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Fig.1

operable by a human user in a sequence of handling steps to test an analyte in
a sample fluid applied on a test element (36), the method comprising the
steps of (a) programming a handling cycle for a robot (12) having at least one
robot arm (20) in order to mimic the sequence of handling steps, (b) operat-
ing the device (28) in at least one handling cycle by means of the robot (12),
(c) monitoring the operation in step (b) by a control unit (14) to evaluate at
least one parameter influencing the quality of the device (28).
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Method and system for quality evaluation of a handheld analytical
device

Description

The invention concerns a method for quality evaluation of a handheld
analytical device, specifically a blood glucose meter, wherein the device is
operable by a human user in a sequence of handling steps to test an analyte
in a sample fluid applied on a test element. The invention further concems a

10 system for quality evaluation of such a handheld or hand-operated analytical
device.

A typical operation of a handheld blood glucose meter may include a
sequence of handling steps like producing a blood sample by lancing a body

15 part, applying the blood sample onto a disposable test element and
measuring the test element in the handheld meter in order to obtain a
measurement result on the spot. Such analytical devices are usually
operated by patients under various conditions and state of health. Then, the
inherent problem exists that a lot of individual variations may influence the

20  reproducibility of the diagnostic test, which make it difficult to investigate and
identify possible influencing parameters on the quality of the device. For
example, when handheld blood glucose monitoring devices are used,
variations may arise from “human factors” such as timing when applying the
sample, force exertion, impurities on the skin and so on.

25
On this basis the object of the invention is to further improve the known
methods and systems for quality evaluation and to provide enhanced
reproducibility in “human factor” studies in an efficient way.

30 The combination of features in the embodiments outlined herein is
proposed to achieve this object.

CA 3012902 2020-01-22



CA 03012902 2018-07-27

WO 2017/144713 PCT/EP2017/054427

10

15

20

25

30

2.

The invention is based on the idea of using an appropriately programmed
robot. Thus, it is proposed according to the invention that a method for quality
evaluation of a handheld analytical device, specifically a blood glucose
meter, comprises the steps of

(a) programming a handling cycle for a robot having at least one robot arm in
order to mimic a sequence of handling steps of a human user,

(b) operating the device in at least one handling cycle by means of the robot,
(c) monitoring the operation in step (b) by a control unit to evaluate at least
one parameter influencing the quality of the device.

Thereby it is possible to investigate different test scenarios in a defined
manner and to identify the influences of possible flawed human interactions
on the final measurement result. In particular, by providing an automated
handling cycle for the robot to be carried out with specific commands, actions
and/or steps to closely imitate or mimic a user behavior, standardized and
highly reproducible human factor studies are enabled.

Advantageously, monitoring the operation of the device comprises obtaining
a test result with the device. Thus, inspection results can be achieved in a
realistic and efficient way.

Another improvement in this connection provides that evaluating a parameter
influencing the quality of the device comprises determining a measurement

accuracy of the device.

It is also preferred that an operating condition of the robot is modified in a
plurality of handling cycles in order to identify an influence on the quality of
the device.

A further preferred embodiment comprises adapting or modifying one or
more handling cycles to simulate differences in user handling and evaluating
an influencing parameter resulting therefrom.
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In particular, it is advantageous by adapting or modifying one or more
handling cycles to account for any forms of deviant user handling which is
due to or derived from an impairment or illness of the user. Specifically, an
impairment of perception and cognitive abilities or an illness such as a
tremor, trembling or shaking (e.g. in connection with diseases like Parkinson
or Alzheimer) may be accounted for.

In this connection, it is also advantageous to reproduce a user’s impairment
or illness by adapting the handling cycle in a number of degrees of freedom
of the robot movement, e.g. in spatial direction, amplitude, velocity and
frequency of an oscillation or deflection of the robot (arm and/or artificial

finger).

According to a particularly preferred embodiment, an artificial finger on the
robot arm is used to apply sample fluid to a test element, specifically whole
blood or artificial blood. The use of such an artificial finger enables to mimic
various factors of the user handling of a handheld analytical device such as a

blood glucose meter very close to reality.

Preferably, the handling cycle comprises moving the artificial finger with a
predefined orientation and/or force towards a test element. Such movements
can be carried out by the robot with high precision and a maximum of repeat

accuracy.

In order to simulate the sampling of blood, the handling cycle preferably
comprises loading the artificial finger with sample fluid by means of a fluid

supply arranged within the artificial finger or by means of a pipette.

For further improvement of the inspection procedure it is advantageous when

the artificial finger is provided with a property similar to a human finger, in
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particular at least one of a predefined elasticity, skin friction, surface

contamination and color.

For imitation of human manipulation of a handheld instrument, the handling
cycle preferably comprises grabbing the device with a free receiving end of
the robot arm.

Another improvement in this direction is achieved when the robot is provided
with one or two robot arms and the handling cycle provides for simulation of
at least one of right-handed, left-hnanded, single-handed and two-handed use
of the device.

In order to allow complex and highly precise handling operations, it is
preferred to make each robot arm rotatable around at least five different axes

provided in articulated joints distributed along the length of the robot arm.

According to a particular embodiment the handling cycle comprises
continuously carrying the device by the robot arm or depositing the device

intermittently within the reach of the robot arm.

According to a further preferred implementation, a graphical user interface is
used for simplified programming of the handling cycle as a chain of
preprogrammed modules which define elementary movements of the robot.
This allows to establish, by way of combining graphical symbols which
represent the preprogrammed modules, a robotically guided inspection
procedure even for personnel without profound knowledge in the field of
robotics.

A further improvement in this direction comprises that movement paths of the
robot are modified by re-arranging graphical symbols on a display which

represent the preprogrammed modules.
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A still further improvement comprises simulating the handling cycle by

running the chain of modules on a computer system separate from the robot.

Another aspect of the invention concerns a system for quality evaluation of a
handheld analytical device, specifically a blood glucose meter, which is
operable by a human user in a sequence of handling steps to test an analyte
in a sample fluid applied on a test element, the system further comprising a
robot which is programmed to mimic the sequence of handling steps in an
automated handling cycle, and a control unit adapted for monitoring
operation of the device in one or more handling cycles to evaluate at least
one parameter influencing the quality of the device. Such a system allows to
carry out the method as described above and to simulate patient’'s behavior

close to reality in human factor studies.

In the following, the invention is further elucidated on the basis of an

embodiment example shown schematically in the drawings, where

Fig. 1 is a front view of an automated laboratory including a robot for

quality evaluation of a blood glucose meter;

Fig. 2 is a perspective view of the robot when pipetting blood onto an
artificial finger,;

Fig. 3 is a top view of the robot when moving the artificial finger towards
the blood glucose meter;

Fig. 4 shows a graphical user interface for programming a handling cycle

for the robot.

Fig. 1 shows a robot cell 10 including a robot 12, a control unit 14 and testing
equipment 16 such as diagnostic devices, auxiliary instruments and samples.

The robot 12 comprises a robot base 18 and two robot arms 20 extending in
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opposite directions from the base. Each robot arm 20 consists of several
links 22 which are connected by articulated joints for rotation around
respective axes 24. The distal link includes a grabber 26 to manipulate a
handheld blood glucose meter 28 and an artificial finger 30 as well as other

equipment such as a pipette 32.

The robot 12 has at least fifteen axes of rotation including the pivoting axis
24’ of its base 18. By defined rotational movements the robot arms 20 follow
desired trajectories within the robot cell 10. The robot arms 20 are
independently movable under control of a robot program running on the
control unit 14 for performing a predefined handling cycle. The handling cycle
mimics a sequence of handling steps which are carried out by a human user
when operating the blood glucose meter 28. In this way, the quality or design
of a diagnostic instrument can be evaluated or inspected under reproducible

conditions without human interference.

As lllustrated in Fig. 2, the handling cycle comprises loading the artificial
finger 30 by means of the pipette 32 with a droplet of blood 34 as sample
fluid. Such a step imitates sampling of blood by lancing the finger pad of a
human. The pipette 32 may be handled while the meter 28 is still received on
the distal end of the same robot arm 20. It is also conceivable to deposit the
meter 28 or other equipment intermittently in a rack of the robot cell 10.

As further apparent from Fig. 3, a next step of the handling cycle comprises
moving the artificial finger 30 towards a test element 36 for sample
application. The test element 36 may be provided as a section of a test tape
which is inserted in the form of a tape cassette into the meter 28.

When operated by a human user, the meter 28 is held in one hand, while a
finger of the other hand is pressed against a tip which deflects the test tape.
The test element 36 is optically scanned by a photometric measuring unit

inside the meter 28, and the measuring result is indicated on a display 38.



CA 03012902 2018-07-27

WO 2017/144713 PCT/EP2017/054427

10

15

20

25

30

-7-

In order to specifically mimic the blood application, the artificial finger 30 may
be provided with properties similar to a human finger, in particular a
corresponding geometry, elasticity and skin friction. Such a replication can be
achieved by a steel core covered by several silicone layers of different
rigidity.

It is also possible to investigate the influence of a surface contamination of
the artificial finger 30 on the measurement accuracy of the meter 28. As a
further influencing parameter, the mechanics of the sample application may
be further examined, for example by varying the orientation or contact
pressure of the artificial finger 30 when contacting the test element 36 in
different cycles. For a realistic interaction, the artificial finger 30 should have
a sufficient length and a curved surface contour on the end segment. In this
context, it is also advantageous that the robot 12 is provided with two robot
arms 20 in order to simulate the user behavior, e.g. a right- or left-handed

use.

The influence of a parameter or factor on the operation of the meter 28 can
be directly monitored by recording a measured test result, namely a glucose
reading. For example, when performing a series of handling cycles, the
contact pressure of the artificial finger 30 may be varied, and the measuring
results may be recorded by a camera connected to the control unit 14 for
capturing an image of the display 38. The variance of the glucose readings
may then provide information on a possible influence of the contact pressure.
The control unit 14 allows to precisely carry out such a quality evaluation

without human user interaction and interference.

Fig. 4 shows a graphical user interface (GUI) 40 for simplified programming
of a complex handling cycle for the robot 12. The GUI 40 may be installed on
a computer system separate from the robot 12. It contains a compilation of

preprogrammed modules which define elementary movements or actions of
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the robot 12 and which are represented by graphical symbols 42 in a first
section of a display 44. The computer system allows the operator to drag and
drop the symbols 42 into a second display section 46 in order to define a
chain 48 of modules for implementation of a corresponding step in the

handling cycle of the robot 12.

The user may point to a specific module in the chain 48, e.g. by means of a
mouse pointer, whereby a list of predefined variables opens and allows to
input or to modify certain values. It is also possible to copy and paste a
module chain 48 for definition of a further step or element in the handling
cycle. In order to modify movement paths, the GUI 40 provides to re-arrange

a selected symbol 42 and to assign desired values to displayed variables.

Advantageously, the computer system allows to simulate the handling cycle
separate from the robot 12, so as to avoid collisions or damage of equipment.
Then, the generated robot program can be loaded into the control unit 14. In
this way, it is possible for an operator to run the robot cell 10 even without

sound knowledge of automation, informatics and/or robot programming.



What is claimed is:

1. A method for quality evaluation of a handheld blood glucose meter, wherein the
handheld blood glucose meter is operable by a human user in a sequence of handling
steps to test an analyte in a sample fluid applied on a test element, the method comprising

the steps of

(a) programming a handling cycle for a robot having at least one robot arm in order

to mimic the sequence of handling steps performed by a human user;

(b) operating the handheld blood glucose meter in at least one handling cycle by

means of the robot, wherein the handling cycle comprises at least one of:

- using an artificial finger on the robot arm to apply sample fluid to a test

element, specifically whole blood or artificial blood,
- grabbing the device with a receiving end of the robot arm,

- continuously carrying the device by the robot arm or depositing the device

intermittently within the reach of the robot arm,

(c) monitoring the operation in step by a control unit and evaluating at least one

parameter influencing the quality of the device.

2. The method of claim 1, wherein monitoring the operation of the device comprises

obtaining a test result with the device.

3. The method of claim 1 or 2, wherein evaluating a parameter influencing the quality

of the device comprises determining a measurement accuracy of the device.

4. The method according to any one of claims 1 to 3, further comprising modifying an
operating condition of the robot in order to identify an influence on the quality of the device.

5. The method according to any one of claims 1 to 4, further comprising adapting or
modifying one or more handling cycles to simulate differences in user handling and

evaluating an influencing parameter resulting therefrom.

6. The method according to any one of claims 1 to 5, further comprising adapting or

modifying one or more handling cycles to account for deviant user handling.

Date Regue/Date Received 2020-12-04
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7. The method of claim 6, further comprising adapting or modifying one or more

handling cycles in a number of degrees of freedom of the robot movement.

8. The method of claim 7, wherein the artificial finger is provided with a property similar

to a human finger.

9. The method of claim 7 or 8, wherein the handling cycle comprises loading the
artificial finger with sample fluid by means of a fluid supply arranged within the artificial

finger or by means of a pipette.

10. The method according to any one of claims 7 to 9, wherein the handling cycle
comprises moving the artificial finger with a predefined orientation and/or force towards a

test element.

11. The method according to any one of claims 1 to 10, wherein the robot is provided
with one or two robot arms and the handling cycle provides for simulation of at least one of

right-handed, left-handed, single-handed and two-handed use of the device.

12. The method according to any one of claims 1 to 11, wherein movement paths of the
robot are modified by re-arranging graphical symbols on a display which represent the

preprogrammed modules.

13. The method according to any one of claims 1 to 12, wherein in step (a) a graphical
user interface is used by the human user for simplified programming of the handling cycle

as a chain of preprogrammed modules which define elementary movements of the robot.

14. The method according to claim 6, wherein the deviant user handling comprises

deviance due to or derived from an impairment or illness of the user.

15. The method of claim 7, wherein the robot movement comprises spatial direction,

amplitude, velocity and frequency of an oscillation or deflection of the robot.

16. The method of claim 8, wherein the property similar to a human finger comprises at

least one of a predefined elasticity, skin friction, surface contamination and color.

17. A quality evaluation system adapted to evaluate a handheld blood glucose meter,
which is operable by a human user in a sequence of handling steps to test an analyte in a
sample fluid applied on a test element, said quality evaluation system further comprising a

robot which has at least one robot arm and which is programmed to mimic the sequence of

Date Regue/Date Received 2020-12-04
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handling steps performed by a human user in an automated handling cycle, and a graphical
user interface adapted for simplified programming of the handling cycle as a chain of
preprogrammed modules which define elementary movements of the robot, and a control
unit adapted to monitor the operation of the handheld blood glucose meter in one or more
handling cycles and adapted to evaluate at least one parameter influencing the quality of
the handheld blood glucose meter, wherein the automated handling cycle comprises at least
one of:

- using an artificial finger on the robot arm to apply sample fluid to a test element,
specifically whole blood or artificial blood,

- grabbing the device with a receiving end of the robot arm,

- continuously carrying the device by the robot arm or depositing the device

intermittently within the reach of the robot arm.

Date Regue/Date Received 2020-12-04
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