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These methods are obviously complex and do not allow online control during the production

20  process.

There was therefore a demand for a means, which can detect all luminescent particles occurring in
any given measurement volume in real time reliably and accurately in a liquid which is flowing
pipeline for example from a production plant. At the same time, the design of the apparatus should
25  be simple and robust, and be able to withstand in particular temperatures of up to 400°C at a

pressure of 40 bar.

Document WO 2006/136147 A2 describes an apparatus for detecting scatter-light particles using a
depth-limited diffuser, in which the particles travelling past the apparatus in an optically limited
30  measurement volume are detected by means of a camera. In this apparatus, uniform illumination
without light convergence or divergence is achieved in the measurement volume, the measurement
volume being narrowly limited in the depth by means of a depth-limited diffuser, such that only the
particles flowing within this volume can be seen. Arranged orthogonal to the diffuser is a video
camera, via the resolution of which only the two dimensions of that surface of the measurement
35  volume which is aligned orthogonally to the video camera are described. Both particle counting
and particle identification are possible owing to rapid, highly resolving image detection and storage
with the aid of evaluation software. Here, it must be ensured between two images that 100% of the

measurement volume is exchanged. Recording of the particles for a longer detection time is
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sensitivity of detection and the particle resolution. The liquid is removed by way of an outflow

channel. In this apparatus, no particular care has been taken that each particle moves linearly within
the measurement volume paralle] to the liquid stream. Accordingly, methods for reducing the flow

variations over the measurement region, in particular at the edge of the channel, are used to
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caner a3Whi Eﬁ“tIHEOWF whidethey qontiruetemoyejnthesipwirgliquid. particle is
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counted nore than once, in particular in the case of a probe with
In a further embodiment of the present invention, the detector records, over the integration time, a

series of images which are added up over this time. The particle tracking over the series of images
requires a camera which is more sensitive to light so that a particle is detected, but is considerably
35  easier so that a particle will not be counted more than once, in particular in the case of a probe with-

prism window. In addition, the method has the advantage of reducing noise.

Every particle has a directional flow and can be recorded over a relatively long detection time as a

light point or as a directed light track, which enables reliable image analysis.
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time, so thathhehEsindhe Yreeraden Hps iy the Lme gpertielsittkeaty figw thraigh the light volume
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parti cfé sPhEsm thomepsaremert eelitis sonfienigh sughsthy tes dimsngignedicrdifahor ight beam and

range of 4hetephitted light ate orientated such that they are perpendicular to each other,
wherein each particle moves within the measurement volume parallel to the liquid stream, and the
liquid stream flows at a fixed angle to the excitation light,
wherein the liquid stream, the detector and the light source are situated in one plane and,
25  wherein the detector has an interface with the element for controlling the integration time, so that
the detector records the light emitted by the luminescent particles over the time a particle takes to

flow through the light volume at the input flow speed.

The fixed angle of the particle stream to the excitation light is preferably within the range of 45 to
30 133 degrees.

In order to permit clear identification of a luminescent particle on the basis of the intensity of its
emission light, this intensity is added up over a specific time — also referred to as integration time.
The integration time is defined as the time a particle takes to flow through the sample volume at a
35  fixed flow speed. In the present invention, the detector accordingly has an interface with an
element for controlling the integration time, so that the detector records the light, emitted by the
luminescent particles, over the time a particle takes to flow through the light volume at a defined

flow speed. The element for controlling the integration time is typicai]ly part of a computer.
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content in_a pipeline can be covered. |If necessar eomet r
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Wi th respect tqg each other. Alternatively necessary orientat
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of prisnms aigedivé fight Beams to each other can be achieved by means of prisms and mirrors.

In a first embodiment of the probe according to the invention, a transparent window for
30  illuminating the pipeline channel (illumination window) with the excitation light and a further
transparent window for recording the emission light by means of the detector (detection window)
are located in the pipeline wall. In this special embodiment (see Figure 1), the pipeline is bent at an
angle of 90°. The illumination window is located on one side of the pipeline upstream of the bend
and the detection window is located on the side of the pipeline immediately downstream of the
35 bend, such that the detection window is open over the lower part of the pipeline duct and the
detector records the liquid stream flowing towards said detector. This embodiment has the
particular advantage that the stream is observed at a fixed angle of 0 degree with respect to the flow
direction, and that each particle is correspondingly detected as a point, provided it moves

rectilinearly perpendicular to the excitation light during the entire integration time.
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It is also possible to configure the detection window such that dead spaces in the 90°-angle in the
pipeline are as few and as small as possible. To this end, the configuration of the detection window

35  canbe matched, as shown for example in Figure 5.

In a second embodiment of the probe according to the invention, the necessary orientation of the
respective light beams with respect to each other is achieved using a prism. Typically, the

measurement cell has in that case a single window which is inserted at the edge of the pipeline in
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geonetﬁ? and optical characteristics of the prismensure the

appropri at dnpky paadr chd @Tsnﬂdﬁdnﬁ@tﬁr@tﬁdn? theOthickd¥8s fe{’(&bée%ltaﬂﬂn hl,lglﬁmeaﬁlols A&erably
em ssion |i servation ace at a fixed angle
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particle i prefeablydsol pmSod ot 18 tHiOMpbnds bR the didnetd? of IR oASGaffel. tF‘aPexample a
prism confi t he thickness of the excitation |ight beamis

preferably lﬂﬁ{%&) PSS of AR maTehan opmds Prﬁf?@ﬂ%fobéﬂpmhmekﬁam%@éé@m dfthe

a t hi chfessnaafuréifeni®slemé Rarealer tHh tHldehiRLARYs r@é@n it PattR1e3 aff o IQ’rger measured
this depends?ﬁ?le\fklkg% di aneter of the f (?W channel . For exanpl e,

li ght beam® Jeqgrement pyperely 108 ok detgiing evens, dheomeaserement valume should only

f 1 ow channek salifiai®ityegread for 20188ling & nhldR lide afFRSHEMENt VOl UM i'S
greater than the depth-of-focus region, the particles are no |onger

measured exactly. If the requirenent is nerely one of detecting

events, th&ofiasehiRmaiénty 0lHi® sheed, Anhy D@a&%ﬂ‘a%&h?%ﬂ ﬁﬁe%ﬁﬁéxar&%rof the
col | ecggng as nuch Ilght as pqssible. For the enbodi nents

descri B&d, mepsurapenh eslbimbs feaielist drectly byeeape pieating plemets, t“’rlfé t@@result that the

measur erfentterﬁiﬁkdturé of 1he 1ig@a oM gglstdaf 66 kdpy c&ﬁétaﬂﬁ@ﬂﬁca@heﬁﬁ@%feﬁg?ts are ¢ 011 trace
result that the tenperature of the liquid

el ement s, th t
past can bgle%’élgt"‘ gﬁﬁ&gé gonelygrglechycabhestingng el enents are oil trace
heating via heating channels or electrical heating. In the present

i nvention, detector can usually register the intensity of the
light enit ﬁ%ﬂlewesf’lﬁén‘%‘ilﬂ’pﬁfﬁ&@@ﬁ{ Canatshally) registert they injpagis @fﬁg% HeldfenB0Ql by the
to 70026m nirinésdent pAtiEIESAt aYvaREled NP of SCBID 760Thrh {18 theieds of the light emitted by the

light-scattering particles is registered by the detector, this usually takes place at the excitation
wavelength. If necessary, emission filters are used to selectively detect this wavelength range.
It is also possible to use a plurality of detectors, wherein detectors for detecting luminescent

particles and detectors for detecting light-scattering particles can be combined (e.g. as shown in
30  Figure 10).

Possible detectors are, for example, CCD cameras, CMOS cameras, amplifier cameras,
photomultipliers and photocells. Suitable cameras are those which are sufficiently light-sensitive in
the detection wavelength range (500-700 nm). For example, the Stingray camera from AVT (image
35 frequency 9 to 84 fps depending on modél) is used. The advantage of a camera is that it not only

detects the luminescence intensity of the particles but also their surfaces.

According to the invention, the light source irradiates the sample volume of the flow channel

continuously or over the integration time and excites the particles flowing past.
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em ssion filters are used to selectively detect this wavelength
range. It |s .also possible to use a plurality of detectors, wherein

dot oot ors fBvicAR: BE isgEtiy s isdpaished Elath% 129 afdheapaplaaelume vcktofiflow speed.
detecting light-scattering particles can be conbined (e.g. as shown

in 30Figure 1Q). Possible detectors are, for exanple, CCD caneras,
OGS canrer 488 d%fﬁfﬁ T PP (besmpssien lighotrermite plignied iuerion @vemmibe dusegration time and
Sui t abl &£ canBias e Bfckame toVH i %@eﬁﬁl‘}ﬁb'ﬁﬁit,%!h?cﬂtié WudllyPate 0B £Bthutere 1N
the detection wavel ength range (500-700 nm). For exanple, the
Stingray canera from AVT (i mage 35frequency 9 to 84 fps dependi ng on

nodel ) s UBeOGnagd Aieridlie HpRERy BhalBed A¥BI Mg t8 et irf FIBQAE 7OMeMatlel&GdsSised
the lum nescence intensity of the particles but also their surfaces.

WO 2011/ 063HBIPY - pCT/ EP2010/ 068998 Typical |y, the integration time

is matched to the size of the sanple volune and to the fl ow speed.

The dejector records the enmission |ight fromthe channel interior

over tifg i%i’%%?ra?[?l??ﬁ of jthea Prgsrat SRvenipsisttherelaresa impthod et idetacting laminesaepioand
anal ysi s ugptionalWhilight-stfiretd! phtti¥lePak ta Afui@ CRNTRH HREugh THE IR0 Sccording to th
mat eri al igl!’typ‘ii,y(ﬂ;zaF]Ih ana%?ed accoradi ?\g to the ch%grt inﬁrFi gucFC(gr '}l?g o e
the data afwelioacudle PHavHasipt. 10Anot her object of the present

invention is ihRef@fid zofMElMOGbIEE aﬂﬁhﬁtﬁﬁﬁ%@ﬂéy\&'?£@§ﬁﬁ&§cuﬁﬁg%the inte%ration
optionally light-scattering particles in a'liquid flowng through the
probe accor ditff 10 ehmentfrenntreiing the inteeraiien ik withi theyintageapien time being the time

I nput ting t he paitze ies & fdvafRtoudiPthl Weht 3O e APHL biR8d ol E@W?,Speed and
calculating the integration time in an elenent for controlling the
i ntegration tigheEXCiton by wEeht stvses for defining theligherolgmehe time 15a
pa”ij cl e t akegtebdbnldremistibs AWERord Ker b HierdBh HAB vRel RS rdalidgd f1ow
speed, -~ analysis of the detection data by means of an image analysis unit,
- outputting the number of particles and/or size distribution of particles and/or intensity
20 distribution of particles per volume and/or per weight and/or outputting a collective image of

luminescent particies over a specific time.

Another object of the present invention is the use of the probe according to the invention and/or the
method according to the invention for online monitoring of a production plant, in particular plastics

25  production plant, wastewater treatment plant.

Figures 1, 3 to 6 show possible embodiments of the apparatus according to the invention, without

limiting them thereto.

30  Figures 2 and 7 and 11 show the sequence of the method according to the invention and the

sequence of the image analysis in the image analysis unit, without limiting them thereto.

If a series of images is recorded over the integration time, the images can be added up before the

image analysis in the image analysis unit and the analysis can be continued according to Figure 7.
35  Inthis case, the image is the added-up image. 7

Alternatively, the image analysis unit can carry out an image analysis according to Figure 11 and

the adding up 1s carried out as part of the image analysis.

Figures:
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anal ysi s i nFigh® i nefet 6iad ySigs antilysts, Inmetlﬁ@gbtanhlyﬁ& i@l tﬁé@ﬁﬂoﬁﬂ@eﬁ?'fiﬁwhmh the
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i mages can be adde HEF roarde %"qtlﬁ‘éf@’élyé’ﬁ%flV%lﬁ%"eiﬂoﬁgw@tqcﬁﬂg@me which is equal
anal ysis unit and ttdﬂtheam@ératﬁhﬁnﬁan be continued according to Figure

7. 35In thlﬁ se, the |mage i S the added-up inmage. Alternatively,

the i nage atéi £S| s °HRPt of therpupbenaf fyprescapt Plaﬁ‘ﬁﬁépedlﬁéﬁﬂy@iﬂﬁo‘@éb@? ding to
Figure 11 arg. gthe aolticig: iR d&tﬁeaﬂﬂok@@lmewmae%onaré offs the imge

anal ysi s. F%g IR{R\QOEO# 069976 9 -PCT/ EP2010/ 068998 Fig. 1:probe
accordi ng tod=ttie i AP e FImAliAREpus, datRelion §F d¥ranesews dierisles apd Higjt-scattering
2: process chart particles

Fig. 11: chart of the image analysis in the image analysis unit in the embodiment, in which a

series of images is recorded over the integration time
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"1 Fig. 5:window variant in enbodinent 1 Fig. 6a:side view of

enbodi nent Refaserchsivhe prism Fig. 6b: plan view of enbodinment 2 with

the prismFig. 7:chart of the imge analysis in the i mage anal ysis.

unit in the enbodi nent, in which the 10particles are recorded

cont i nuousllylightesuree rel atively |l ong detection tine which is equal to

t he integrgtiqn time Fig. 8:output of the nunber of fluorescent
particles pe?eaw§n1nelt over time Fig. 9:collective image of the

f | uor es6ent2adartiocioedetaiay lnmiddsusfitpafticlps 10: probe for the sinultaneous

det ecti on | um nescent. rticles and. |ight-scattering 15particles
Fig. 11 Chg}tdet(?i%&ﬁégﬁi‘%‘?‘(‘%@%ﬁ%‘ﬁﬁﬁaﬁ%ﬁ%PFWC{eﬁe i mge analysis unit in the
enbodi nent 3 pipelitdeichdnnel seri es of inmages is recorded over the
integration ti ne 2011/ 069976- 10 - PCT/ EP2010/ 068998 Ref erence
signs: 1 I'i §RT"ESE'ce 2 detector

5 excitation light beam
10 6 emission light
7 window pane
8 glass-metal seal
8 aperture
10 prism
15 11 dichroic mirror 530 nm
12 excitation filter 400-500 nm
13 fluorescence filter 550-650 nm
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gl ass-netal seal 9 aperture 10 prism 1511 dichroic mrror 530 nm 12
excitation filter 400-500 nm 13 fluorescence filter 550-650 nm WO

2011/ 069976A pmmeﬂﬁiﬁ/ﬁmwélﬁwm lﬁihaimhb dtér wAs Bérd el dnlrﬁﬁglw?f %058 o th

i peline c anet.er ent .at, an an e o0 n e
BI Bel i ne wa paII’FF%P? }”ﬁlm’lﬁl THERR B qdloé‘dm%ﬁg%ﬁféh"sli"ﬂ%m%flp%tﬁém of the
pi pel i né uﬁEhdl aaim dfectiiewinddvensk BiNed an ﬂlletsﬁe bf BEpipeIHE Mn%ﬁel@“db%ﬁéﬂre@zﬁ of the

h d f t di ately downstr of the bend, so that
Lhe et et 2SR AEes Ry i SOt Fadper gt af dheopgieric and the

duct and t hietediet entdrecedtnk tiqiiie etedach fldwend toGitidsls:5d deeaep:f | owi ng t owar ds
said detector.

The distance d from the centre of the illumination window to the surface of the detection window

10 was 14 mm.

Both windows were round with a diameter of 9 mm. In each window, a conically shaped window
pane made of sapphire, which was 10 mm thick, was mounted flush with the pipeline channel by
way of pressure by means of a glass-metal seal (Figure 3).

15
The probe was installed into the pipeline of a polycarbonate system, in which a polycarbonate melt

flowed at a temperature of 300°C at a flow speed of 6 m/min.

Mounted in front of the illumination window was a commercially available xenon lamp

20 (Drelloscop 255, Drello) in combination with an excitation filter (HQ450/100 M-2P LOT Oriel)
and an aperture. The excitation wavelength of the light beam was set with the aid of the excitation
filter at 400-500 nm. The light beam was focused onto an average diameter of 2 mm by means of
the aperture.

25 A camera (Stingray F-033B from AVT, up to 58 fps) in combination with an emission filter
(HQ600/100M-2P from LOT Oriel) and a beam splitter (530DCXRU from LOT Oriel) was
mounted in front of the detection window for selecting the tecording in a wavelength range of 550
to 650 nm. The camera was mounted perpendicular to the excitation light, so that it could record
the entire diameter of the pipeline channel.

30
The interface of the camera was connected to an element for controlling the integration time and to

an image analysis unit, both being elements of a computer.

In the element for controlling the integration time, the size of the sample volume (2 mm) and the
35  flow speed were input. An integration time of 20 ms was calculated. The light source illuminated

the sample volume continuously at a wavelength of 400-500 nm.

The camera recorded images of the sample volume in a detection wavelength range of 550 to 650

nm over the integration time controlled by the element for controlling the integration time.
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" surface of the detection wi ndow 10 was 14 nun Both w ndows were round

with a dianmeter of 9 nmIn each wi ndow, a conically shaped w ndow

pane nade Ay whi.ch s, 10 thick, was nmounted flush with
Phe. pi pel i a5t tRE o R m o AR oo A Apdprgfe pocessed
seal (Fi gurby tB)imagSartlysis pnivleonding 1o Righral7l ed i nto the pipeline of a
pol ycarbonate system in which a polycarbonate nelt flowed at a
tenperature of 300C at a flow speed of 6 nimn. Munted in front of
the ill énm dagire? anid @dbew passibl coprsefiaipadcessim\oditeabke xenon | anp 20
(Drell oscop 255, Drello) in conbination with an excitation filter
(HQA450/ 100 M 2P LOT Oiel) and an aperture. The excitation wavel ength
of the Iight beamwas set with the aid of the excitation filter at
400-500 rim The |ight beam was focused onto an average di aneter of 2
mm by nmeans of the aperture. 25A canera (Stingray F-033B from AVT, up
to 58 fps) in conbination with an em ssion filter (HQO00/100M 2P from
LOT Oiel) and a beamsplitter (530DOCRU fromLOT Oiel) was nounted
in front of the detection w ndow for selecting the recording in a
wavel ength range of 550 to 650 nm The camera was nounted

perpendi cular to the excitation light, so that it could record the
entire dianeter of the pipeline channel. 30 The interface of the
canmera was connected to an element for controlling the integration
time and to an image analysis unit, both being elenents of a

conput er. In the elenment for controlling the integration tinme, the
size of the sanple volune (2 mm and the 35fl ow speed were input. An
integration tinme of 20 ns was cal cul ated. The |ight source

illum nated the sanple volune continuously at a wavel ength of 400-500
nm The recorded data were transmtted fromthe canera to the i mge
anal ysis unit and were processed by the inage analysis unit accordi ng
to Figure 7. b5Figures 8 and 9 show possi bl e outputs after processing
of the data. WD 2011/069976- 13 - PCT/EP2010/ 068998 C ai ns
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measur ement vol ume p fyeatering PEHEes | quid stream and the |iqui d

stream fl ows at -a fi eadlcargl fr Ecﬁltrbhhﬁg exGhit@hfidnivhd, @itch W& 18} PiptdiBe the size
liquid stream the detector and t he nf%ht source are situated in one

pl ane and, wherein t S HETET SPIURE A NIOF AERSFIRg c TRk $Pesch ands fsnenbqulgtipy and

controllbi ng the integoatdlig thé ﬁi&;graii@n tilatthd ﬂﬂ%gﬂﬁ&@%@ﬁelﬂﬁe‘{'ﬂe ki@ c}ﬂl’ﬁcnzeiakes
light enmtted by the | ul ate

rticles over the 25¢
integration tinme. 2. ﬁ?gB‘@qﬁﬁ‘tgg %3“{%“!@ %ltl?ﬁ’ﬂputgﬂ‘éls%@’erl zed in that
the fixed angl e wierei)én pRy inbadliRmAT RAMbeQlimensioned excitation light beam and the light

emitted by the luminescent and/or light-scattering particles are orientated such that they are
perpendicular to each other,

20 wherein each particle moves within the measurement volume paratlel to the liquid stream,
and the liquid stream flows at a fixed angle to the excitation light,
wherein the liquid stream, the detector and the light source are situated in one plane and,
wherein the detector has an interface with the element for controlling the integration time,
so that the detector can record the light emitted by the luminescent particles over the

25 calculated integration time.

2. Probe according to Claim 1, characterized in that the fixed angle of the particle stream to

the excitation light is in the range of 45 to 135 degrees.

30 3. Probe according to one of Claims 1 to 2, characterized in that the excitation light beam

radiates in over the entire pipeline diameter of the pipeline channel.

4, Probe according to one of Claims 1 to 3, characterized in that the pipeline is bent at an

angle of 90 degrees and the pipeline has a transparent illumination window for illuminating

35 the pipeline channel on one side of the pipeline upstream of the bend and has a transparent
detection window for recording the emission light by means of the detector is located on

the side of the pipeline immediately downstream of the bend, such that the detection

window is open over the lower part of the pipeline duct and the detector records the liquid

stream flowing towards said detector.



t he excit atWeén2041i/69976s in the range of 48-to 135 degrees. PRAZEPI0IDAG5908
‘‘according to one of Clainms 1 to 2, characterized in that the

excitation |light beamradiates in over the entire pipeline dianeter

of the pipeline ¢channel.. 4. Prohe according.to one of Clains 1 to 3,
characteri ded i it PRaocr e ip éﬂ‘?n‘g cggra‘ﬁ‘éﬂ?gdé}% thaf, th flistamce d foup ghegrertg of the
and t he pi pel i nellixaatont windsH &Y O burtaed YMihd Abde@idn WiRdWMsfiiched to the size of the
illumnating 35 t'h%i gigpﬁel L he hangﬁl on one side of the pipeline
upstream of the BEHG® KRPHEE? Hov P pAPERt detecti on wi ndow for
recording the em ssion |light by nmeans of the detector is |ocated on

t he side of, the Ipitpel i n% i medi g{;e{% downst ream of the_ bend, such

that the détect i'SRPSASHUGNE PoLng BEN B oroneharasiRezed im et the light Xolyme é 4t mest as
duct and the detget aytwiees dpthtdigoduk eigiod of the @Btk OW ng t owar ds sai d
detector. WD 2011/069976- 14.-PCT/EP2010/ 068998 Probe according to
Claim4, characterized in that the distance d fromthe centre of the

iITum nati onh W ridebw decorling tsetefACRiRE 1th e, detesliicdin Wam_é)ﬂejisﬁre'f%hp%@lqlas 2
rooe

to the,size of the pipeline for. optinumflow of the particles.

accor dilﬁg to one““&*ep‘?ﬁg‘?wﬁﬁ 65r1n5‘%e€ AGths efasr9f scpipshing Fathe pipeling wait and has 2
volune is at noYrisASasGhe@indas paMd GBick REsUERNRL pQperliREMS ofi@kiBR oPthet D itation
obj ecti ve. Probgiﬁgcc. rdi ngt tgj one of Clains 1 to 3, characterized In
that the measur eFEhVULEIRECHA e gmessiqp fightyi ndow which is inserted at

the edge of the pipeline in the pipeline wall and has a prismas the

w ndow pane8 whi ensur es th% ]_?Dgr pendi cul ar orientation of the

exci t ati on i ght "herfeardng ol chaackmized indhat theghickness of e exeiéasion ligly beam
to Cailm 7, chariggd @bdezied simmt hat the t hi ckness of the excitation

light beamis no nore than 5 mm Probe according to one of Clains 1

to 8, having a detector for |um nescent particles and a detector for
scatter-1ight pa@rdieakasdindRtdeds CRImALIEE hhnfy b WRAGIEE iRt particles and a
optionally Ii ght-scg;;rggeri n%_pﬁrti cles inaliquid flow ng thrOLth t he
probe accor di ng FECGHE" pitElightRatitless 9 with the fol  owi ng steps: a.
inputting the size of the sanple volune and inputting the fl ow speed

in the Blp bi ne .and C%Iécul ating an integration time in an el ement for
cont r ofPi ng_ t he Mg fon detsrtng mmneggent, aph eptiopelly dightrsspiteringrpatsislen gn th Hquid
time a particl e flodshloGehl thOWobd HcBdERg td\helof BRMEmy PlOWI R 'tﬂEheFfaﬁqu?g étﬂﬁd
flow speed, b. light excjtation over the entire pipeline di ameter by
a light source, 3 or dETRE M sigeof GrsanRls veleme end ippittigitheflovhspeed intlke pipeline

entire pipeline di a”ﬁﬁ@&al&flatﬁlg%nqme?ﬁﬂ.i&f‘tiﬁé &Nbn @I\éﬁEnttiﬂlngr?ﬁggf[ﬂéQ%%/ Rkgration

time by neans of a detector analysis of the detecti

means of an inage an éwswgh tmii{xt?gration time being the time a particle takes to flow through the

25 light volume at the defined flow speed,
b. light excitation over the entire pipeline diameter by a light source, for defining a
light volume,
C. detection over the entire pipeline diameter of the emission light over the

integration time by means of a detector,
30 d. analysis of the detection data by means of an image analysis unit,
e. outputting the number of particles and/or size distribution of particles and/or
intensity distribution of particles per volume and/or per weight and/or outputting a

collective image of luminescent or light-scattering particles over a specific time.

35 11 Method according to Claim 10, wherein the light excitation and the detection of the

emission light take place over the entire pipeline diameter over the entire pipeline diameter.

12. Method according to one of Claims 11 to 12, wherein the detector is a high-resolution,

light-sensitive camera.



e. out putti Y 2018/0698v6er of particles andbSer size distri butPicImERI010/068998
" particles and/or intensity distribution of particles per vol une

and/ or per weight and/or outputting a collective imge of |um nescent

or light-scatterjn articles qver ecific time. Methaod according

Lo O aim 100 wnarare freadmegf SBRLIE afiegn dcPariries et Beerioh copniaiely over a
em ssion |ight takevah megdoasesn tihe entire pipeline dianmeter over the
entire pipeline dianmeter. Method according to one of Clains Il to 12,
wherein the detector is a high-resolution, light-sensitive canera.

WO 2011/50699¥76- MEthePEEHHRR0A ORI FhdrdinNed Baett@aeEdi N@ritLofGhRlzdl over the
13, wherein the particles ate recor cantj.nuously over a relatrvely

i ed
| ong detection ti ?@Tﬂ?%@ﬁ%}aefﬁéegﬁaﬁmw@ DYVEE 4 iher ei n t he

detector records a series of inmages over the integration tinme, which

series of ijmges. is.added up oyver this, tine. 15 Use of the probe ,
accor di ng tlggl'aonzusc?f(’f%f_’é’f aqcopdinego gpe %tfél?lﬁg lﬁ‘é?ﬁbﬂﬁa"c%ﬁ&‘ﬂgﬁoﬁd@g@ Sigim 11
11 t o td44ff@rontind moetoniBAbf ©prodgctioh pRANH iDLl pRks@Rprodubtion plant
parti cyfar & pl agli G5 Rrodustion,plant 100r a vestewater treatment

pl ant .



