wo 2015/036484 A1 |1 NF 100000 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date
19 March 2015 (19.03.2015)

(10) International Publication Number

WO 2015/036484 A1l

WIPOIPCT

International Patent Classification:
GOIN 30/88 (2006.01) GOIN 35/00 (2006.01)

(51

(21) International Application Number:

PCT/EP2014/069399

(22) International Filing Date:

11 September 2014 (11.09.2014)

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
2709/DEL/2013 13 September 2013 (13.09.2013)

1
[SE/SE]; Bjorkgatan 30, S-751-84 Uppsala (SE).

English
English

IN
Applicant: GE HEALTHCARE BIO-SCIENCES AB

(74

(8D

(72) Inventors: BHARGAYV, Anoop; GE Healthcare, John F

Welch Technology Centre, Hoodi Village, Whitefield
Road, Bangalore Karnataka 560066 (IN). SRINIVASAN,
Jeganathan; E-102, Millenium Habitat, ITPL Road, Next
to CMRIT 7, Bangalore 560037 (IN). NABI, Babu, Ra-
sool; GE Healthcare, John F Welch Technology Centre,
Hoodi Village, Whitefield Road, Bangalore Karnataka
560066 (IN).

Agents: SORBY, Lennart ct al; GE Healthcare,
Bjorkgatan 30, S-751 84 Uppsala (SE).
Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: AUTOMATED FLUID HANDLING SYSTEM

10

AN

| — 20
ol
Fluidics
@ |~ 30
A//
Controller
80
g // 50
™ GUI Memory 47
// 60
Power “
Monitor |
40
Backup / «
Power T—@

7

70

Fig. 1

(57) Abstract: Automated fluid handling system comprising
a controller arranged to control the operation of the fluid
handling system in accordance with a predefined or user-
defined operation process, the fluid handling system com-
prising a power source input for connection to an external
power source, the fluid handling system comprising a back-
up power source arranged to supply back-up power to the
controller, wherein the controller is arranged to monitor the
power source input and -in response to a detected power
shortage initialize suspend mode of operation powered by the
back-up power source, and during suspend mode saving in-
formation relating to status of the operation process at the
time of power shortage -in response to a detected power up
initialize a boot procedure comprising a veritication if the
boot procedure is initialized following a suspend mode or
not: -if the boot procedure is not initialized following a sus-
pend mode, then proceed according to normal boot proced-
ure to enable start of a new operation process, and -if the
boot procedure is initialized following a suspend mode, then
perform a second verification based on the saved information
to determine if the suspended operation process may be re-
sumed or not.



WO 2015/036484 A1 |IIIWAT 00N VAT 0N A A0 T

(84) Designated States (unless otherwise indicated, for every SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
kind of regional protection available). ARIPO (BW, GH, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, .
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, Kz, RU, Tublished:
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, —  with international search report (Art. 21(3))
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,




10

15

20

25

30

WO 2015/036484 PCT/EP2014/069399

AUTOMATED FLUID HANDLING SYSTEM

Field of the invention

The present invention relates to an automated fluid handling system, and in particular to
an automated liquid chromatography system with a system-restore arrangement for

restoring operation process after a power shortage.

Background

In modern laboratories across the globe, fully or at least partially automated laboratory
apparatuses or fluid handling systems are becoming more and more frequent. Compared
to manually controlled systems, automated systems enable researchers and laboratory
staff to free up time to perform more high value work and/or tasks that cannot be
automated. Moreover in many situations, automated control improves process control
and provides more consistent quality output. Examples of frequently used fluid handling
systems includes: liquid chromatography systems, filtration systems, biomolecular
synthesis systems, optical or electrochemical sensor or imaging systems, biosensor
systems or the like for analysis or preparation of samples. One common feature for such
systems is that samples to be analyzed or otherwise processed are provided in or in
contact with a fluid flow path during operation of the system and the flow of fluid in the
flow path can be precisely controlled in an automated manner. During some phases of
operation of such systems a disruption of the operation may be fatal in that the analysis
results or process results may become unreliable and invalid, further the sample may be

destroyed or in other ways lost.

Power failure is a common problem in many countries, even in laboratory environments,
and may thus cause serious disruptions of the operation of automated fluid handling
systems as mentioned above. For example, in chromatography, if the power fails during
the run, the injected sample may be lost and the entire run may have to be restarted
which will lead to sample loss and time loss. Further, the system throughput is reduced

due to the need to restart the process.
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Summary of the invention

The object of the invention is to provide an automated fluid handling system, which
system overcomes one or more drawbacks of the prior art. This is achieved by the fluid

handling system as defined in the independent claims.

One advantage with the present fluid handling system is that unreliable and invalid
results are avoided as the operation process of the fluid handling system is resumed in a
more controlled manner. Further, loss of valuable samples may be avoided as the
operation process of the fluid handling system may be more effectively resumed. Still
further, this will lead to higher productivity of the fluid handling system by avoiding

restart of partially completed operation processes.

According to one aspect, there is provided an automated fluid handling system
comprising a controller arranged to control the operation of the fluid handling system in
accordance with a predefined or user-defined operation process, the fluid handling
system comprising a power source input for connection to an external power source, the
fluid handling system comprising a back-up power source arranged to supply back-up
power to the controller, wherein the controller is arranged to monitor the power source
input and
-in response to a detected power shortage initialize suspend mode of operation powered
by the back-up power source, and during suspend mode saving information relating to
status of the operation process at the time of power shortage
-in response to a detected power up initialize a boot procedure comprising a verification
if the boot procedure is initialized following a suspend mode or not:

-if the boot procedure is not initialized following a suspend mode, then proceed
according to normal boot procedure to enable start of a new operation process, and

-1f the boot procedure is initialized following a suspend mode, then perform a

second verification based on the saved information to determine if the suspended
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operation process may be resumed or not.

According to another aspect, the automated fluid handling system comprises a graphical
user interface and wherein the second verification comprises prompting a user to select if

the suspended operation process is to be resumed or not.

According to another aspect, the predefined or user-defined operation process comprises
resume settings that defines when the operation process can be safely resumed after
suspension mode and wherein the second verification automatically resume the

suspended operation process in response to said resume settings.

According to another aspect, the resume settings comprises a time threshold below
which the process is resumed automatically after suspension mode, and above which

user input is requested in order to resume the process.
According to another aspect, the operation process is comprised of two or more
operation phases and wherein the resume settings define during which operation phase(s)

the operation process can be safely resumed after suspension mode.

According to another aspect, the back-up power source comprises a super capacitor or a

battery.

According to another aspect,the system is a liquid chromatography system.

A more complete understanding of the present invention, as well as further features and
advantages thereof, will be obtained by reference to the following detailed description

and drawings.

Brief description of the drawings
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4
Figure 1 is a schematic block diagram of an automatic fluid handling system according

to the present invention
Figure 2 is a flow chart of a method according to the present invention.

Figure 3 1s a simplified flow chart of an example of a liquid chromatography system.

Detailed description of embodiments of the invention

Fig. 1 schematically discloses a generic automated fluid handling system 10 according to
the present invention. The fluid handling system 10 comprises a fluidics section 20, a
controller 30 and a power source input 40 for connection to an external power source 45
for powering the system 10. The external power source 45 may be any conventional
source of electrical power such as an electric power grid, a power generator, a solar
power plant or the like. Under normal operation, the fluidics section 20 and the
controller 30 are powered by the external power source 45 as indicated by dotted lines in
fig. 1, but in order to better handle failure of the external power source 45 the fluid
handling system 10 further comprises a backup power source 70 for supplying back-up

power to the controller 30 during situations of power failure.

The fluidics section 20 may be of any type as briefly discussed above, such as: liquid
chromatography fluidics, filtration fluidics, biomolecular synthesis fluidics, optical or
electrochemical sensor or imaging fluidics, biosensor fluidics or the like for analysis or
preparation of samples. One common feature for such fluidics section 20 is that samples
to be analyzed or otherwise processed are provided in or in contact with a fluid flow path
during operation of the fluid handling system 10 and the flow of fluid in the flow path
can be precisely controlled in an automated manner. There is a large range of laboratory
fluid handling systems as briefly discussed above. Such systems comprise a number of
fluid handling units, e.g. one or more pumps, valves, mixers, sensor units etc of different
types. Said fluid handling units are interconnected by fluid conduits in the form of, rigid

or flexible tubes or the like.
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5
The controller 30 may be comprised of any suitable micro-controller or the like and is

arranged to control the automatic operation of the fluid handling system 10 in
accordance with a predefined or user-defined operation process. The specific operation
process that may be run on the fluid handling system 10 obviously depends on the
characteristics of the fluidics section 20 and the grade of automation that is implemented.
The operation process may be a predefined system-specific process wherein the
operation of the system 10 is limited to a specific application, or it may be user-defined
to allow users to build their own custom process to fit specific needs. Fluid handling
systems 10 with controllers 30 that enable users to design user defined operation
processes are well known in the field and are therefore not described more in detail
herein. Further, controller 30 comprises a memory 50 for storing information relating to
predefined or user-defined operation process, as well as other information and software
code used by the controller 30 to control the automatic operation of the fluid handling
system 10. The memory 50 may be comprised of any conventional memory circuit
arrangement that can be read, and it may either be a volatile memory which need
constant power supply to keep data or a non-volatile memory which preserves stored
data without need for power supply. Examples of memory circuits are: Random Access

Memory (RAM), Solid State Drive Memory (SSD) or the like.

According to one embodiment, as is disclosed in fig. 1, the controller 30 comprises a
graphical user interface (GUI) 80. The GUI 80 may be integrated with the controller and
the fluid handling system 10, but alternatively it may be provided through an external

device, like a computer or the like as is well known in the art.

As will be disclosed in more detail below, the controller 30 is arranged to monitor the
power source input 40 in order to detect power shortage. In fig. 1 the controller 30 is
illustrated comprising a dedicated power monitor 60 which is arranged to monitor the
power source input 40. The power monitor 60 is arranged to switch the power feed to the
controller 30 between the external power source 45 and the backup power source 70
depending on the status of the power source input 40. In fig 1 the power monitor 60 is

illustrated as receiving the power connections from the respective power sources,
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6
however as will be appreciated by persons skilled in the art, the power line need not be

directly connected to the power monitor 60, and it may be arranged to monitor the power
line directly or indirectly. The power monitor 60 comprises a suitable circuit capable of

registering the presence of power at the power source input 40.

The backup power source 70 comprises any suitable power source capable of supplying
uninterrupted backup power during a power shortage at the power source input 40.
According to one embodiment, the backup power source 70 is arranged to only supply
power to the controller 30 including the memory 50 for enabling saving information
relating to status of the operation process at the time of power shortage. In this way, the
capacity of the backup power source 70 does not need to be very high, and the
complexity and the cost of adding this functionality is reduced. According to one
embodiment, the backup power source 70 comprises one or more super-capacitors.
Alternatively, it comprises one or more batteries and or a combination of batteries and
super-capacitors. As indicated in fig. 1, the backup power source 70 may be connected
to the power source input 40 for charging the batteries and/or super-capacitors. Charging
may either be performed by a direct connection as indicated in fig. 1 or by an indirect
connection through the controller 30. Still further, the backup power source 70 may be
comprised of one or more disposable batteries whereby the charging arrangement can be

omitted.

As previously mentioned, the controller 30 is arranged to monitor the power source input
40 and in accordance with one embodiment the controller 30 is arranged to;

e -in response to a detected power shortage initialize suspend mode of operation
powered by the back-up power source 70, and during suspend mode saving
information relating to status of the operation process at the time of power
shortage, e.g. on memory 50.

e -in response to a detected power up initialize a boot procedure comprising a

verification if the boot procedure is initialized following a suspend mode or not:
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7
o -if the boot procedure is not initialized following a suspend mode, then

proceed according to normal boot procedure to enable start of a new
operation process, and

o -if the boot procedure is initialized following a suspend mode, then
perform a second verification based on the saved information to determine

if the suspended operation process may be resumed or not.

By storing information relating to status of the operation process at the time of power
shortage, and then using this information in order to verify if the suspended operation
process may be resumed or not provides much improved process control and certainty.
Information that is saved when a power shortage is detected, comprise an indicator flag
which is used in the verification step at power up to identify if the boot procedure is
initialized following a suspend mode or not. Further, the saved information comprises
sufficient process information related to the status of the operation process at the time of
power shortage in order to, in the following steps, validate if the operation process may
be resumed or not, as well as information needed to resume the operation process
accordingly. The specific details of the saved information depends on the type of fluid
handling system 10 and the specific operation process currently run on the system, and in
general terms the type of process information that may be saved comprise process
identification, current process step, run time, acquired data, etc. In one embodiment, the
controller 30 is arranged to build a checksum during the operation process, which

checksum may be used for validation if the operation process may be resumed or not.

In order to make sure that a suspended operation process can be resumed without
affecting the result of the fluidic process, the controller 30 is arranged to verify if the
suspended operation process may be resumed or not based on the saved process
information. According to one embodiment the second verification comprises prompting
a user to select if the suspended operation process is to be resumed or not, e.g. using the
GUI 80. By prompting the user before the process is resumed, it is possible for the user

to evaluate the probability that the suspended process will be successful if resumed, to
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8
take potential measures to improve the probability for a successful process, and to abort

the operation process. The information presented to the user comprises process

information that can be used for evaluation and verification.

According to one embodiment, the predefined or user-defined operation process
comprises resume settings that defines when the operation process can be safely resumed
after suspension mode and wherein the second verification automatically resume the
suspended operation process in response to said resume settings. Examples of such
resume settings comprises a time threshold below which the process is resumed
automatically after suspension mode, and above which user input is requested in order to
resume the process. In this way, the operation process is automatically resumed e.g.
during initial conditioning and preparation steps performed during an initial time frame.
Further there may be an upper time threshold after which the operation process may be

resumed automatically, e.g. during subsequent washing steps or the like.

According to one embodiment the operation process is comprised of two or more
operation phases and the resume settings define during which operation phase(s) the
operation process can be safely resumed after suspension mode. Similar to above, the
operation process may be allowed to restart automatically during initial conditioning and
preparation phases, as well as during subsequent wash phases or the like. Still further,
the controller may be arranged to initiate a timer when the power shortage is detected,
and the verification process may comprise a further verification where the timer value at
power up is compared to a timer threshold, and in case the timer value is below the

threshold, the operation process may be resumed or potentially automatically resumed.

Fig. 2 shows a flow chart of a method for verifying resume of a suspended operation
process following power up after power failure:
e Start 90;
o Inresponse to a detected power up a boot procedure is initialized,

e Recovering from suspended mode? 100;
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9
o Verification if the boot procedure is initialized following a suspend mode

or not,
e Resume run? 110
o Second verification based on saved information to determine if the
suspended operation process may be resumed or not
e Initialize method and corresponding variables 120
e Start the run
o Proceed according to normal boot procedure to enable start of a new
operation process
e End ofrun 140
e Stop 150

e (Continue run 160

According to one embodiment the automated fluid handling system 10 is a
chromatography system. Fig 3 schematically shows one embodiment of a
chromatography system 190 comprising:
e two 3-way input-valves 160 and161, arranged to select the input fluid from fluid
sources Al, A2, B1, B2
e two system pumps 150 and 151
e a pressure sensor 200 for registering the system pressure in the flow path after the
system pumps,
e amixer 210 to ensure appropriate mixing of the fluids supplied by the pumps,
e an injection valve 220 for injecting a sample into the fluid path,
e acolumn connection valve 230 for selectively connecting/disconnecting a column
240 in the fluid path.
e apre-column pressure sensor 235 and a post-column pressure sensor 236
e an ultraviolet (UV) monitor 250 for detecting the output from the column.
e a conductivity monitor 260,
e apH monitor 265,
e an output selection valve 270 with two or more output positions , e.g. connected

to a fraction collector 280, a waste receptacle or the like and
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10
e asystem controller 10 connected to pumps and valves for controlling the liquid

flow through the system, and to sensors and monitors for monitoring the flow,

connections being illustrated by dotted lines 310.

The chromatography system of fig. 3 represents a general example of how a
chromatography system may be designed, and other embodiments may be of different
design comprising two or more of some components and potentially lack some of said
components. According to one embodiment, the chromatography system is a liquid

chromatography system.

In fig. 3 the controller 10 is arranged to control the operation of the fluid handling
system in accordance with a predefined or user-defined operation process as disclosed

above.
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CLAIMS

1.

Automated fluid handling system comprising a controller arranged to control the
operation of the fluid handling system in accordance with a predefined or user-
defined operation process, the fluid handling system comprising a power source
input for connection to an external power source, the fluid handling system
comprising a back-up power source arranged to supply back-up power to the
controller, wherein the controller is arranged to monitor the power source input
and

-in response to a detected power shortage initialize suspend mode of operation
powered by the back-up power source, and during suspend mode saving
information relating to status of the operation process at the time of power
shortage

-in response to a detected power up initialize a boot procedure comprising a

verification if the boot procedure is initialized following a suspend mode or not:

-if the boot procedure is not initialized following a suspend mode, then
proceed according to normal boot procedure to enable start of a new operation
process, and

-1f the boot procedure is initialized following a suspend mode, then
perform a second verification based on the saved information to determine if the

suspended operation process may be resumed or not.

Automated fluid handling system according to claim 1 comprising a graphical
user interface and wherein the second verification comprises prompting a user to

select if the suspended operation process is to be resumed or not.

Automated fluid handling system according to claim 1 or 2 wherein the
predefined or user-defined operation process comprises resume settings that
defines when the operation process can be safely resumed after suspension mode

and wherein the second verification automatically resume the suspended
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12
operation process in response to said resume settings.

4. Automated fluid handling system according to claim 3 wherein the resume
settings comprises a time threshold below which the process is resumed
automatically after suspension mode, and above which user input is requested in

order to resume the process.

5. Automated fluid handling system according to claim 3 or 4 wherein the operation
process is comprised of two or more operation phases and wherein the resume
settings define during which operation phase(s) the operation process can be

safely resumed after suspension mode.

6. Automated fluid handling system according to anyone of the preceding claims

wherein the back-up power source comprises a super capacitor.

7. Automated fluid handling system according to anyone of the preceding claims

wherein back-up power source comprises a battery.

8. Automated fluid handling system according to anyone of the preceding claims

wherein the system is a liquid chromatography system.
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