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(54) AUTOMATED ANALYZER

(57) Provided is an automatic analysis device capa-
ble of detecting a pipetting condition with high accuracy
even when pressure pulsation occurs due to a pipetting
syringe operation or a probe operation before and after
pipetting.

An automatic analysis device 101 includes a con-
tainer 208 filled with a fluid, a pressure source, a probe
202 which separates the fluid within the container 208,
a driving unit 206 which moves the probe 202, a flow path
203 which connects the probe 202 and the pressure
source, a pressure sensor 214 which measures pressure
variations within the flow path 203, a storage unit 220
which stores time series measurement data of the pres-
sure sensor 214, a sensor 222 which detects a liquid
level position within the container 208, and a position
determination unit which determines the position of the
flow path 203 or the probe 202, in which the condition of
flow generated within the flow path is estimated based
on the time series measurement data and position infor-
mation of the flow path 203 or the probe 202 by the po-
sition determination unit.
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Description

Technical Field

[0001] The present invention relates to an automatic analysis device provided with a pipetting unit that aspirates and
discharges a liquid, and in particular, the automatic analysis device having a function of predicting a liquid condition at
the time of pipetting such as air aspiration or clot in a pipe.

Background Art

[0002] The automatic analysis device, such as a clinical chemistry analysis device and an immunoassay analysis
device, is configured with a sample pipetting unit which aspirates a specified volume of sample such as a biological
sample and discharges the sample into a reaction vessel, a reagent pipetting unit which aspirates a specified volume
of reagent and discharges the reagent into the reaction vessel, and a detection unit which detects a mixed solution of
the reacted sample and reagent.
[0003] Here, the sample pipetting unit or the reagent pipetting unit is configured with a cylindrical or tapered probe to
be inserted into the liquid, a syringe for driving the aspiration and discharge of the liquid, and a flow path that connects
the probe and the syringe. The specified volume of liquid is pipetted by inserting the probe into the liquid, aspirating the
specified volume of liquid, moving the probe to a different vessel, and discharging the probe. When pipetting the sample,
a disposable tip may be attached to the end of the probe in order to prevent the sample component from being carried
over to the next test.
[0004] At the time of pipetting a liquid, abnormalities in pipetting, such as aspiration of bubbles generated by handling
the sample tube or clot in the flow path due to a high-viscosity liquid or fibrin in the sample, may occur. By accurately
estimating the pipetting condition and detecting abnormalities, highly accurate analysis results can be obtained.
[0005] As a method for detecting abnormalities in pipetting, for example, JP-B-3633631 (PTL 1) has a configuration
in which sample pipetting abnormalities are detected by using the pressure integrated value in a specific section and
the average pressure difference between the normal discharge and the end of discharge as indexes for the pressure
variations at the time of discharging the sample, and by comparing the indexes with threshold values set in advance.
[0006] Further, JP-A-2000-121649 (PTL 2) has a configuration in which sample aspiration abnormalities are detected
by recording the pressure within the flow path at the time of aspirating the sample, and by comparing the recorded
aspiration pressure curve with a parameterized mathematical formula.

Citation List

Patent Literature

[0007]

PTL 1: JP-B-3633631
PTL 2: JP-A-2000-121649

Summary of Invention

Technical Problem

[0008] In the structure illustrated in Patent Literature 1, the pipetting condition is detected by using the pressure
integrated value in a specific section and the average pressure difference between the normal discharge and the end
of discharge as indexes for the pressure variations at the time of discharging the sample, and by comparing the indexes
with threshold values set in advance. However, when the pipetting volume is small and no large difference is observed
in the pressure history, or when there is an overlap between the pressure variation used for detecting the pipetting
condition and the pressure pulsation due to the probe operation before and after pipetting, the prediction accuracy of
the pipetting condition may decrease. Accordingly, there is a problem that an additional test is required due to an
erroneous determination that the normal pipetting is determined to be abnormal or an oversight that the abnormal
pipetting is determined to be normal, and a loss of a sample or a reagent may occur.
[0009] Further, the structure illustrated in Patent Literature 2, in which the pressure within the flow path at the time of
aspirating the sample is recorded and the recorded aspiration pressure curve is compared with the parameterized
mathematical formula, is effective when smooth pressure variation occurs during the aspiration. Meanwhile, when the
pressure within the flow path is pulsated due to the pipetting syringe operation or the probe operation before and after
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pipetting, the prediction accuracy of the pipetting condition may decrease, and there is a problem that loss of the sample
or the reagent may occur.
[0010] Here, the present invention provides an automatic analysis device capable of estimating a pipetting condition
with high accuracy even when pressure pulsation occurs due to a pipetting syringe operation or a probe operation before
and after pipetting.

Solution to Problem

[0011] In order to solve the problem described above, the present invention provides an automatic analysis device
including: a container filled with a fluid; a pressure source; a probe which pipettes the fluid within the container; a driving
unit which moves the probe; a flow path which connects the probe and the pressure source; a pressure sensor which
measures pressure variations within the flow path; a storage unit which stores time series measurement data of the
pressure sensor; a sensor which detects a liquid level position within the container; and a position determination unit
which determines the position of the flow path or the probe, in which a condition of flow generated within the flow path
is estimated based on the time series measurement data and position information of the flow path or the probe by the
position determination unit.

Advantageous Effects of Invention

[0012] According to the present invention, it is possible to provide an automatic analysis device capable of detecting
a pipetting condition with high accuracy even when pressure pulsation occurs due to a pipetting syringe operation or a
probe operation before and after pipetting.
[0013] The problems, the configurations, and the effects other than those described above will be clarified from the
description of the embodiments below.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 is a configuration diagram schematically illustrating an automatic analysis device of Example 1 according
to examples of the present invention.
[Fig. 2] Fig. 2 is a configuration diagram schematically illustrating a sample pipetting mechanism of the automatic
analysis device shown in Fig. 1.
[Fig. 3] Fig. 3 is a diagram illustrating a condition of fluid movement within a tip at the time of air aspiration in which
bubbles are aspirated and discharged.
[Fig. 4] Fig. 4 is a diagram illustrating pressure variations in an aspiration or discharge step.
[Fig. 5] Fig. 5 is a diagram illustrating a probe, a pressure sensor, and a flow path which connects the probe and
the pressure sensor.
[Fig. 6] Fig. 6 is a diagram illustrating an operation flow of the sample pipetting mechanism, which is a procedure
of determining the air aspiration.
[Fig. 7] Fig. 7 is a diagram illustrating a procedure of creating a relative pressure history.
[Fig. 8] Fig. 8 is a diagram illustrating a procedure of creating a pressure history standard.
[Fig. 9] Fig. 9 is a modification example of the configuration diagram schematically illustrating the sample pipetting
mechanism of the automatic analysis device shown in Fig. 2.
[Fig. 10] Fig. 10 is a diagram illustrating a procedure for determining a constant fixed number α in the modification
example shown in Fig. 9.
[Fig. 11] Fig. 11 is a diagram illustrating a procedure of determining the air aspiration of Example 2 according to
other examples of the present invention.
[Fig. 12] Fig. 12 is a diagram illustrating pressure data before and after processing pressure pulsation.

Description of Embodiments

[0015] Hereinafter, examples of the present invention will be described with reference to the figures.

Example 1

[0016] First, in the present example, a case where aspiration of bubbles (hereinafter, air aspiration), which is one of
the pipetting conditions, is detected will be described.
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Fig. 1 is a configuration diagram schematically illustrating an automatic analysis device 101 of Example 1 according to
examples of the present invention.
[0017] As shown in Fig. 1, the automatic analysis device 101 includes a rack transportation line 103 for transporting
a sample rack 102, a reagent cooling unit 104, an incubator disk (reaction disk) 105, a sample pipetting mechanism
(sample pipetting mechanism) 106, and a reagent pipetting mechanism 107, a consumable transportation unit 108, and
a detection unit 109.
[0018] The sample rack 102 accommodates several sample tubes (sample containers) 110 for storing biological
samples (specimens) such as blood and urine, and the sample rack 102 is conveyed on the rack transportation line 103
in a condition where the sample tubes 110 are accommodated.
[0019] Several reagent containers 111 for storing various reagents used for analyzing samples are accommodated
and cooled in the reagent cooling unit 104. At least a part of the upper surface of the reagent cooling unit 104 is covered
with a reagent disk cover 112.
[0020] The incubator disk 105 includes: a reaction vessel disposal unit 114 in which several reaction vessels 113 for
making the sample and the reagent react with each other are arranged; and a temperature adjustment mechanism (not
shown) for adjusting the temperature of the reaction vessel 113 to a desired temperature.
[0021] The sample pipetting mechanism 106 has a rotation drive mechanism or a vertical drive mechanism (not shown),
and the sample can be pipetted from the sample tube 110 to the reaction vessel 113 stored in the incubator disk 105
by these drive mechanisms. The reagent pipetting mechanism 107 also has a rotation drive mechanism or a vertical
drive mechanism (not shown), and the reagent is pipetted from the reagent container 111 to the reaction vessel 113
stored in the incubator disk 105 by these drive mechanisms . The detection unit 109 includes a photomultiplier tube, a
light source lamp, a spectroscope, and a photodiode (not shown), has a function of adjusting the temperature of the
photomultiplier tube, a light source lamp, and a photodiode (not shown), and analyzes the reaction solution.
[0022] Fig. 2 is a configuration diagram schematically illustrating the sample pipetting mechanism of the automatic
analysis device shown in Fig. 1. As shown in Fig. 2, a probe 202 to which a freely removable tip 201 is attached is
connected to a syringe 204 via a flow path 203, and the inside thereof is filled with a liquid. The syringe 204 is configured
with a cylinder 204a and a plunger 204b, and a syringe driving unit 205 is connected to the plunger 204b. By driving the
plunger 204b vertically with respect to the cylinder 204a by the syringe driving unit 205, the sample is aspirated and
discharged. A motor (not shown) is connected to the probe 202 as a probe driving unit 206, and according to this, the
probe 202 can be moved in the horizontal direction and the vertical direction and moved to a predetermined position.
The syringe driving unit 205 and the probe driving unit 206 are controlled by a control unit 207.
[0023] Before a sample (specimen) 209 within the container 208 is aspirated, air (separation air) is aspirated into the
probe 202 to prevent the liquid that fills the probe 202 and the sample 209 from mixing with each other and the tip 201
is attached to the end of the probe 202.
[0024] After this, the probe driving unit 206 makes the probe 202 descend until the bottom of the tip 201 reaches the
liquid of the sample 209, and further performs the aspiration operation. When the sample aspiration operation is com-
pleted, the probe 202 moves to the sample discharge position, and the syringe 204 performs the discharge operation.
[0025] After discharging, the probe 202 can be cleaned by discharging cleaning water 212 within a water supply tank
211 at a high pressure by a water supply pump 210. The flow path to the water supply tank 211 is opened and closed
by a solenoid valve 213. The solenoid valve 213 is controlled by the control unit 207.
[0026] A pressure sensor 214 for measuring the pressure in the flow path 203 is connected to a flow path system
including the probe 202, the flow path 203, and the syringe 204 via a branch block 215. Here, since the pressure sensor
214 measures the pressure variations of the opening of the probe 202 and the tip 201 with high sensitivity, it is desirable
to install the pressure sensor 214 on the probe 202 side as much as possible. The output value of the pressure sensor
214 is amplified by a signal amplifier 216 and converted into a digital signal by an A/D converter 217. The digitally
converted signal is sent to a determination unit 218.
[0027] The determination unit 218 is configured with: a sampling unit 219 which samples the signal from the A/D
converter 217; a storage unit 220 which stores the data of the sampling unit; and a calculation unit 221 which calculates
an average value or the like from the information stored in the storage unit 220.
[0028] A liquid level sensor 222 determines whether or not the tip 201 at the end of the probe 202 is immersed in the
sample 209 at the time of pipetting. The information on the relative immersion depth of the probe 202 calculated from
the immersion time with respect to the sample 209 is sent to the storage unit 220.
[0029] A flow path position determination unit 223 determines the position of the probe 202 or the flow path 203 at the
time of pipetting. Specific configurations of the flow path position determination unit 223 include a mechanism for deter-
mining the height of the probe 202 based on the drive history of the motor of the probe driving unit 206, a mechanism
for detecting the position of the probe 202 or the flow path 203 with a sensor, and so on. The position information of the
probe 202 or the flow path 203 at the time of pipetting, which is determined by the flow path position determination unit
223, is sent to the storage unit 220.
[0030] The result of determination performed by the determination unit 218 and the countermeasures for the result of
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determination are displayed to the user using a display unit 224. The operation change information based on the deter-
mination result is transmitted to the control unit 207.
[0031] The determination unit 218 may be configured as hardware in the device as a dedicated circuit board, or may
perform input and output using the information communication network using hardware in the vicinity of the device or in
a remote location.
[0032] Fig. 3 illustrates the fluid movement in the tip during air aspiration, which is one of the pipetting conditions. The
upper part of Fig. 3 illustrates the fluid movement during aspiration, and the lower part of Fig. 3 illustrates the fluid
movement during discharge. When the sample 209 is aspirated, bubbles 301 are erroneously aspirated into the tip 201,
and accordingly, the air aspiration occurs. As the reason of the air aspiration, false detection of the liquid surface due
to bubbles unintentionally generated by handling the sample tube is considered.
[0033] When comparing a case where the bubbles move in the tip and a case where the sample moves, the pressure
loss in the pipe line due to the viscosity of the fluid is different. As an example of a physical equation that expresses the
pressure loss due to friction in the pipe line, the Hagen-Poiseuille equation (1) hereinafter can be employed. 

[0034] Here, Ploss is the pressure loss, m is the viscosity of the fluid, L is the length of the pipe line, π is the ratio of the
circumference, d is the diameter of the pipe line, and Q is the flow rate in the pipe line. In the present example, the air
aspiration condition is detected by using the pressure data of the aspiration step or the discharge step in which the flow
in the pipe line is generated.
[0035] Fig. 4 is a diagram illustrating pressure variations in an aspiration or discharge step. As shown in Fig. 4, the
probe starts descending from a horizontal rotational movement stop time 401 of the probe to the sample tube 110, and
the damped oscillation by the inertial force of the descent stop occurs between a probe descent stop time 402 and a
pipetting syringe operation start time 403, and the pressure oscillation occurs due to the flow in the pipe line between
the pipetting syringe operation start time 403 and a pipetting syringe operation end time 404. Among these, the influence
of bubbles in the tip 201 appears in the pressure oscillation due to the flow within the pipe line between the pipetting
syringe operation start time 403 and the pipetting syringe operation end time 404. Therefore, it is effective to use this
section in detecting the air aspiration.
[0036] In the example, the air aspiration is determined from the relative pressure value between the pipetting syringe
operation start time 403 and the pipetting syringe operation end time 404, in which the pressure between the probe
descent stop time 402 and the pipetting syringe operation start time 403 is used as a reference pressure value. By using
the pressure between the probe descent stop time 402 and the pipetting syringe operation start time 403 as a reference,
it is possible to detect air aspiration that is not affected by the difference in height during pipetting. Depending on the
length of the pipetting operation time, the influence of bubbles may appear after the pipetting syringe operation end time
404. In this case, the determination may be made using the pressure data after the pipetting syringe operation end time
404.
[0037] Here, when the probe descent stop time 402 and the pipetting syringe operation start time 403 are close to
each other in 1 second or less, there is a possibility that the reference pressure value is affected by the damped oscillation
due to the inertial force. In order to use a stable reference pressure value without being affected by the damped oscillation,
the immersion depth information by the liquid level sensor 222 and the probe height information by the flow path position
determination unit 223 are used.
[0038] Fig. 5 illustrates the probe, the pressure sensor, and the flow path that connects the sensor and the flow path,
in the sample pipetting mechanism of Fig. 2.
[0039] In Fig. 5, a hydraulic head Phead in the pressure sensor position is represented by the following equation (2). 

[0040] Here, ρ is the density of the fluid within the probe, the flow path, and the sample tube, g is the gravitational
acceleration, H is the probe height, and h is the immersion depth. When the tip, the probe, the flow path, and the sample
tube contain fluids having different densities, the hydraulic head may be calculated for each fluid.
[0041] In the present example, as the reference pressure value between the probe descent stop time 402 and the
pipetting syringe operation start time 403, the above-described hydraulic head Phead calculated from the immersion
depth information h by the liquid level sensor 222 and the probe height H by the flow path position determination unit
223 is used as a reference pressure value. By setting the Phead as a reference pressure value, the reference pressure
value is not affected by the damped oscillation due to the inertial force.
[0042] Fig. 6 is an operation flow of the sample pipetting mechanism, and illustrates a flowchart of the air aspiration
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determination in the present example.
[0043] The following air aspiration determination is executed when pipetting the sample input by the user and the
reagent used for analysis. First, in step S601, the probe driving unit 206 and the flow path position determination unit
223 execute the probe descent stop before pipetting and probe height information acquisition. After this, in step S602,
the syringe driving unit 205 executes the pipetting syringe operation and time series pressure data collection. In step
S603, the calculation unit 221 calculates the reference pressure value according to the above-described equation (2),
and executes the creation of the relative pressure history between the pipetting syringe operation start time 403 and the
pipetting syringe operation end time 404 with respect to the reference pressure value Phead (step S604) .
[0044] Here, in creating the relative pressure history in step S604, it is necessary to align the position of the relative
pressure history in the time direction. In the present example, the reference pressure value calculated from the reference
pressure value calculation (step S603) is used to perform the alignment in the time direction.
[0045] Fig. 7 illustrates a procedure of creating a relative pressure history.
[0046] As shown in the upper part of Fig. 7, first, in step S701, the calculation unit 221 executes the calculation of a
threshold pressure. The threshold pressure is used as a trigger for determining the time reference point when aligning
the relative pressure history in the time direction. Here, a value offset by a constant value from a reference pressure
value 701a calculated in step S603 (reference pressure value calculation) described above is set as a threshold pressure
701b (lower part of Fig. 7). The offset may be constant for all pipetting volumes or may be varied for each pipetting
volume . By setting the threshold pressure 701b based on the reference pressure value 701a, it is possible to create a
relative pressure history that is not affected by the probe height and the immersion depth at the time of pipetting.
[0047] Using the calculated threshold pressure 701b, the calculation unit 221 calculates the reference time in step
S702. A reference time 702a (lower part of Fig. 7) is a time corresponding to the threshold pressure 701b, and is used
to align the pressure pulsation due to the syringe operation in the time direction. In determining the reference time 702a,
it is preferable to limit the search range of the time corresponding to the threshold pressure 701b by using the pipetting
syringe operation start time 403. Since the pressure pulsation due to the syringe operation occurs after the pipetting
syringe operation start time 403, it is desirable to search for a certain time section after the pipetting syringe operation
start time 403. In addition, it is desirable to set the threshold pressure 701b to a point where the slope of the pressure
pulsation is large. By setting the threshold pressure 701b to a point where the slope of the pressure pulsation is large,
it is possible to improve the accuracy of determining the reference time 702a in the time direction. In the search for the
reference time 702a, it is desirable to determine the reference time 702a by using a known interpolation method such
as linear interpolation or spline interpolation for the discrete time series data.
[0048] In step S703, the calculation unit 221 offsets the pressure history using the calculated threshold pressure 701b
and the reference time 702a. In offsetting the pressure history (step S703), the acquired time series pressure data is
translated in the pressure history such that the point corresponding to the threshold pressure 701b and the reference
time 702a is a starting point 703a. By offsetting the pressure history (step S703), it is possible to cancel out the difference
in the hydraulic head due to the probe height and the immersion depth and the difference in the pressure history due to
the difference in the aspiration time, and to cut out only the pressure variation due to the pipetting syringe operation with
high accuracy.
[0049] Returning to Fig. 6, in step S605, the calculation unit 221 compares the relative pressure history with the
pressure history standard. Here, the pressure history standard is a pressure history acquired in advance, and the air
aspiration is determined by comparing the relative pressure history with the pressure history standard. As the pressure
history standard, a pressure history at the time of normal pipetting or a pressure history at the time of air aspiration,
which is obtained in advance, can be used. This is, for example, to suppress the machine difference for each syringe.
[0050] In the comparison of the relative pressure history and the pressure history standard at the time of pipetting
(step S605), the known statistical distances, such as the average value of the pressure in a certain section, the integrated
value of the pressure, the Euclidean distance between the two histories, and the Mahalanobis distance, can be used
for the comparison. Since both the relative pressure history and the pressure history standard include the pressure
pulsation during the pipetting syringe operation, by comparing the relative pressure history with the pressure history
standard, it is possible to detect the pipetting condition without depending on the pressure pulsation due to the pipetting
syringe operation.
[0051] In step S606, the calculation unit 221 determines the pipetting condition from the result of comparison of the
relative pressure history and the pressure history standard. Examples of the determination of the pipetting condition
include determination based on the average value of pressure in a certain section and the magnitude difference between
the integrated value of pressure and a certain threshold value, which are obtained by comparing the relative pressure
history during pipetting and the pressure history standard (step S605), determination based on the magnitude relationship
of values such as the Euclidean distance, the Mahalanobis distance or the like with respect to a plurality of pressure
history standards, and so on. When it is determined to be normal (step S607), the subsequent analysis operation may
be performed for the sample, and when it is determined to be the air aspiration (step S608), the analysis of the sample
may be canceled or an alert may be issued, and a message that prompts the user to perform reanalysis may be displayed.
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An operation of compensating for air aspiration may be performed, such as performing the pipetting step again. The
reliability of analysis results can be ensured by canceling analysis or issuing alerts.
[0052] Fig. 8 is a procedure for creating a pressure history standard, and illustrates a detailed procedure for creating
the pressure history standard in step S605 of Fig. 6. The calculation unit 221 executes each of the following steps.
[0053] The creation of the pressure history standard is started by setting a calibration mode (step S801) by the service
engineer or the user. The service engineer or the user provides the determined calibration sample (step S802) to the
device. Here, it is desirable that the sample used as the calibration sample includes both a sample that serves as a
reference for normal pipetting and a sample that serves as a reference for air aspiration. The reference for normal
pipetting may be set to a sample with the lowest viscosity among the samples that can be an analysis target of the
device. Among the samples that can be the analysis target of the device, in a case where the sample with the lowest
viscosity is approximately the same as pure water, when setting the sample having 1.5 mPa·s or less in an environment
of 25°C as a reference for normal pipetting such that the reference of the normal pipetting is approximately the same
as or less than the viscosity of pure water, the determination with high accuracy is possible for all samples. In addition,
it is desirable to use a sample containing gas as the reference for air aspiration. It is preferable to set a completely empty
sample tube to reduce variability. As a calibration sample, two or more references for normal pipetting or references for
air aspiration may be set. At this time, it is desirable that the pipetting volume of the calibration sample into the sample
tube is set near the median value of the upper limit and the lower limit of the liquid level height that can be analyzed by
the device . When necessary, a pressure history standard may be created by setting several pipetting volumes according
to the liquid level height.
[0054] The pipetting sequence for calibration is started (step S803) for the provided calibration sample, and the pipetting
sequence is executed for a specified number of times (step S804) . Here, it is desirable that the pipetting sequence is
the same as the operation at the time of actual sample analysis. While executing the pipetting sequence for a specified
number of times (step S804), probe height information is acquired at the time of probe descent stop before pipetting,
and time series pressure data is collected at the time of the pipetting syringe operation, and the collected data is stored
in the storage unit 220. Pipetting may be performed for several pipetting volumes and the calibration pipetting volume
may be set to cover all possible syringe operating speeds. Since the pressure pulsation during the syringe operation is
highly dependent on the syringe operating speed, by creating several pressure history standards and covering all possible
syringe operating speeds, determination of the air aspiration that is not affected by the pressure pulsation during the
syringe operation can be achieved. It is desirable to pipette both the sample that is the reference for normal pipetting
and the sample that is the reference for air aspiration with the same pipetting volume, and to pipette both samples
multiple times. When the same sample is pipetted multiple times with the same pipetting volume, the reliability of the
pressure history standard can be improved by comparing the time series pressure data of multiple-times pipetting and
confirming that the difference is small. Here, in order to confirm that the difference is small, the average value of pressure
in a certain section, the integrated value of pressure, the Euclidean distance between two histories, the Mahalanobis
distance, and the like can be used.
[0055] After executing the pipetting sequence for a specified number of times (step S804), by acquiring the probe
height information at the time of probe descent stop before pipetting and using the time series pressure data during the
pipetting syringe operation, which are recorded in the storage unit 220, the reference pressure value calculation (step
S805) and the creation of the relative pressure history (step S806) are performed. It is desirable that the reference
pressure value calculation (step S805) is the same process as the reference pressure value calculation (step S603),
and the creation of the relative pressure history (step S806) is the same process as the creation of the relative pressure
history (step S604) . By performing the same process, when the pressure history standard and the relative pressure
history at the time of determination are compared with each other, it is possible to detect the pipetting condition without
depending on the probe height, the immersion depth, and the pressure pulsation due to the pipetting syringe operation.
[0056] Using the created relative pressure history, the pressure history standard is created (step S807). The created
pressure history standard may be the acquired relative pressure history itself, or may be a feature amount of the relative
pressure history such as the average value of the pressure in a certain section or the coordinates of the peak of the
history. When the same pipetting volume and the same sample are pipetted multiple times, a representative pressure
history standard may be created by using the average value or the median value. Both the sample that serves as the
reference for normal pipetting and the sample that serves as the reference for air aspiration may be used as the pressure
history standard, or only the average thereof may be used as the pressure history standard.
[0057] The created pressure history standard is stored (step S808) . When only the feature amount is stored for the
pressure history standard as the feature amount of the relative pressure history, the capacity of the stored data can be
reduced.
[0058] After storing the pressure history standard (step S808), the end of the calibration mode (step S809) is performed.
Before the end of the calibration mode (step S809), the time series pressure data at the time of multiple-times pipetting
is compared to confirm that the difference is small. In a case where the difference is large, when an alert that encourages
the service engineer or the user to perform the calibration again is displayed, it is possible to improve the reliability of
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the pressure history standard. It is also effective to improve the reliability of the pressure history standard by comparing
the time series pressure data at the time of multiple-times pipetting and comparing with the pressure history standard
created in the previous calibration and confirming that the difference is small. By creating the pressure history standard
according to Fig. 8 for each certain period, it is possible to determine a highly reliable air aspiration that cancels out the
long-term change of the device.
[0059] It is desirable that the pressure history standard is created on an average weather day at the location where
the device will be installed. By creating a pressure history standard at the place where the device is installed, it is possible
to determine air aspiration without depending on changes in pressure pulsation due to external air pressure. In order to
correspond to an environment in which the temperature changes greatly, it is also preferable to correct the pressure
history standard with respect to the air temperature and use the corrected pressure history standard in determining air
aspiration, in order to improve the accuracy of the determination.
[0060] In the present example, by adopting a pressure reference value that is not affected by damped oscillation due
to inertial force, it becomes possible to detect the pipetting condition with high accuracy without depending on pressure
pulsation due to the probe operation before and after pipetting. By comparing the relative pressure history with respect
to the pressure reference value with the pressure history standard acquired in advance, it is possible to detect the
pipetting condition without depending on the pressure pulsation by the pipetting syringe operation. The pipetting condition
detection here can be widely applied not only to air aspiration but also a case of detecting an unintended pipetting
condition such as clot in the flow path. Further, when the matching degree between the pressure history at the time of
pipetting and the pressure history standard is high, this pipetting condition detection can also be applied to the evaluation
of the result, for example, indicating that the pipetting result is excellent.

[Modification of Example 1]

[0061] Fig. 9 is a modification example of the configuration diagram schematically illustrating the sample pipetting
mechanism of the automatic analysis device of the above-described Example 1 shown in Fig. 2. In the following, the
same components as those in Example 1 will be given the same reference numerals, and the description overlapping
with that of the Example 1 will be omitted.
[0062] As shown in Fig. 9, the difference from Fig. 2 is that the information of the liquid level sensor 222 is transmitted
to the control unit 207 instead of the storage unit 220.
[0063] The liquid level sensor 222 determines whether or not the tip 201 at the end of the probe 202 is immersed in
the sample 209 at the time of pipetting. In the present modification, a configuration is employed in which, by directly
transmitting the immersion detection information of the liquid level sensor 222 to the control unit 207, and by driving
downward and then stopping a certain amount of the probe 202 after the immersion detection time, the relative immersion
depth of the probe 202 immediately before the pipetting operation for the sample 209 is set to be constant.
[0064] In the present modification, the immersion depth h in the above-described equation (2) has a constant value,
and the following is satisfied. 

[0065] Here, α is a constant fixed number. In this case, it is not necessary to refer to the immersion depth h for each
pipetting, and only the probe height H needs to be referred to.
[0066] Fig. 10 illustrates a method for determining the constant fixed number α in the present modification.
[0067] As shown in Fig. 10, in step S1001, pressure is acquired at a probe height H0. The probe height H0 is acquired
by the liquid level sensor 222 and the control unit 207. The pressure is acquired by the pressure sensor 214, the signal
amplifier 216, and the determination unit 218. The pressure acquired here is P0. Here, it is desirable that the height,
such as the upper limit point of the probe, is predetermined as H0. It is desirable to acquire the pressure at a time when
the pressure pulsation is small, such as a time when the probe is stationary or the operating direction of the probe is
orthogonal to the flow path direction. When the probe moves horizontally, the operating direction of the probe is orthogonal
to the flow path direction, and thus, the pressure pulsation is small and is suitable as the pressure acquisition time. It is
desirable that the pressure is acquired in a certain time section and the average value is used as the pressure value.
[0068] The calculation of the fixed number α (step S1002) can be performed by the following equation (4). 

[0069] Using the fixed number α determined using the procedure of Fig. 10, the hydraulic head Phead is calculated
from the above-described equation (3), Phead is adopted as the reference pressure value, and the air aspiration is
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determined.
[0070] Since the reference pressure value Phead calculated by the modification of the present example does not depend
on the pressure pulsation due to the probe operation before and after pipetting, the determination with high accuracy
without depending on the pressure pulsation is possible.
[0071] It is preferable that the procedure of Fig. 10 of the modification of the present example is performed for each
pipetting sequence. By performing this procedure for each pipetting sequence, even when the measured pressure value
of the pressure sensor 214 is offset in the entire pipetting sequence, or even when the hydraulic head changes throughout
the whole pipetting sequence due to the mixing of bubbles in the flow path, these effects can be canceled out by calculating
the reference pressure value Phead, and thus, it is possible to stably determine air aspiration.
[0072] According to the present example described above, it is possible to provide an automatic analysis device
capable of detecting a pipetting condition with high accuracy even when pressure pulsation occurs due to a pipetting
syringe operation or a probe operation before and after pipetting.
[0073] By detecting the pipetting condition with high accuracy, bubbles generated by the handling of the sample tube
by the user or fibrin that causes clot is detected with high accuracy, and accordingly, it is possible to provide the automatic
analysis device that can reduce the loss of samples or reagents and reduce the labor of the user, such as re-test.

Example 2

[0074] Fig. 11 is a diagram illustrating a procedure of determining the air aspiration of Example 2 according to other
examples of the present invention. In the following, only the differences between the present example and Example 1
are shown.
[0075] As shown in Fig. 11, the difference in the present example is that the processes of steps S601 to S604 of Fig.
6 of the above-described Example 1 are changed to the processes of steps S1101 to S1104 of Fig. 11. Hereinafter, only
steps S1101 to S1104 will be described.
[0076] The probe descent stop before pipetting and the stop time and flow path position information acquisition are
performed (step S1101). Here, similar to Example 1, the flow path position information may be acquired only by the
probe height, or the flow path shape may be measured by using the flow path position determination unit 223 as a sensor
for determining the shape of the flow path. As for the stop time, the pressure data including the probe descent stop time
402 as shown in Fig. 4 may be acquired, then, the probe descent stop time 402 may be read from the pressure data.
[0077] For the data obtained in the pipetting syringe operation and the time series pressure data collection (step
S1102), the calculation of the pressure pulsation by the descent stop before pipetting (step S1103) is performed.
[0078] Fig. 12 illustrates pressure data before pulsation process 1201 obtained by the pipetting syringe operation and
time series pressure data collection (step S1102), and pressure data after pulsation process 1203 obtained by subtracting
descent stop pressure pulsation 1202 calculated by the calculation of the pressure pulsation by the descent stop before
pipetting (step S1103).
[0079] Descent stop pressure pulsation Posc between the probe descent stop time 402 and the pipetting syringe
operation start time 403 can be described by, for example, the following damped oscillation equation (5). 

[0080] Here, t is a time, and t0 is a probe descent stop time. A, B, C, D, and E are all fixed numbers that depend on
the shape of the flow path, and by determining the relationship between these fixed numbers and the flow path shape
in advance by an experiment or a physical model, the descent stop pressure pulsation Posc can be calculated. The fixed
numbers of A, B, C, D and E or the probe descent stop time t0 may be determined from the measurement data between
the probe descent stop time 402 and the pipetting syringe operation start time 403. As for the modeling of vibration, not
only the equation (5) but also various modifications such as adding a higher-order oscillation component can be con-
sidered, and may be used.
[0081] By subtracting the descent stop pressure pulsation Posc from the acquired pressure data before pulsation
process 1201, the pressure data after pulsation process 1203 can be obtained. By performing the procedure for creating
the relative pressure history shown in Fig. 7 for the pressure data after pulsation process 1203, it is possible to cancel
out the difference in the pressure history, which are caused by the difference in the hydraulic head due to the probe
height and the immersion depth and the difference in the aspiration time, to derive a relative pressure history that is not
affected by pressure pulsation due to the inertial force of the probe descent stop.
[0082] The present example is effective when the probe descent stop time 402 and the pipetting syringe operation
start time 403 are close to each other and the pressure pulsation due to the inertial force of the probe descent stop
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overlaps the pressure pulsation due to the pipetting syringe operation. In the example, by deriving and subtracting the
pressure pulsation Posc due to the inertial force of the probe descent stop, it is possible to cancel out the pressure
pulsation due to the inertial force of the probe descent stop remaining after the pipetting syringe operation start time
403. Accordingly, it is possible to cut out only the pressure pulsation caused by the pipetting syringe operation, and
detect the pipetting condition with high accuracy.
[0083] As described above, according to the present example, in addition to the effect of Example 1, a case where
the probe descent stop time 402 and the pipetting syringe operation start time 403 are close to each other, and the
pressure pulsation due to the inertial force of the probe descent stop overlaps the pressure pulsation due to the pipetting
syringe operation, is effective.
[0084] The present invention is not limited to the examples described above, but includes various modifications.
[0085] For example, the above-described examples are examples which are described in detail in order to make it
easy to understand the present invention, and are not limited to a case where all of the described configurations are
necessarily provided. In addition, a part of the configuration of a certain example can be replaced with the configuration
of other examples, and the configuration of the other example can also be added to the configuration of a certain example.

Reference Signs List

[0086]

101: Automatic analysis device
102: Sample rack
103: Rack transportation line
104: Reagent cooling unit
105: Incubator disk
106: Sample pipetting mechanism
107: Reagent pipetting mechanism
108: Consumable transportation unit
109: Detection unit
110: Sample tube (Sample container)
111: Reagent container
112: Reagent disk cover
113: Reaction vessel
114: Reaction vessel disposal unit
201: Tip
202: Probe
203: Flow path
204: Syringe
204a: Cylinder
204b: Plunger
205: Syringe driving unit
206: Probe driving unit
207: Control unit
208: Container
209: Sample (Sample)
210: Water supply pump
211: Water supply tank
212: Cleaning water
213: Solenoid valve
214: Pressure sensor
215: Branch block
216: Signal amplifier
217: A/D Converter
218: Determination unit
219: Sampling unit
220: Storage unit
221: Calculation unit
222: Liquid level sensor
223: Flow path position determination unit
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224: Display unit
301: Bubbles
401: Horizontal rotational movement stop time of the probe
402: Probe descent stop time
403: Pipetting syringe operation start time
404: Pipetting syringe operation end time
701a: Reference pressure value
701b: Threshold pressure
702a: Reference time
703a: Starting point
1201: Pressure data before pulsation process
1202: Descent stop pressure pulsation
1203: Pressure data after pulsation process

Claims

1. An automatic analysis device comprising:

a container filled with a fluid;
a pressure source;
a probe which separates the fluid within the container;
a driving unit which moves the probe;
a flow path which connects the probe and the pressure source;
a pressure sensor which measures pressure variations within the flow path;
a storage unit which stores time series measurement data of the pressure sensor;
a sensor which detects a liquid level position within the container; and
a position determination unit which determines the position of the flow path or the probe, wherein
a condition of flow generated within the flow path is estimated based on the time series measurement data and
position information of the flow path or the probe by the position determination unit.

2. The automatic analysis device according to claim 1, wherein

a reference value of pressure is determined according to position information of the flow path or the probe by
the position determination unit,
the reference value is subtracted from the time series measurement data, and
a condition of flow is estimated by using the time series measurement data after subtraction.

3. The automatic analysis device according to claim 2, wherein

a reference value of pressure is determined according to position information of the flow path or the probe by
the position determination unit,
a reference point of time of the time series measurement data is determined by using the reference value of
pressure, and
a condition of flow is estimated by using time series measurement data in which the reference point of time is
offset to be time 0.

4. The automatic analysis device according to claim 1, wherein
pressure pulsation is calculated according to a flow path position and an operation history of the flow path, and the
calculated pressure pulsation is subtracted from the time series measurement data so as to be processed.

5. The automatic analysis device according to any one of claims 1 to 4, wherein
a time interval between an operation of generating a pressure of the pressure source and an operation of moving
the flow path is 1 second or less.

6. The automatic analysis device according to any one of claims 1 to 4, wherein
an operation is adjusted by the sensor which detects a liquid level position within the container such that an immersion
depth of the probe in a sample immediately before a fluid separation operation is constant.
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7. The automatic analysis device according to claim 6, wherein
time series measurement data of the pressure sensor is stored in the two or more flow path positions.

8. The automatic analysis device according to claim 2 or 3, wherein
a viscosity of a sample for calibration in obtaining the reference pressure data is 1.5 mPa·s or less in an environment
of 25°C.
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