysis or image drop
andysis. Fig 3 showstheVFDF with data corresponding to thase shown in Fig. 2(a) and 2(b).

VFDF isactudly an overlapping curve of time-based FDF in some successive periods of drop growth
basad on the drap valume. 1t can be found that the VFDF isof excelent repeatatility, which provesthe VFDF
is no longer influenced by the variati on of feeding spead.

This can be accounted for by the following qualitative explanation: the light intensgity detected by the
fiber after TIR (tatd internd reflection) insde the drop depends on the ingtant shgpe or volume of the drop,
which deerminesthe optica path, no matter how long to form thisingtant shepe So it is found thet the VFDF
is independent from the spead of drop growth or the feading speed. VFDF can be cdled the liquid drop
fingerprint (LDF) directly.
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Fg. 4. Theexperimentd graphic resultswhen gop feading for sometime: (8) Thelight intengty sgnd
or time-besad fiber drop fingerprint, (b)) Thedrop volumesgnd.
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Fig. 5. The volume-based fiber drop fingerprint (VFDF) when stop feading for sometime.

If the feeding flow is stopped & some position during the drop growth, the drop will fal into the
compl ete equilibrium condition and its profile and volume are fixed. It can be deduced thet in this case the
coupled light signd from the source fiber to the detector fiber isthen fixed. When the pump goes on to supply
the liquid, the drop valume and the light sgnd go on to change with time from the position of equilibrium
condition, which has nathing to do with how long to stop feading. Fig. 4 shows the signds when stop feeding
for some time during the third drop formeation. The light intendty and the drop volume bath become a
horizontd linein thisperiod. It is dbviousthat thethird time-based FDF is different from the first two ones. But
VFDFisirrdated withthe flow variation and it iswell repestable asshowninFig. 5.

3. Sampling testes and qualitative analysis on VFDF

In this part, Fig. 6 and 7 shows the experimentd grgphic results carried out in the Photonic Sensor
Research Laboratory in Kingston University of UK. Because of the large sze of the orignd data only
diagrammatic representetions, quditative comparison and and ysis are presanted here

3.1VFDF of different kindsof liquids

Fig. 6(a) shows the VFDFs of some kinds of liquids. It can be seen that the drop volumes of different
kinds of liquids are different: the biggest is that of the pure water, the sacond biggest is that of 25% NaCl
solution, the smdllest is tha of ethandl. The light intensities of different kinds of liquids are different too: the
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weskest is that of the pure water, the strongest are those of ethand and CHARCONNAY. Moreover, the pesk
heights and the pesk shgpes, and the areas surrounded by the VFDF curves and the horizontd axis are different.
In generd, VFDF is powerful for fine discrimination among different liquids by using the informetion
extracted from the VFDF of samples and congtructing a mathematica mode or database for idertification

It is worth noting that the pure water and 25% NaCl solution have dmogt the same appearance and
physicd characteridtics, and thdr drop volumes and shapes of VFDF are very dose However, thar light
intengities, and the areas surrounded by the VFDF curves and the horizontd axis, are widdy divergent, which
may be explained by the fact of ther different chemicad compositions. So this proves that the VFDF indicates
some chemical properties of liquids besides physica properties.

Fig. 6(b) shows VFDFs of three brands of ratafee CHARCONNAY and VALENCIA aresmilar and
they are quite digtinctive from RATAFEE in London. According to the gustatory sense, thefirst two teste dike
andthelagt onetadtesrdativey hard.
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Fig. 6. (8) VFDFs of different kinds of liquids. (b) VFDFsof different kinds of ratafee.

3. 2VFDF of the sameliquid with different concentrations

Even though the same liquid is tested, their VFDF have some difference if their concentrations are
differant. The VFDF curves of ethand solution with different concentrations are shownin Fig. 7(8). The drap
volume increases with the decrease of the concentration and the rainbow peek (the first pesk) atenuates with
the decrease of the concentrdion. Fig. 7(b) shows the VFDFs of the NaCl solution with different
concentrations. The variaions of the light intengties are the main differences in ther VFDFs. The same
conduson can be deived that the rainbow pegk (the fird pesk) atenuates with the decrease of the
concentretion.
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Fig. 7. VFDFsof the sameliquid with different concentrations () VFDFs of ethend solution,
(b) VFDFsaof NeCl solution.
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4. Conclusions

Fiber drop andysis (FDA) produces a fiber drap fingerprint (FDF), which shows the light intensity
change during the drop growth. FDF externdizes the overdl properties of tested liquids and is unique under
catan condtions. But it is limitdive in practice because the speed of drop growth cannot be controlled
precisdy by a common feeding pump. A representation of volume-basad fiber drop fingerprint (VFDF) isthen
devd oped by merging FDA and cgpacitive drop andysis (CDA) or imege drop andysis (IDA), which shows
the rdation beween the light intendty and the ingant drop volume, ingtead of time VFDF ensures the
reprodud bility of measuremant againg the vaidion of the feeding speed of the pump and improves the
comparability of the FDFs of different liquids.

Prdiminary sampling tests have been carried out in Kingston University of UK. Visud features and
qudlitative differences can be observed in VFDFs of different kinds of liquids. Furthermore, different brands of
the same kind of liquid have different VFDFs. Ancther condusion is thet the same liquid with different
concentrations will dso produce different VFDFs. Expeaimentd results prove thet it is feesble to messurethe
properties of liquids and to discrimineteliquids based on VFDF

Future deveopment of VFDF is normdization and characteizdion, in order to quartitate fine
discrimination and measurement of liquid properties.
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