
WO 2012/084409PCT/EP2011/071060 1 Title:Monitoring system Description
Online, robust, reagentless and low maintenance sensors that detect the
presence and concentration of bacteria in fluids will have potential use in
many areas where a continuous monitoring of bacteria can ensure microbial
quality or decrease the number of manually collected 5 samples and
measurements. An example is related to monitoring microbial water quality
in wells/water intake, water works and/or water distribution system.
Methods for analysis of particles in liquid samples are known from the 10
prior art. In some of these methods a plurality of image of the fluid is
recorded and further analysed in order to identifying the characteristics
of the particles. Currently the most advanced box-product online sensors
and alarm 15 systems for monitoring (microbial) water quality are turbidity
sensors and particle counters. Turbidity, however, is only an indicative
measurement as it is not only bacteria that can change the turbidity of
water, furthermore, turbidity sensors lack sensitivity and have a
relatively poor detection limit. On-line box-product particle counters for
water quality 20 measurements, do have the sensitivity and detection limit
required, they can, however, only detect particles with diameters down to
1-2 ,um. Bacteria in water have sizes from 0.3 ,um to 3 ,um, most of them
having a sizes below 1 ,um, thus current particle counters are not
effective for detecting bacteria in liquids and they cannot discriminate
between 25bacteria and other particles. Furthermore, particle counters are
prone to errors in the readout if there are deviations in the relatively
large and  WO 2012/084409PCT/EP2011/071060 2 constant flow (>50 ml/minute)
through the measurement unit. The constant flow is often ensured by a large
tubing system that utilizes gravity to ensure the constant flow. 5 Thus,
the constant flow requirement is one of the main disadvantages of the prior
art systems. Moreover, the online methods available on the marked require
huge amounts of water during the measurement period. In many applications
(e.g. in a well) there are no drain available and thus the known systems
can not be used. 



10 It is an object of the present invention to provide a particle and/or
micro organisms monitoring and alarm system that does not require a
constant flow and access to a drain. 15 This object can be achieved by a
monitoring system having the features defined in claim 1. Improved
embodiments are disclosed in the sub claims, the following description and
the drawings.      The monitoring system for monitoring the number and/or
concentration 20of particles in a fluid according to the invention
comprises - a micro processer configured to execute programmed instructions
in order to identify and classify particles;  storage means and  an optical
sensor member comprising: 25-a 2-d optical sensor and  a light source,
where the optical sensor member is configured to record at least one image
of at least a part of the fluid and where the monitoring system (2) is
configured to generate an alarm if a predefined crite- 30non is meet.  WO
2012/084409PCT/EP2011/071060 3 The monitoring system is configured to
determine the number and/or concentration of particles in the fluid on the
basis of the op- 



tical response of single particles in a sample zone in the fluid and - that
the fluid in the sample zone is kept stationary relative to the 5optical
sensor member during the recording of an image. Particles are considered to
be all objects of interest in the fluid. Particles may be micro organisms
such as alga, parasites or bacteria by way of example. These micro
organisms may be in the diameter range of 0.3- 10  20 m. However, this
range is not a limit. In fact the monitoring system according to the
present invention is, in principle, capable of detecting all types of
particles present in the fluid. The current sensor is capable of detecting
particles and microorganisms down to 0.3 ,um and the upper limit is
restricted by the dimensions of tubing a flow cell and is of the or- 15der
1 mm. Thus the current sensor thus covers the size range by micro- organism
in water. The predefined criterion may be any suitable criterion, however;
it may be preferred that the criterion is related to the particle content
in the 20 fluid. By way of example the predefined criterion may be the
concentration of bacteria. The monitoring system may comprise one or more
image sensors, lens systems and light sources. Preferable, the sampling
zone is filled up with the fluid prior to each record. Hereby, it is
achieved that the sample zone is kept stationary relative to the sensor
member during the record of each image. Thus, the need for flow regulation
(to provide a constant flow) is eliminated.  WO
2012/084409PCT/EP2011/071060 4 for a constant flow. Moreover, during
operation the fluid that is being measured can be kept at the system
pressure (this may be over 10 bar) of the well, inlet, water work and/or
distribution network and after measurement the liquid (<< 1 ml/minute) must
not necessarily be 5 wasted into a drain and can therefore easily be
recycled into the system thereby eliminating the need for a drain. In one
embodiment of the present invention the monitoring system has 



an optical sensor member that comprises at least one lens system. A 10
lens system may consist of one or more lenses that may diffuse or focus the
light. On the other hand it may be possible to have a monitoring system
that does not have a lens system.    In one embodiment of the present
invention the monitoring system is 15configured to determine the number of
micro organisms in the fluid on the basis of the optical response of micro
organisms. Thus, this embodiment makes it possible to provide online
measure- ments of the micro organism (e.g. bacteria) level. This
information can 20 be provided without having advanced and expensive
devices to provide a constant flow. In many applications such as in water
distribution systems online measurements are extremely valuable.    In one
embodiment of the present invention the micro processer is 25 adapted to
determine the number and/or concentration of particles and/or micro
organisms and generate an alarm if: a) the number and/or concentration of
particles and/or micro or- ganisms exceeds a first preset value and/or b)
the rate of increase in the number and/or concentration of par- 30ticles
and/or micro organisms exceeds a second preset value and/or  WO
2012/084409PCT/EP2011/071060 5 c) the change in morphology of the particles
and/or micro organ- isms meets a first preset criterion and/or 



d) the change in size of the particles and/or micro organisms meets a
second preset criterion. 5 The morphology of a particle and/or a micro
organism may be defined in terms of the eccentricity defined as the ratio
between the longest and the shortest diameter of the 10particle and/or
micro organism. The size of a particle and/or a micro organism may be
defined as the largest diameter of the particle and/or a micro organism. 15
By the term alarm is meant any suitable type of alarm. The alarm may by way
of example be a visual signal, a sound a message sent to a computer, mobile
phone or any other type of receiving unit. 20Hereby it is achieved that an
alarm can be generated when at least one preset criterion is met. It would
in particular be possible to generate the alarm when undesirable conditions
occur. This may be beneficial in relation to water distribution by way of
example. 25In another embodiment of the present invention the monitoring
system comprises a 2-d optical sensor that is configured to record a number
of images of the fluid and the monitoring system is configured in a way
such that the relative position of the focal plane of the optical sensor
member with respect to the fluid is varied.  WO
2012/084409PCT/EP2011/071060 6 Hereby it is achieved that several
parameters can be detected from the images. Accordingly, the monitoring
system may be used to differentiate the characteristics of the particles
and/or micro organisms. 



5 In one embodiment of the present invention the monitoring system
comprises a 2-d optical sensor, a micro processer, storage means and a lens
system that are build together in one sensor unit. In some applications is
would be beneficial to use a sensor unit that 10 comprises a optical sensor
member, a micro processer, storage means and a lens system. This sensor
unit may be a one piece member provided in a housing. This way of
installing the monitoring system is easy and subject to less risk of
installation failures. 15It is also possible to use a sensor unit that
comprises an optical sensor member, a micro processer, storage means. In
this embodiment there is no lens system since the lens system may be
omitted. The lens system is not needed if the optical sensor member
comprises a special light source that emits light that does not need to be
diffused or focused. 20 In another embodiment of the present invention the
monitoring system comprises at least a first optical sensor member and a
second optical sensor member. The monitoring system may be configured to
determine: 25a)the number and/or concentration of particles and/or micro
or- ganisms per unit time and/or b) the rate of increase in the number of
particles and/or micro organisms per unit and/or c) the morphology of the
particles and/or micro organisms per unit 30time and/or d) the size of the
particles and/or micro organisms WO2012/084409PCT/EP2011/071060 7 based on
the images recorded by the first optical sensor member and the second
optical sensor member respectively. 5In one embodiment of the present
invention the monitoring system 



comprises at least a first optical sensor member and a second optical
sensor member that are arranged in a way such that at least the first
optical sensor members and the second optical sensor members use the same
light source. 10 In another embodiment of the present invention the
monitoring system is configured to calculate the difference between
parameters determined on the basis of measurements based on images recorded
by at least the first optical sensor member and the second optical sensor
15member respectively. The use of more than one optical sensor member may
provide addi- tional image information that can be used to provide a more
detailed determination of the particle and/or micro organism content of the
20 fluid. The optical sensor members may be arranged in any suitable way so
that as much additional information as possible can be achieved from the
recorded images. Moreover, the use of more than one optical sensor member
enables calculation of differences and in the particle and/or micro
organism content of the fluid. 25 Hereby it is achieved that differences
between different areas can be detected. The optical 2-d sensors may be
arranged in different areas in a network and the distance between the
optical sensor members may be chosen in order to meet specific demands or
requirements. It would 30be possible to gather information about the
different areas and to compare this information.
WO2012/084409PCT/EP2011/071060 8 In one embodiment of the present invention
the monitoring system comprises at least two sensor units that are
configured to communicate with a central control device. Hereby it is
possible to carry out a direct comparison of information provided by using
several sensor units. Each  5 sensor unit may comprise specific information
that can be used to indicate the particle and/or micro organism level.
Information from several sensor units may be used to provide information of
even more value since the difference calculated on the basis of the
information from the different sensor units may be used to determine and
evaluate changes  10 in the particle or micro organism content and the
gradient of these changes. It would be possible to use a control device
that is contained in one of the at least two sensor units. 



In another embodiment of the present invention the monitoring system  15 is
configured to generate an alarm if at least one preset criterion based on
information from at least two sensor members is me. Hereby it is achieved
that the monitoring system is adapted to give a warning in case of the
occurrence of an increase in the micro organism and/or particle content by
way of example. The nature of a criterion can be  20 limited to specific
types of micro organisms and/or particles. However, it would also be
possible to use a criterion that not is limited to any specific types of
micro organisms and/or particles. In fact, difference between any a set of
parameters may be compared to preset values in order to generate an alarm.
25 In even another embodiment of the present invention the monitoring
system comprises an inlet valve and an outlet valve that are configured to
be closed so that the fluid inlet and outlet is eliminated during the
optical exposure of the 2-d optical sensor. In this way the monitoring 30
system is capable of keeping a constant volume of the fluid in a space so
that one or more images may be recorded without having to use the
complicated means for providing a constant flow.  WO
2012/084409PCT/EP2011/071060 9 It would be possible to use a monitoring
system having valves that are being controlled by a control system that
also is capable of controlling a pump that is configured to replace the
fluid in the flow cell so that 5 new images can be recorded. In one
embodiment of the present invention the optical sensor member is configured
to be displaced along the longitudinal axis or another axis of the optical
area sensor. By displacing the sensor member along the 10  longitudinal
axis of the optical area sensor it is possible to gather information about
the content of micro organisms and/or particles in the total fluid volume
of the flow cell. Thus, the required information can be collected in a
simple and easy manner. 15In one embodiment of the present invention the
optical sensor member 



is configured to be displaced along the longitudinal axis or another axis
of flow cell. The optimal direction of displacement may depend on the
construction 20  of the monitoring system. Accordingly, in some
applications it may be beneficial to displace the optical sensor member in
one direction, while it may be an advantage to displace the optical sensor
member in another direction in other applications. 25In one embodiment of
the present invention the monitoring system comprises several sensors units
disposed in a network. Accordingly, it would be possible to provide a
rather precise location of a source of pollution by way of example. In a
water distribution network it would be possible to apply three or more
sensor units so that the source of pollu- 30tion can be detected with a
rather high precision in case of pollution. The network may in principle be
of any size scale. Thus, a network may  WO 2012/084409PCT/EP2011/071060 10
be a local pipe network in a factory or a huge water distribution network
in a town by way of example.   One embodiment of the present invention is a
method for analysis of 5particles in a liquid sample by means of a
measurement system ac- cording described in to one of the claims. The
monitoring system may comprise means for detecting flow direc- tion, volume
of a container and the time the fluid is kept in a container. 10 Moreover,
temperature and acidity may be detected. These parameters may be used to
draw an even more precise picture of the status of the fluid and/or system
that is being monitored by the monitoring system. 15 The present invention
will become more fully understood from the detailed description given
herein below and the accompanying drawings are given by way of illustration
only, and thus, they are not limitative of the present invention, and
wherein: 



20Fig. 1shows a monitoring system according to the invention; Fig. 2shows
the level of detected particles or bacteria in a fluid versus time and
25Fig. 3shows a schematically view of the monitoring system ap- plied in a
network Other objects and further scope of applicability of the present
invention will become apparent from the detailed description given
hereinafter.  30 It should me understood, however, that the detailed
description and specific examples, indication preferred embodiments of the
invention, are given by way of illustration only, since various changes and
modifi-  WO2012/084409PCT/EP2011/071060 11 cations within the spirit and
scope of the invention will be become apparent to those skilled in the art
from this detailed description. Referring now in detail to the drawings for
the purpose of illustrating pre-  5 ferred embodiments of the present
invention, elements of a monitoring system 2 according to the present
invention is illustrated in Fig. 1. The monitoring system 2 comprises a
flow cell 42 having an inlet 54 and an outlet 56 through which a fluid 10
can be channeled. The fluid 10 may be pumped through the flow cell 42 by
using a suitable pump (not 10shown) that may be arranged either at the
inlet pipe 18' or the outlet pipe 18 by way of example. Adjacent to the end
sides 41,41' of the flow cell 42 an outlet valve 44 is provided at the
outlet pipe 18 that is connected to the flow cell 42. At 



15the other end of the flow cell 42 an inlet valve 44' is provided at the
inlet pipe 18' that is configured to channel fluid 10 to the flow cell 42.
The fluid 10 contains particles 12 and/or micro organisms 22. The
monitoring system 2 is moreover provided with an optical sensor  20 member
40 that comprises a 2-d optical sensor 4, two lens systems 34, 34' and a
light source 36. The light source 36 that may be a light-emitting diode
(LED) by way of example. Other suitable types of light sources may be used.
Light 46 from the light source 36 enter the first lens system 34 and is
directed towards the focal plane 48 where the parti-  25 cles 12 and/or
micro organisms 22 of interest are present. The first lens system 34
attenuates the light signal 46 that enters the second lens system 34' that
depicts the attenuated light signal in the focal plane 48 into a recording
2-d optical sensor 4. 30It is of importance to the present invention that
the liquid 10 in the flow cell is kept still relative to the optical sensor
member 40 because the monitoring system does not have means for providing a
constant flow.  WO2012/084409PCT/EP2011/071060 12 The term "kept still"
should be interpreted so that the average speed of the fluid 10 is close to
zero. This may optionally be obtained by closing the outlet valve 44 and/or
the inlet valve 44'. Between each recording the optical sensor member 40
may optionally be moved in the x direc-  5 tion and/or y direction and/or z
direction relative to the flow cell 42. It is also possible to displace the
optical sensor member 40 in a direction that is a linear combination of two
or more of the indicated x, y or z directions. This motion may be achieved
by using a step motor (not shown) by way of example. Other suitable means
may be used to per-  10 form the required translation of the optical sensor
member 40. In fact it would possible to displace the optical sensor member
40 in any desired direction along any suitable axis. By way of example it
is possible to displace the optical sensor member 40 along the longitudinal
axis x of the flow cell 41. 15 The monitoring system 2 is capable of
eliminating the use of means for providing a constant flow in the sampling
zone 38. Since the providing of a constant flow in the sampling zone 38
requires advanced and expensive devices the present invention offers a
simple and reliable solu-  20 tion to this problem. In addition, the
monitoring system 2 recycles the fluid 10 that is being monitored and thus
the monitoring system 2 can be used in applications (e.g. in a well) in
which there are no drain available. 25 A control device 16 comprising a
micro processer 6 and storage means 8 is connected to the 2-d optical
sensor 4 through a wire 50. Alternatively, it is possible to transfer data
from the 2-d optical sensor 4 to the control device 16 wirelessly. This can
be achieved by providing the 2-d optical sensor 4 with a transmitter (not
shown) capable of sending in- 



30 formation wirelessly to a receiver connected to or contained in the
control device 16. The data recorded by the 2-d optical sensor 4 can be
stored in the storage means 8 and be the micro processer 6 can
WO2012/084409PCT/EP2011/071060 13 execute programmed instructions in order
to identify and classify the particles 12 and/or micro organisms 22. When
referred to particles all objects of interest in the fluid 10 should be  5
included. The particles may in particular be micro organisms such as alga,
parasites or bacteria by way of example. These micro organisms of interest
may be in the range of 0.3-20 micro meter. Fig. 2 illustrates the number 24
of detected bacteria in a fluid versus  10 time 26. The curve 30 is a
function of time 26 and it can be seen that the number of detected bacteria
exceeds a preset value 28. When this preset value 28 is exceeded the
monitoring system may generate an alarm so that the user of the monitoring
system is aware that the preset value 28 is exceeded. In some situation the
rate of increase in the con-  15 centration of particles and/or bacteria
per unit time is of more interest than the number of bacteria or bacteria
concentration it self. The curve 30 actually shows that the rate of
increase in the concentration of bacteria exceeds a second preset value 32
since the slope of the curve 30 exceeds the preset maximal rate of increase
32. Therefore, the monitor- 20 ing system may generate an alarm to make the
user of the monitoring system aware of the high rate of increase in the
concentration of bacteria. The illustration in Fig. 2 shows the bacteria
content in a fluid. However,  25 the same principles may be used in
relation to other particles and/or micro organisms. Thus, in principle, a
curve 30 like the one shown in Fig. 2 could be used to evaluate if the
actual level or the rate of increase in the number and/or concentration of
any detectable type of particles and/or micro organisms is above a critical
level so that an alarm should 30 be generated.  WO
2012/084409PCT/EP2011/071060 14 Fig. 3 illustrates a monitoring system that
comprises eleven sensor units A, B, C, D, E, F, G, H, I that are arranged
within a network 58. Preferable the monitoring system is connected to one
or more (central) control units that receive information from the sensor
units A, B, C, D, E, F, G, H, 



5  I. Each sensor unit A, B, C, D, E, F, G, H, I determine the number
and/or concentration of particles and/or micro organisms in the fluid that
is being monitored Therefore, each sensor unit A, B, C, D, E, F, G, H, I
collect information of a specific area in the network 58. 10On the basis of
the information from each of these sensor units A, B, C, D, E, F, G, H, I
it is possible to monitor and detect the location of increase in the number
and/or concentration of particles and/or micro organisms. Accordingly, the
monitoring system is capable of identifying the existence and exact
location of a source of pollution. In water dis- 15  tribution networks one
of the real life challenges is to locate the source of pollution.
Therefore, it would be very valuable to have a monitoring system that is
capable of identifying the existence and exact location of a source of
pollution. This would be both time and cost saving.  WO
2012/084409PCT/EP2011/071060 15 List of reference numerals 2-Monitoring
system 4-2-d optical sensor 5 6-Micro processer 8-Storage means 10-Fluid
12-Particle 14-Sensor unit 1016-Control device 18, 18'-Pipe 20-Focal plane 



22-Micro bacteria 24-Number of particles/ micro organism 1526-Time
28-Preset value 30-Number of particles as function of time 32-Second preset
value, 4 34, 34-Lens system 2036-Light source 38-Sampling zone 40-Optical
sensor member 41,41'-End sides of the flow cell 42-Flow cell 2544,
44'-Valve 46-Light 48-Focal plane 50-Wire 54-Inlet 3056-Outlet 



58-Network  WO 2012/084409PCT/EP2011/071060 16 Claims 1.A monitoring system
(2) for monitoring the number and/or con- centration of particles (12, 22)
in a fluid (10), where the monitoring system (2) comprises: 5- a micro
processer (6) configured to execute programmed in- structions in order to
identify and classify particles (12);  storage means (8) and  an optical
sensor member (40) comprising:  a 2-d optical sensor (4) and 10- a light
source (36), where the optical sensor member (40) is configured to record
at least one image of at least a part of the fluid (10) and where the
monitoring system (2) is configured to generate an alarm if a predefined
criterion is meet characterised in that 15the monitoring system (2) is
configured to determine the number and/or concentration of particles (12)
in the fluid (10) on the basis of the optical response of single particles
(12) in a sample zone (38) in the fluid (10) and         that the fluid
(10) in the sample zone (38) is kept stationary 20relative to the optical
sensor member (40) during the re- 



cording of an image. 2. A monitoring system (2) according to claim 1,
characterised in that the optical sensor member (40) comprises at least one
lens 25system (34). 3. A monitoring system (2) according to claim 1 or
claim 2, characterised in that the monitoring system (2) is configured to
determine the number of micro organisms in the fluid (10) on the basis 30of
the optical response of micro organism(s).  WO 2012/084409PCT/EP2011/071060
17 4.A monitoring system (2) according to one of the preceding claims,
characterised in that that the micro processer (6) is adapted to determine
the number and/or concentration of particles (12) and/or micro organisms
and generate an alarm if: 5a)the number and/or concentration of particles
(12) and/or        micro organisms exceeds a first preset value (28) and/or
b)the rate of increase in the number and/or concentration of particles (12)
and/or micro organisms exceeds a sec- ond preset value (32) and/or 10c)the
change in morphology of the particles (12) and/or micro organisms meets a
first preset criterion and/or d)the change in size of the particles (12)
and/or micro or- ganisms meets a second preset criterion. 



155.A monitoring system (2) according to one of the preceding claims
characterised in that the monitoring system (2) comprises a 2-d optical
sensor (4) that is configured to record a number of images of the fluid
(10), where the monitoring system (2) is configured in a way such that the
relative position of the focal plane 20of the optical sensor member (40)
with respect to the fluid (10) is varied. 6. A monitoring system (2)
according to one of the preceding claims, characterised in that the optical
sensor member (40), the 25micro processer (6), the storage means (8) and
the lens system (34, 36) are build together in one sensor unit (16). 7. A
monitoring system (2) according to one of the claims 4-6, characterised in
that the monitoring system (2) comprises at least 30a first optical sensor
member (40) and a second optical sensor.  WO 2012/084409PCT/EP2011/071060
18 8.A monitoring system (2) according to claim 7 characterised in that the
monitoring system (2) is configured to calculate the difference between
parameters determined on the basis of measurements based on images recorded
by at least the first optical sensor member (40) and the second optical
sensor member respectively. A monitoring system (2) according to claim 8
characterised in that the monitoring system (2) comprises at least two
sensor units and that these at least two sensor units are configured to
communicate with a central control device (16). A monitoring system (2)
according to claim 9 characterised in that the monitoring system (2) is
configured to generate an alarm if at least one preset criterion based on
information from at least two sensor members is met. A monitoring system
(2) according to one of the preceding claims characterised in that the
monitoring system (2) comprises an inlet valve (44') and an outlet valve
(44) that are configured to be closed so that the fluid inlet (54) and
outlet (56) is closed during the optical exposure of the 2-d optical sensor
(4). A monitoring system (2) according to one of the preceding claims
characterised in that the optical sensor member (40) is configured to be
displaced basically along the longitudinal axis 



(X) of the flow cell (42). A method for analysis of particles in a liquid
sample by means of a measurement system according to one of the claims
1-12. 


