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ABSTRACT 

Automated systems and methods determine a level of fluid relative to a rim of a sample 

receptacle defining an open top of the sample receptacle.  The systems and methods utilize a 

distance sensor to measure the distance between the rim of the sample receptacle and the surface 

of a fluid sample contained in the sample receptacle, where at least one of the sensor and the 

sample receptacle is moved relative to the other to enable the sensor to obtain a sequence of 

discrete measurements of distances between the sensor and the rim of the sample receptacle and 

between the sensor and the surface of the fluid sample.  A controller processes an output signal 

from the sensor to determine a level of the fluid relative to the rim of the sample receptacle. The 

derivative of the sequence of discrete measurements may be used to identify the rim and the fluid 

surface in the output signal.   
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SYSTEM AND METHOD FOR DIFFERENTIAL MEASUREMENT OF A FLUID 
LEVEL IN A SAMPLE RECEPTACLE 

 
 

CROSS REFERENCE OF RELATED APPLICATION 

[0001] This application is a divisional application of Australian patent application 

2021259791, which is the national phase of PCT/US2021/028719 filed 22 April 2021, which 

claims priority the benefit of US63/015,129 filed 24 April 2020, the disclosures of which are 

incorporated herein by reference in their entirety.    

FIELD 

[0002] This disclosure generally relates to automated analytical systems methods, and more 

particularly, to automated systems and methods for measuring differential fluid level in a sample 

tube.  

BACKGROUND 

[0003] Automated analysis systems for handling and analyzing various types of fluid 

samples (also referred to as fluid specimens) are widely used in clinical diagnosis and medical 

research.  The fluid samples may be any type of sample or specimen type, such as whole blood, 

blood serum, blood plasma, interstitial fluid, phlegm, urine, fecal matter, semen, mucus, pus, 

tissue, food, environmental, industrial, etc.  For example, a number of automated systems are 

available for performing assays on biological fluid samples to detect and/or quantify the presence 

or amount of antigens, cell abnormalities, disease states, and/or disease-associated pathogens, 

such as parasites, fungi, bacteria and viruses present in the samples.  In general, diagnostic 

assays are based either on the detection of antigens or antibodies (immunoassays) or nucleic 

acids belonging to an organism or virus of interest (nucleic acid-based assays).  There are also 

automated systems for performing genetic testing on a biological fluid to identify genes present 

in a sample, for instance, to detect disease-associated mutations. 

[0004] Automated analytical systems typically have a variety of stations, which may include 

sample preparation “prep” stations, analysis stations, storage stations, and/or transport 

mechanisms, for preparing and analyzing samples contained in sample receptacles.  For example, 

the sample receptacles may be test tubes, vials, or the like.  Most, if not all, of the stations 

typically have associated sample receptacle handling mechanisms (e.g., pick and place robots) 

and/or fluid handling mechanisms for manipulating the sample receptacles, samples, reagent  

SYSTEM AND METHOD FOR DIFFERENTIAL MEASUREMENT OF A FLUID

CROSS REFERENCE OF RELATED APPLICATION
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tube.
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vessels and reagents, such as robots and fluid-aspirating and fluid-dispensing devices. The

operation of each of the components in order to integrate and coordinate the components

involved in performing one or more assays on a plurality of samples contained in sample

receptacles.

[0005] While handling sample receptacles by automated analytical systems, it is important

that biological fluid samples within the sample receptacles are not spilled or splashed out of the

receptacles. Spilling and/or splashing of fluid samples can cause cross-contamination of

SUMMARY

contained within the sample receptacle relative to the rim of the sample receptacle; a volume of

the fluid sample contained in the sample receptacle; and/or other physical dimensions of the

rim of the sample receptacle may also be referred to as the "headspace" of the fluid sample in the

fluid and the rim of the sample receptacle. The headspace may be determined from one or more
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system may handle the sample receptacles itself, or the system may comprise a combination of

handling the sample receptacles within sample receptacle holders and also removing the sample

receptacles from their respective holders and directly handling the sample receptacles. The

[0008] As described above, it is often desirable to prevent spilling and/or splashing of a fluid

sample out of a sample receptacle during automated movement of a sample receptacle on an

automated fluid sample processing system to prevent cross-contamination of samples, and/or

true for automated analytical systems, such as diagnostic systems used to perform diagnostic

assays and/or genetic testing of patient sample, in which case cross-contamination may

potentially result in false positives in diagnosing a patient. While the system and methods

systems and methods for processing fluid samples contained in sample receptacles.

receptacle to determine if the fluid level relative to the rim of the sample receptacle is above an

measurement of a level of fluid in a sample receptacle is determined by simply measuring only

the surface of the fluid, the tolerance stack of an automated mechanical system for handling

sample receptacles, as well as the tolerance of the sample receptacle, may lead to measurement

uncertainty of +/- 3.5 mm or more. "Tolerance stack" or "stack up" is the combination of

tolerances associated with the components of an assembly. In design, the worst-case scenario is

usually considered to be the total expected tolerance of a system. In practice, due to statistical

variations, the actual tolerance is usually less than the worst-case scenario.
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[0010] This uncertainty can cause a sample receptacle to be incorrectly measured as having

personnel who must remove the receptacle and determine whether it is in fact overfilled.

[0011] In one particularly advantageous aspect of this disclosure, the disclosed systems and

methods remove the measurement uncertainty caused by the tolerance stack within an automated

mechanical system and the sample receptacle. This disclosure eliminates the mechanical

tolerance stack by performing an accurate differential measurement in which a sensor measures a

distance from a certain point (such as the location of the sensor) to both the fluid surface and to

before determining the fluid level based on the difference in the measurements.

receptacle to ensure that sample receptacles on the system have respective fluid levels within a

predetermined range, or below a predetermined level, to prevent, or at least minimize, spilling

receptacle on the system. In another aspect, the fluid level may be measured at the outset of

be configured to quarantine a sample receptacle which has a fluid level outside of the acceptable

closed bottom and a receptacle wall extending from the closed bottom to a rim defining an open
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a test tube. The sample receptacle may be any other suitable fluid receptacle having an

acceptable shape and size.

[0014] The system includes a sensor configured for periodically measuring a distance

relative to the other to enable the sensor to obtain a sequence of discrete surface distance

measurements between the sensor and the respective surfaces of the sample receptacle and the

fluid contained in the sample receptacle. For instance, one or both of the sensor and the sample

sample receptacle and the surface of the fluid, thereby permitting the sensor to obtain

measurements at different locations on the rim and top surface of the fluid during the scan. In

one aspect the linear scan can utilize continuous relative movement while the sensor obtains the

A controller is operatively coupled with the sensor. The controller is configured to

sequence of discrete surface distance measurements. The output signal may further comprise

one of the discrete surface distance measurements.

[0016] The controller processes the output signal from the sensor to determine the relative

level of the fluid contained within the sample receptacle relative to the rim of the sample

receptacle, i.e., the headspace.

[0017] In another aspect, the sensor is supported by a linear translator that moves the sensor

relative to the sample receptacle. Alternatively, the sensor may be fixedly mounted relative to

the sample receptacle, in which case the sample receptacle is moved relative to the sensor, such

5
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[0018] In another aspect, the sensor is mounted on a vertical linear translator that moves the

from the rim of the sample receptacle to account for such limitations. This vertical adjustment of

the sensor may also allow the automated system to measure the fluid level for different sample

receptacles having different heights. For instance, if the sensor is designed to be within a

maximum (and/or minimum) distance from the measurement surface, then the vertical linear

translator can adjust the vertical position of the sensor to be within the maximum (and/or

minimum) distance of the rim of the sample receptacle, and the vertical position can be adjusted

same depth in the recess of their respective sample receptacle holders.

receptacle from the rack.

[0020] In yet another aspect, the automated system may also include a detector configured to

diameter, a shape, and/or the presence or absence of a cap on the sample receptacle. The

[0021] In still another aspect, the controller may be configured to determine a volume of the
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the volume of the fluid in the sample receptacle.

[0022] In one aspect, the automated system may also comprise a respective sample

receptacle holder for supporting the sample receptacle, such that an upper portion of the sample

the receptacle holder may include a plurality of fingers extending upwardly from the puck, the

fingers being configured to support the sample receptacle in a generally vertical orientation.

[0024] In still another aspect, the automated system also includes an automated conveyor

instance, the stations may include an analyzer configured to perform an analytical procedure with

the fluid, such as a molecular assay or other suitable assay. In such case, the sensor may be

configured to obtain the sequence of discrete surface distance measurements while the sample

sensor output signal an orientation of the sample receptacle relative to the sample receptacle

sample receptacle holder. The orientation may include a tilt angle of the sample receptacle

error condition, and the system may be configured to transport the sample receptacle from the

sample receptacle holder to a quarantine area when the tilt angle is greater than a predetermined

tilt angle.

[0026] In still another aspect, the sequence of discrete surface distance measurements may

include (i) a plurality of distance measurements between the sensor and a first portion of the rim

(first rim measurements), and (ii) a plurality of distance measurements between the sensor and a

second portion of the rim (second rim measurements), and the controller may be configured to

determine the tilt angle of the sample receptacle relative to the vertical axis of the sample
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receptacle holder from a difference between the first rim measurements and the second rim

sample receptacle, including multiple distance measurements between the sensor and the rim

(referred to as "rim measurements"), and a plurality of distance measurements between the

sensor and the surface of the fluid (referred to as "fluid measurements"). Further, the controller

may be configured to utilize the multiple rim measurements and multiple fluid measurements to

determine the fluid level in the sample receptacle relative to the rim. For example, the controller

may be configured to determine an average rim distance based on the plurality of rim

[0028] In still another aspect, the controller may be configured to identify which of the

by analyzing a rate of change of the distances in the sequence of measurements. For example,

the controller may identify the edges of the rim as measurements that correspond to peaks of the

measurements. Alternatively, the controller may determine which of the measurements are rim

of change of the distances in the sequence of measurements are within a threshold window (i.e.,
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average of the rim measurements for the first portion of the rim, an average the rim

measurements for the second portion of rim, and an average of the fluid measurements. The

controller is further configured to determine the fluid level as the average of the average of the

performing an assay with the fluid, when the level of the fluid contained within the sample

receptacle relative to the rim is determined to be within the predetermined range or below the

predetermined level.

of a fluid sample contained in a sample receptacle. The sample receptacle has a closed bottom

and a receptacle wall extending from the closed bottom to a rim defining an open top of the

sample receptacle. The method may be performed on the automated system described herein, or

within the sample receptacle while moving at least one of the sensor and the sample receptacle

(i) the sensor and the one or more surfaces of the sample receptacle, including measuring a

surface of the fluid contained within the sample receptacle.

[0032] An output signal from the sensor comprising a digital representation of the sequence

of discrete surface distance measurements is processed to thereby determine a level of the fluid

contained within the sample receptacle relative to the rim of the sample receptacle (i.e., a fluid

level or headspace).

[0033] In still another aspect of the method, the sensor may be mounted on a linear translator

that moves the sensor relative to the sample receptacle for obtaining the sequence of discrete

surface distance measurements. In another aspect, the sensor may be fixedly mounted relative to
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the sample receptacle, such that the sample receptacle moves relative to the sensor during the

in a generally upright orientation, such that an upper portion of the receptacle wall terminating at

the rim is situated above the sample receptacle holder.

[0035] In another aspect, the step of inserting the sample receptacle into the sample

receptacle holder may include seating the closed bottom of the sample receptacle in a recess of

the sample receptacle holder. The sample receptacle holder may be a generally cylindrical puck,

and the recess may be formed in a base of the puck. In addition, the receptacle holder may

automated conveyor during the step of inserting the sample receptacle into the sample receptacle

suitable assay. Furthermore, the sequence of measurements may be obtained while the sample

receptacle holder is positioned on the automated conveyor.

receptacle holder, the method includes loading a receptacle rack holding the sample receptacle

hold a plurality of sample receptacles. After loading the sample rack into the input station, the
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includes (i) a plurality of distance measurements between the sensor and a first portion of the rim

(first rim measurements), and (ii) a plurality of distance measurements between the sensor and a

second portion of the rim (second rim measurements), and the method may further include the

one or more of a height, a diameter, a shape and/or the presence or absence of a cap. In another

aspect, the one or more physical characteristics are determined with a laser, an imaging device,

and/or other suitable detector.

determining a volume of the fluid contained within the sample receptacle based on the one or

more physical characteristics of the sample receptacle and the level of the fluid contained within

the sample receptacle.

sequence of discrete surface distance measurements.

quarantine area when the level of the fluid contained within the sample receptacle is determined

may also include releasing the sample receptacle for processing when the level of the fluid

contained within the sample receptacle is determined to be within a predetermined range or

below a predetermined level.

[0045] In another feature, the method includes, during the step of obtaining the sequence of

surface distance measurements, adjusting a vertical position of the sensor using a vertical

translator supporting the sensor to position the sensor within a predetermined distance or

measuring range from the rim of the sample receptacle.
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[0046] In another aspect of the method, the sequence of measurements is obtained by the

[0047] In another aspect, the method further includes, after the step of processing the output

signal, transporting the sample receptacle to an analyzer, removing an aliquot of the fluid from

the sample receptacle and transferring it to a reaction receptacle contained within the analyzer,

and performing an analytical procedure with the aliquot of the fluid. The analytical procedure

may be a molecular assay or other suitable assay. In another aspect, the sample receptacle may

be a sample tube.

sample receptacle, and/or a volume of the fluid sample.

and the description for like elements shall be applicable for all described embodiments wherever

relevant:

fluid samples contained in sample receptacles;

and a cap;

receptacle in the fluid measuring system;
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sensor of the fluid level measuring system in a position for taking distance measurements;

[0058] Fig. 8 is an illustration depicting a method for determining a fluid level relative to a

rim of a sample receptacle using the automated system of Fig. 1, in an exemplary embodiment;

embodiment.

DETAILED DESCRIPTION

[0061] Unless defined otherwise, all terms of art, notations and other scientific terms or

terminology used herein have the same meaning as is commonly understood by one of ordinary

skill in the art to which this disclosure belongs. All patents, applications, published applications

definition set forth in this disclosure is contrary to, or otherwise inconsistent with, a definition in

these references, the definition set forth in this disclosure prevails over the definitions that are

incorporated herein by reference. None of the references described or referenced herein is

embodiment," "an example embodiment," "some aspects," "a further aspect," "aspects," etc.,

characteristic, but every embodiment may not necessarily include the particular feature,

embodiment. Further, when a particular feature, structure, or characteristic is described in

connection with an embodiment, such feature, structure, or characteristic is also a description in

connection with other embodiments whether or not explicitly described. As used herein, "a" or

"an" means "at least one" or "one or more."

[0063] As used herein, the term "sample" refers to any substance suspected of containing at

least one analyte of interest. The analyte of interest may be, for example, a nucleic acid, a

protein, a prion, a chemical, or the like. The substance may be derived from any source,
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solid surface (e.g., surface in a medical facility). Substances obtained from animals may include,

native form or to any stage of processing.

[0064] As used herein, the term "receptacle" refers to any type of fluid container, including,

for example, a tube, vial, cuvette, cartridge, microtiter plate, etc., that is configured to contain a

sample or another fluid (collectively referred to herein as fluid). Non-limiting examples of

specimen transfer tube, BD Vacutainer, etc.

[0065]

as a pick-and-place device, that translates a receptacle in the X, Y, and/or Z directions.

[0066] As used herein, the term "conveyor" refers to a mechanical apparatus for transporting

articles (e.g., receptacles) from one location to another along a defined path. Non-limiting

examples of exemplary conveyors include robots, belts (such as, for example, a moving belt, a

shuttle/carriage moving on a track, rail, belt, etc.), magnetic devices, gear systems, cable

systems, vacuum systems, automated cars with wheels, etc.

[0067] As used herein, the term "assay" refers to a procedure for detecting and/or

quantifying an analyte in a sample. A sample comprising or suspected of comprising the analyte

is contacted with one or more reagents and subjected to conditions permissive for generating a

detectable signal informative of whether the analyte is present or the amount (e.g., mass or

concentration) of analyte in the sample.

[0068] As used herein, the term "analyzer" refers to an automated instrument that is capable

of performing one or more steps of an assay, including the step of determining the presence or

absence of one or more analytes suspected of being present in a fluid sample.

[0069] As used herein, the term "analyte" refers to a molecule present or suspected of being

present in a sample and which is targeted for detection in an assay. Exemplary types of analytes

include biological macromolecules such as nucleic acids, polypeptides, and prions.

[0070] As used herein, the term "molecular assay" refers to a procedure for specifically

detecting and/or quantifying a target molecule, such as a target nucleic acid. A sample

comprising or suspected of comprising the target molecule is contacted with one or more
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conditions permissive for generating a detectable signal informative of whether the target

molecule is present. For example, where the molecular assay is Polymerase Chain Reaction

(PCR), the reagents include primers specific for the target and the generation of a detectable

participates in a molecular assay, other than sample material and products of the assay.

Fig. 1 illustrates a schematic view of an automated system 100 for processing a fluid
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receptacle having a suitable shape and size. The sample tube 104 contains a fluid sample 102

receptacle holder 118. The sample receptacle holder 118 is in the form of a generally cylindrical

puck 120 having a cylindrical base 122. An exemplary puck is described in U.S. Provisional

Application No. 62/891,728 and U.S. Patent Application No. 17/003,754. The base 122 of the

puck 120 has a recess 125 which seats the closed bottom 110 of the sample receptacle 104. The

opposed rails of a conveyor track 119. The puck 120 also has a plurality of fingers 124

104 in a vertical orientation. The fingers 124 are arranged in a circular pattern to match the

cylindrical shape of the sample receptacle 104. The fingers 124 extend to a point below the rim

114 of the sample receptacle 104 such that an upper portion 126 of the sample receptacle 104,

including the rim 114, is above the fingers 124 and exposed. Top portion 128 of the fingers 124

are tapered inwardly from the top to provide a guide while inserting a sample receptacle 104

between the fingers 124 of the puck 120. The tapered top portion 128 also aids in deflecting the

fingers 124 when sample receptacles 104 are inserted into the sample receptacle holder 118. The

input station 106a has a sample receptacle handling system 130a which is configured to remove

sample receptacles 104 from a sample receptacle rack 111 supporting a plurality of sample

receptacles 104 and to transfer them into respective sample receptacle holders 118.

[0075] The automated system 100 has a computerized controller 105 which controls the

operation of each of the components in order to integrate and coordinate the components

involved in processing the fluid sample 102 contained in the sample receptacle 104, including for

example, determining a level of the fluid sample 102 in the sample receptacle 104, determining

whether to quarantine the sample receptacle 104, and/or performing one or more analytical

procedures on the fluid sample 102. The controller 105 may include a main controller 105i and

one or more sub-system controllers. For example, each station 106 may have a corresponding

sub-system controller 105 for controlling the respective station 106 and also coordinating with

the main controller 105i and other sub-system controllers 105. Thus, the input station 106a has

an input station controller 105a, the output station 106b has an output station controller 105b, the
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a sample prep station controller 105d, the first analyzer station 106e has a first analyzer station

controller 105e1, the second analyzer station 106e has a second analyzer station controller

105e2, the capping station 106g has a capping station controller 105g, the storage station has a

conveyor controller 105j may be configured to manage all the details on how to physically route

to all the station 106 as dictated by main controller 105i. The individual controllers 105 within
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[0078] The main conveyor line 184 serves as the primary line for transporting the loaded

holders 118. In alternative embodiments, the main conveyor line 184 may be linear and/or

bidirectional.

[0079] Each of the branch lines 182 can be used as a buffer queue for receiving and queueing

one or more loaded sample receptacle holders 118 to be processed at the particular station 106.

holders 118 to circulate while they await access to one or more of the stations 106. For example,

loaded sample receptacle holder 118 waiting to be processed at such station 106 may be

circulated on inner loop 184a or 184b until the queue of the branch line 182 has available space.

[0080] The conveyor controller 105j is configured for controlling the functions of the

conveyor system 108, such as transporting the loaded sample receptacle holders 118 between the

stations 106 of the automated system 100. The main controller 105i may communicate with the

conveyor controller 105j to instruct the conveyor controller 105j on the path each sample

receptacle holder 118 is to be routed. Accordingly, the conveyor controller 105j may control the

stations 106 to which the loaded sample receptacle holders 118 are transported and which

stations 106 will be bypassed by the loaded sample receptacle holders 118. The conveyor

controller 105j may communicate directly with each of the individual station controllers 105 to

manage the workflow path of each sample receptacle holder 118.

[0081] Each station 106 is configured to receive, handle, and move the sample receptacle

holder 118 and/or sample receptacle 104 within the respective station 106. For example, at least

a portion of the stations 106 may include a respective sample receptacle handling system 130 for

moving and/or manipulating the sample receptacle holders 118 and/or sample receptacles 104

within the respective stations 106. The receptacle handling system 130 may include a gripper

robot, such as a pick-and-place device, or other type of transporter(s).

[0082] Generally speaking, the input station 106a serves to receive and load sample

receptacles 104 containing fluid samples 102 onto the automated system 100. The input

station 106a is configured to be loaded with receptacle racks 111, each of which supports a
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receptacles 104 onto the conveyor system 108. The receptacle racks 111 may be configured to

hold any suitable number of sample receptacles 104, such as 50-500, 10-100, 10-50, etc., sample

receptacles 104 per rack 111. The input station 106a is described in greater detail below.

analyzer stations 106e include automated analyzers such as, e.g., the TIGRIS®, PANTHER

embodiment, each analyzer station 106e may be configured for receiving sample receptacles 104
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include one or more pipettors (not shown) that aspirate and dispense fluid sample 102 and/or

receptacles 104, for example, completed sample receptacles 104 (i.e., sample receptacles 104

containing fluid samples 102 for which the workflow has been completed), and/or sample

receptacles 104 containing fluid samples 102 that are tested in low frequency until there are a

sufficient number of such fluid samples 102 for testing. The storage station 106h is configured to

a plurality of sample receptacles 104). Some racks 111 may be filled to capacity with sample

to be stored in the storage station106h. A sample receptacle handling system 130h of the storage

station 106h is configured to transfer a sample receptacle 104 from sample receptacle holder 118

on the conveyor system 108 into a receptacle rack 111 within the storage system 106h in order to

store such sample receptacle 104. The sample receptacle handling system 130h is also

configured to transfer a stored sample receptacle 104 from a receptacle rack 111 within the

storage system 106 into a sample receptacle holder 118 in order to load such sample receptacle

104 onto the conveyor system 108 for further processing. An exemplary storage station, as well

as other features of an automated system for processing a fluid sample, are disclosed in U.S.

Provisional Application No. 63/014,624, filed on April 23, 2020. The decapping station 106c is

configured for removing caps 107 from the sample receptacles 104 (one example is shown in

Fig. 2A) prior to processing the fluid samples 102 contained therein. Examples of suitable

decapping stations are described in U.S. Patent Nos. 6,321,619 and 7,152,504. In the illustrated

embodiment, the decapping station 106c is situated along the conveyor 108 before the sample

prep station 106d and analyzer stations 106e. The decapping station 106c may be capable of

removing different types of caps from capped sample receptacles 104 and, in some

embodiments, the decapping station 106c may be capable of removing only a single type of cap

107 from the sample receptacles 104. In the latter case, multiple decapping stations 106c, each

being capable of removing a different type of cap 107 from capped sample receptacles 104, may

be provided along the conveyor system 108. In addition, the sample receptacles 104 may have

pierceable caps (not shown), and such sample receptacles 104 may bypass or pass through the
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analyzer stations 106e for processing.

[0087] The capping station 106g is configured for installing caps 107 (e.g., replacement caps

or stoppers) onto open-ended sample receptacles 104, for example, after extracting fluid samples

on the other side. The capping station 106g may be capable of installing different types of caps

may be capable of coupling only a single type of cap 107 to the open-ended sample receptacles
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any suitable number of sample receptacles 104, such as 50-500, 10-100, 10-50, etc., sample

104 is removed from a receptacle rack 111 in the input station 106a, it is inserted into a sample

receptacle holder 118 in the sample receptacle detector system 134. The sample receptacle is

characterized to determine sample receptacle characteristics for the sample receptacle 104 which

are used to generate sample receptacle data. For example, the input station 106a may determine

ID. The sample receptacle data may be transmitted to the conveyor controller 105j, which may

controller 105i determines the open test orders for the sample receptacle 104, the main controller

105i may transmit routing instructions for the sample receptacle 104 to conveyor controller 105j.

[0090] The input station controller 105a is operably coupled to the components of the input

station 106a in order to receive data signals for the components, process the data signals, and

control the operation of the input station 106a based on the data signals.

[0091] The input station sample receptacle handling system 130a of the input station 106a

includes a gripper robot 131 configured to remove the sample receptacles 104 from a receptacle

rack 111 and insert each sample receptacle 104 into a respective sample receptacle holder 118.

The gripper robot 131 may be any suitable robot for removing sample receptacles 104 from a

receptacle rack 111 and inserting them into a sample receptacle holder 118, such as a pick-and-

place robot, or the like.

[0092] As shown in Figs. 4-7, the input station 106a has a sample receptacle detector system

134 configured to determine one or more physical characteristics of the sample receptacle 104.

The sample receptacle detector system 134 includes one or more suitable detectors 136, which

preferably include at least one high-resolution detector capable of submillimeter resolution. The

at least one high-resolution detector 136 may be a wide laser measurement sensor (e.g., the ZX-

GT Smart Sensor from OMRON® Corp.), a 2D laser profiler, an imaging device (e.g., a CCD

sensor based camera or CMOS sensor camera), or a single point distance measurement sensor

(e.g., the Confocal Displacement Sensor CL-3000 Series from KEYENCE)If the detector

system 134 includes a high-resolution detector 136, then the high-resolution detector may be in

22

20
26

20
16

10
   

   
03

 M
ar

 2
02

6

0
3
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
6
1
0

2
2



high resolution detector 136 may be used to detect a shape of the sample receptacle 104 or to

determine the dimensions of the sample receptacle 104.

[0093] The sample receptacle detector system 134 may be positioned and configured to

detection zone of the detector(s) 136, and the detector(s) 136 are activated to detect one or more

holder 118 is moved into the detection zone of the detector(s) 136, and the detector(s) 136 are
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sample receptacle 104 is the small test tube. If light sensors 140a, 140b are interrupted by the

the sample receptacle 104, then the sample receptacle detector system 134 determines that the

sample receptacle 104 is the large test tube. The array of light sensors 140 can be configured to

determine a size (i.e., volume capacity) of any desired number "n" of different size sample

receptacles 104 by utilizing n-1 light sensors 140, where each size sample receptacle has a

[0095] When a wide laser measurement sensor is employed as the detector(s) 136, the

in the input station 106a, laterally moves the sample receptacle 104 to a position above the

sample receptacle detector system 134, and then vertically lowers the sample receptacle 104 into

the detection zone of the wide laser measurement sensor. While in the detection zone, the wide

laser measurement sensor may detect the shape and/or determine the dimensions of the sample

receptacle 104. The process is similar for an imaging device, except that the sample receptacle

104 is positioned within the field of view of the imaging device (e.g., camera), and the imaging

device obtains an image of the sample receptacle 104. The sample receptacle detector system

134 analyzes the image and may determine the shape and/or dimensions of the sample receptacle

104. The sample receptacle detector system 134 can use information about the shape and/or

dimensions of the sample receptacle 104 to determine the type of the sample receptacle 104 (e.g.,

50 mL, 75 mL, or 100 mL tube), which is an indication of its volume capacity. The sample

receptacle detector system 134 can also be used to determine other characteristics of a sample

receptacle 104 filled with fluid sample 102, as described herein.

[0096] With single point distance measurement sensor, the sensor is scanned across the

sample receptacle 104 to measure its diameter and/or any other features.

[0097] The sample receptacle detector system 134 may include one or more cap detectors

135 (the cap detectors 135 being positioned to detect caps 107 associated with sample

receptacles 104 of different sizes) to determine the presence or absence of a cap by determining

whether a sample tube 104 has a cap 107 secured to the open top 116 thereof. The cap detectors

135 may be reflective fiber optical sensors or other suitable sensor. The sample receptacle
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status of the sample tube 104 to the controller 105.

[0098] The sample receptacle detector system 134 may also include a reader 137 configured

to read machine-readable indicia 139 (see Fig. 2B), such as a barcode, machine-readable text,

sensor, such as the Series 9 ultrasonic sensors available from Baumer Electric AG,

distance sensor 146, which may have a beam columnator 147, is oriented vertically downward
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of the distances to the rim 114 and the fluid surface 103, such as in less than 10 seconds, less

receptacle 104 is moved laterally relative to the distance sensor 146. At each specific location,

several distance measurements are taken and averaged. This process may be performed by

scanning all or any portion of the sample receptacle 104 and the fluid surface 103 (e.g., obtaining

a half profile) that is sufficient to calculate the headspace 117.

coupled to the distance sensor 146. The sensor interface 148 may be a digital or analog interface

controller 105a. The distance sensor 146 and/or sensor interface 148 provide an output signal

representative of the distance measurements which is received by the input station controller

105a and/or the main controller 105i. The output signal may be a digital representation or an

analog representation.

[00102] In the embodiment of Figs. 1, 4 and 5, the input station controller 105a is configured

to controllably move the distance sensor 146 while the sample receptacle 104 (and/or

corresponding sample receptacle holder 118) is stationary. In this embodiment, the distance

sensor 146 is supported by a horizontal linear translator 150. The horizontal linear translator 150

may be a linear stage which controllably moves the distance sensor 146 relative to a stationary

sample receptacle 104 and provides a horizontal stage position signal representing a horizontal

position of the stage 150. Accordingly, the horizontal position of the distance sensor 146 may be

determined from the horizontal stage position signal. The horizontal linear translator 150 is

operably coupled to the input station controller 105a which controllably actuates the horizontal

linear translator 150 and receives the horizontal stage position signal. The input station

controller 105a is configured to process the horizontal stage position signal to determine a

horizontal position of the distance sensor 146.

[00103] In order to precisely position and orient the sample receptacle 104 for performing a

measurement scan of the sample receptacle 104 and fluid sample 102, the fluid level measuring

system 144 may also include a receptacle clamp 152 configured to grasp the sample receptacle

104 and center the sample receptacle 104 in a measurement position. The receptacle clamp 152
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and horizontal linear translator 150. This ensures that the distance sensor 146 consistently

measures the sample receptacles 104 along the center of the sample receptacles 104. For

example, for sample tubes 104, as shown in Figs. 2A-2B, the distance sensor 146 scans along a

holder 118 should the receptacle clamp 152 improperly grasp (or not grasp) the sample

distance sensor 146 to (i) determine a level of fluid sample 102 relative to the rim 114 and/or (ii)

27

20
26

20
16

10
   

   
03

 M
ar

 2
02

6

0
3
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
1
6
1
0

2
7



about 3 mm to about 150 mm. The vertical linear translator 156 may also be a linear stage which

stage position signal. The vertical linear translator 156 is operably coupled to the controller 105a

which controllably actuates the vertical linear translator 156.

[00106] Hence, the vertical linear translator 156 allows the automated system 100 to

accommodate different sized sample receptacles 104 by adjusting the vertical position of the

As described herein, the sample receptacle detector system 134 can determine the type, size

and/or shape of the sample receptacle 104. Once the system 100 determines the characteristics

of the sample receptacle 104 being measured, the vertical linear translator 156 may be operated

to adjust the vertical position of the distance sensor 146 to a predetermined position which

vertically positions the distance sensor 146 within the distance sensor's measurement range of

the rim 114 of the sample receptacle 104, as well as the expected surface 103 of the fluid sample

102. In the above example regarding sample tubes 104 having heights of 100 mm and 75 mm,

for example, the vertical linear translator is adjusted to position the distance sensor 146 lower for

the 75 mm sample tube than for the 100 mm sample tube, since the bottom 110 of the sample

receptacles 104 are seated at the same position (i.e., height relative to the conveyor track 119) in

the recess 124 of their respective sample receptacle holders 118.

[00107] Alternatively, the distance sensor 146 may be mounted in a fixed horizontal position

relative to the sample receptacle 104 and the sample receptacle 104 is moved relative to the

distance sensor 146 in order to obtain the sequence of distance measurements. For instance, the

sample receptacle 104 may be positioned on the conveyor system 108 and the conveyor

system 108 moves the sample conveyor relative to the fixed distance sensor 146 while the

distance sensor 146 obtains the sequence of distance measurements.

[00108] The sample receptacle detector system 134 is in communication with the input station

controller 105a and sends output signals representative of the physical characteristics of the

sample receptacle 104 to the input station controller 105a.

[00109] The input station controller 105a is configured to receive and process the output

signals representative of the distance measurements from the fluid level measuring system 144
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the illustrated embodiment the input station controller 105a receives and processes the output

signal of the fluid level measuring system 144, another controller 105, such as the main

controller 105i, etc., may be configured to do SO. The input station controller 105a has a fluid

referred to herein is measured by the distance sensor 146, which provides an output signal

determine the fluid level relative to the rim 114 by a difference of a distance measurement to the
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measurements 162 depicted at the left side of the profile 160. As the distance sensor 146 moves

measurements 166. Continuing to the right, the distance sensor 146 takes a plurality of second

rim measurements 168 for the second side of the rim 114 opposite the first side of the rim 114.

level 117 (also referred to as relative fluid level 117 or "headspace 117") by determining an

average of the first and second rim measurements 164, 168 and an average of the fluid

117 as the fluid measurements average minus the rim measurements average.

[00113] It may be noted in FIG. 8 that the first rim measurements 164 actually begin to the

left of the first side of the rim 114 and end to the right of the first side of the rim 114. Similarly,

the second rim measurements 168 actually begin to the left of the second side of the rim 114 and

end to the right of the second side of the rim 114. The fluid measurements 166 begin to the right

of the far left edge of the fluid surface 103 and end to the left of the far right edge of the fluid

surface 103. The reason that some of the data points of measurements 164, 168, 166 do not

exactly coincide along the horizontal axis with the horizontal axis positions of the respective

surfaces 114 and 103 is that the ultrasonic sensor emits sound waves that propagate from the

sensor emitter in a conical form with an increasing diameter. Any surface entering the cone of

sound waves will be interpreted by the sensor as an object and will be detected for a

measurement. Accordingly, as shown in FIG. 8, as the sensor approaches the first and second

sides of the rim 114 from the left, the rim will be detected by the sensor --- and generate first rim

measurements 164 and second rim measurements 168, respectively --- before the horizontal axis

position of the sensor actually coincides with the first or second side rim 114. As the sensor

moves past the first and second sides of the rim 114 to the right, the rim will be detected by the

sensor - and continue to generate first rim measurements 164 and second rim measurements 168,

respectively --- after the horizontal axis position of the sensor actually coincides with the first or

second side rim 114.

[00114] The fluid level software application 158 may also be configured to identify whether

the measurements in the sequence of discrete measurements are rim measurements or fluid
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software application 158. In this method, the fluid level software application 158 determines a

rate of change 170 of the measurements in the sequence of discrete measurements (the derivative

of the profile 160). The application 158 then identifies the peaks 172 of the rate of change 170.

side of the rim 114, the measurements between the second peak 172b and the third peak 172c

rim 114. As described above, the relative fluid level 117 is the difference of the average of the
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peak 172d, which are also between the thresholds 174 and 176, correspond to the second rim

[00117] The fluid level software application 158 may also be configured to determine a tilt

angle of the center axis 157 of the sample receptacle 104 relative to the vertical axis of the

application 158 determines the difference between the height of the first side of the rim 114 and

the height of the second side of the rim 114. In other words, the software application 158

side of the rim 114 and (b) the distance between the distance sensor 146 and the second side of

the rim 114. The software application 158 may determine this difference based on averages of

the first rim measurements 164 and the averages of the second rim measurements 168 or other

suitable methodology. The software application 158 may also determine which measurements

are first rim measurements 164 and which measurements are second rim measurements 168

using the methods described above. The tilt angle of the center axis 157 of the sample receptacle

104 can be calculated based on the difference between the heights of the first side of the rim 114

and the second side of the rim 114 and the distance between the two heights (e.g. the diameter of

the rim 114). Thus, as one example, the tilt angle of the center axis 157 from vertical may be

calculated as the arc cos [(difference in height of first side of rim and second side of

rim)/(diameter of rim)].

[00118] The input station controller 105a is further configured to determine if the relative

fluid level 117 for a sample receptacle 104 is outside of a predetermined range or above a

predetermined set level. The term "above" in this context means that the level of the fluid is

higher than predetermined, programmed, or otherwise set level. Furthermore, the input station

controller 105a, input station 106a, and/or automated system 100 may be configured to

quarantine a sample receptacle 104 if the relative fluid level 117 for the sample receptacle 104 is

determined to be outside of the a predetermined or above a predetermined level. For example, as

shown in Fig. 4, the input station 106a has a quarantine area 190 in which the gripper robot 131

of the input station 106a places sample receptacles 104 needing to be quarantined. For instance,

in order to reduce the risk of spilling or splashing of fluid sample 102 from a sample receptacle
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predetermined maximum level for the relative fluid level 117 may be set (i.e., a minimum

headspace). If the input station controller 105a determines that the relative fluid level 117 for a

sample receptacle 104 is above the maximum level, then the gripper robot 131 retrieves the

station 106a. Similarly, a predetermined minimum level for the relative fluid level 117 may be

stations 106e). If the input station controller 105a determines that the relative fluid level 117 for
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[00122] Embodiments

sample receptacle, the sample receptacle having a closed bottom and a receptacle wall extending

from the closed bottom to a rim defining an open top of the sample receptacle, the system

more surfaces of the sample receptacle and (ii) a surface of a fluid contained within the sample

receptacle, respectively, including measuring a distance between the sensor and the rim of the

moveable relative to the other to enable the sensor to obtain a sequence of discrete surface

distance measurements of distances between the sensor and (i) the one or more surfaces of the

sample receptacle and (ii) the surface of the fluid contained within the sample receptacle; and a

controller operatively coupled to the sensor and configured to receive and process an output

signal from the sensor comprising a digital representation of the sequence of discrete surface

distance measurements to thereby determine a level of the fluid contained within the sample

receptacle relative to the rim of the sample receptacle.

[00125] Embodiment 2. The system of Embodiment 1, wherein the output signal further

comprises sensor positions relative to the sample receptacle, wherein each sensor position is

associated with one of the discrete surface distance measurements.

[00126] Embodiment 3. The system of Embodiment 1 or 2, wherein the sensor is supported by

a linear translator that moves the sensor relative to the sample receptacle.

[00127] Embodiment 4. The system of Embodiment 1 or 2, wherein the sensor is fixedly

mounted relative to the sample receptacle.

[00128] Embodiment 5. The system of Embodiment 1, wherein one or both of the sensor and

the sample receptacle are controllably movable to perform a linear scan across the rim of the

sample receptacle and the surface of the fluid, thereby permitting the sensor to obtain

measurements at different locations on the rim and top surface of the fluid during the scan.

[00129] Embodiment 6. The system of Embodiment 5, wherein the linear scan utilizes

continuous relative movement while the sensor obtains the measurements.
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[00130] Embodiment 7. The system of Embodiment 5, wherein the linear scan utilizes

intermittent relative movement, in which the movement is stopped intermittently for the sensor to

obtain measurements.

[00131] Embodiment 8. The system of any one of Embodiments 1-7, wherein: the sensor is

gripper robot configured to remove the sample receptacle from the rack.

sample receptacle.

an ultrasound sensor.

is configured to determine which measurements in the sequence of discrete surface distance
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correspond to each of the first portion of the rim, the top surface of the fluid, and the second

portion of the rim opposite the first portion of the rim using an edge finding technique, wherein

sequence of discrete surface distance measurements, identifying the edges of the rim as

measurements that correspond to peaks of the rate of change, and identifying the measurements

measurements where the rate of change of the distances in the sequence of discrete surface

distance measurements are within a threshold window.

[00141] Embodiment 18. The system of any one of Embodiments 1-17, further comprising a

sample receptacle holder for supporting the sample receptacle, such that an upper portion of the

receptacle wall terminating at the rim is situated above the sample receptacle holder;

[00142] Embodiment 19. The system of Embodiment 18, wherein the sample receptacle

holder comprises a recess configured to seat the closed bottom of the sample receptacle.

[00143] Embodiment 20. The system of Embodiment 19, wherein the sample receptacle

holder is a generally cylindrical puck, and wherein the recess is formed in a base of the puck.

[00144] Embodiment 21. The system of Embodiment 20, wherein the receptacle holder

configured to support the sample receptacle in a generally vertical orientation.

[00145] Embodiment 22. The system of any one of Embodiments 18-21, further comprising

an automated conveyor configured to transport the sample receptacle holder between respective

stations of the system.

[00146] Embodiment 23. The system of Embodiment 22, wherein at least one of the stations is

an analyzer configured to perform an analytical procedure with the fluid.

[00147] Embodiment 24. The system of Embodiment 23, wherein the analytical procedure is a

molecular assay.
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[00148] Embodiment 25. The system of any one of Embodiments 22-24, wherein the sensor is

configured to obtain the sequence of discrete surface distance measurements while the sample

receptacle holder is supported by the conveyor.

[00149] Embodiment 26. The system of any one of Embodiments 18-25, wherein the

[00150] Embodiment 27. The system of Embodiment 26, wherein the orientation comprises a

surface distance measurements includes (i) a plurality of distance measurements between the

fluid surface measurements by analyzing a rate of change of the measurements in the sequence

rim.

subsequent processing on the system, including performing an assay with the fluid, when the
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[00157] Embodiment 34. A method for detecting a level of a fluid contained in a sample

receptacle, the sample receptacle having a closed bottom and a receptacle wall extending from

(a) periodically measuring a distance between a sensor and (i) one or more surfaces of the sample

receptacle supported by the sample receptacle holder and (ii) a surface of the fluid contained

and the rim of the sample receptacle, while moving at least one of the sensor and the sample

receptacle holder relative to the other to thereby obtain a sequence of discrete surface distance

measurements of distances between (i) the sensor and the one or more surfaces of the sample

receptacle and (ii) the sensor and the surface of the fluid contained within the sample receptacle;

and (b) processing an output signal from the sensor comprising a digital representation of the

sequence of discrete surface distance measurements to thereby determine a level of the fluid

contained within the sample receptacle relative to the rim of the sample receptacle.

[00158] Embodiment 35. The method of Embodiment 34, wherein the sensor is mounted on a

linear translator that moves the sensor relative to the sample receptacle for obtaining the

sequence of discrete surface distance measurements.

mounted relative to the sample receptacle, and wherein the sample receptacle moves relative to

[00160] Embodiment 37. The method of any one of Embodiments 34-36, further comprising:

(c) prior to step (a), inserting the sample receptacle into a sample receptacle holder, the

sample receptacle holder being configured to support the sample receptacle in a generally upright

orientation, such that an upper portion of the receptacle wall terminating at the rim is situated

above the sample receptacle holder.

[00161] Embodiment 38. The method of Embodiment 37, wherein step (c) comprises seating
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[00162] Embodiment 39. The method of Embodiment 37, wherein the sample receptacle

holder is a generally cylindrical puck, and wherein the recess is formed in a base of the puck.

[00163] Embodiment 40. The method of Embodiment 39, wherein the receptacle holder

further comprises a plurality of fingers extending upwardly from the puck, the fingers being

receptacle holder is positioned on an automated conveyor during step (a), the conveyor being

[00165] Embodiment 42. The method of Embodiment 41, wherein at least one of the stations

at the input station.

is an ultrasound sensor.

physical characteristics are determined with at least one of a laser and an imaging device.
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[00175] Embodiment 52. The method of any one of Embodiments 34-51, further comprising

reading machine-readable indicia on the sample receptacle while the sample receptacle is at a

[00176] Embodiment 53. The method of any one of Embodiments 34-52, further comprising

transporting the sample receptacle to a quarantine area when the level of the fluid contained

predetermined level.

[00177] Embodiment 54. The method of any one of Embodiments 34-52, further comprising

releasing the sample receptacle for processing when the level of the fluid contained within the

sample receptacle is determined to be within a predetermined range or below a predetermined

level.

[00178] Embodiment 55. The method of any one of Embodiments 34-54, further comprising,

during step (a), adjusting a vertical position of the sensor using a vertical translator supporting

the sensor to position the sensor within a predetermined measuring range of the rim of the

sample receptacle.

[00179] Embodiment 56. The method of any one of Embodiments 34-55, wherein the

measurements per second.

sequence of discrete surface distance measurements includes (i) a plurality of distance

measurements between the sensor and the one or more surfaces of the sample receptacle,

including multiple distance measurements between the sensor and the rim (rim measurements),

and (ii) a plurality of distance measurements between the sensor and the surface of the fluid

(fluid measurements).

[00181] Embodiment 58. The method of Embodiment 57, wherein step (b) comprises

on an average of the rim measurements and an average of the fluid measurements.
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[00182] Embodiment 59. The method of any one of Embodiments 34-58, further comprising

processing the output signal to determine which measurements in the sequence of discrete

surface distance measurements correspond to each of a first portion of the rim, a top surface of

the fluid, and a second portion of the rim opposite the first portion of the rim by: (a) analyzing a

and identifying the measurements between the peaks as either rim measurements or fluid

[00183] Embodiment 60. The method of any one of Embodiments 37-46, further comprising

rim measurements and the second rim measurements.

transporting the sample receptacle from the sample receptacle holder to a quarantine area when

a molecular assay.
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variations of the many aspects of the disclosure have been disclosed and described herein, such

disclosure is provided for purposes of explanation and illustration only. Thus, various changes

not all of the components described in the embodiments are necessary, and the disclosure may

include any suitable combinations of the described components, and the general shapes and

are intended to exemplify alternatives, modifications, and equivalents that may fall within the

scope of the claims. The disclosure, therefore, should not be limited, except to the following

claims and their equivalents.
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43 
 

CLAIMS: 

1. An automated system for detecting a level of a fluid contained in a sample 

receptacle, the sample receptacle having a closed bottom and a receptacle wall extending from the 

closed bottom to a rim defining an open top of the sample receptacle, the system comprising:  

 a sensor for periodically measuring a distance between the sensor and (i) one or more 

surfaces of the sample receptacle and (ii) a surface of a fluid contained within the sample 

receptacle, respectively, including measuring a distance between the sensor and the rim of the 

sample receptacle, wherein at least one of the sensor and sample receptacle is controllably 

moveable relative to the other to enable the sensor to obtain a sequence of discrete surface distance 

measurements of distances between the sensor and (i) the one or more surfaces of the sample 

receptacle and (ii) the surface of the fluid contained within the sample receptacle;  

 a sample receptacle holder for supporting the sample receptacle, such that an upper 

portion of the receptacle wall terminating at the rim is situated above the sample receptacle holder; 

and  

 a controller operatively coupled to the sensor and configured to receive and process an 

output signal from the sensor comprising a digital representation of the sequence of discrete 

surface distance measurements to thereby determine a level of the fluid contained within the 

sample receptacle relative to the rim of the sample receptacle, wherein the controller is 

programmed to determine from the output signal an orientation of the sample receptacle relative 

to the sample receptacle holder, and wherein the orientation comprises a tilt angle of the sample 

receptacle relative to a vertical axis of the sample receptacle holder. 

2. The system of claim 1, wherein the output signal further comprises sensor positions 

relative to the sample receptacle, and wherein each of the sensor positions is associated with one 

of the discrete surface distance measurements. 

3. The system of claim 1 or 2, wherein the sensor is supported by a linear translator 

that moves the sensor relative to the sample receptacle. 

 4. The system of claim 1 or 2, wherein the sensor is fixedly mounted relative to the 

sample receptacle. 

 5. The system of claim 1 or 2, wherein one or both of the sensor and the sample 

receptacle are controllably movable to perform a linear scan across the rim of the sample receptacle 

CLAIMS:

and

of the discrete surface distance measurements.
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44 
 

and the surface of the fluid, thereby permitting the sensor to obtain measurements at different 

locations on the rim and top surface of the fluid during the scan. 

 6. The system of claim 5, wherein the linear scan utilizes continuous relative 

movement while the sensor obtains the measurements. 

 7. The system of claim 5, wherein the linear scan utilizes intermittent relative 

movement, in which the movement is stopped intermittently for the sensor to obtain measurements. 

 8. The system of any one of claims 1 to 7, wherein:  

 the sensor is disposed at an input station for loading the sample receptacle onto the 

system; and  

 the input station comprises a receptacle rack configured to hold a plurality of sample 

receptacles and a gripper robot configured to remove the sample receptacle from the rack. 

 9. The system of claim 8, wherein the input station further comprises a detector system 

configured to determine one or more physical characteristics of the sample receptacle, and wherein 

the controller is further programmed to determine a volume of the fluid contained within the 

sample receptacle based on at least one of the one or more physical characteristics of the sample 

receptacle and the level of the fluid contained within the sample receptacle. 

 10. The system of any one of claims 1 to 9, wherein the sensor is an ultrasound sensor. 

 11. The system of any one of claims 1 to 10, wherein the sequence of discrete surface 

distance measurements includes (i) a plurality of distance measurements between the sensor and 

the one or more surfaces of the sample receptacle, including multiple distance measurements 

between the sensor and the rim (rim measurements), and (ii) a plurality of distance measurements 

between the sensor and the surface of the fluid (fluid measurements). 

 12. The system of claim 11, wherein the controller is configured to determine the level 

of the fluid contained within the sample receptacle relative to the rim based on an average of the 

rim measurements and an average of the fluid measurements. 

 13. The system of any one of claims 1 to 12, wherein the controller is configured to 

determine which measurements in the sequence of discrete surface distance measurements 

correspond to each of a first portion of the rim, the top surface of the fluid, and a second portion 

of the rim opposite the first portion of the rim. 

 14. The system of any one of claims 1 to 13, further comprising an automated conveyor 

configured to transport the sample receptacle holder between respective stations of the system, 

movement while the sensor obtains the measurements.
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45 
 

wherein the sample receptacle holder is a generally cylindrical puck configured to seat the closed 

bottom of the sample receptacle, and wherein the sensor is configured to obtain the sequence of 

discrete surface distance measurements while the sample receptacle holder is supported by the 

conveyor.  

 15. The system of any one of claims 1 to 14, wherein the orientation comprises a tilt 

angle of the sample receptacle relative to the vertical axis of the sample receptacle holder. 

 16. The system of claim 15, wherein the sequence of discrete surface distance 

measurements includes (i) a plurality of distance measurements between the sensor and a first 

portion of the rim (first rim measurements), and (ii) a plurality of distance measurements between 

the sensor and a second portion of the rim (second rim measurements), and wherein the controller 

is further programmed to determine the tilt angle of the sample receptacle relative to the vertical 

axis of the sample receptacle holder from a difference between the first rim measurements and the 

second rim measurements. 

 17. The system of claim 15 or 16, wherein the system is configured to transport the 

sample receptacle from the sample receptacle holder to a quarantine area when the tilt angle is 

greater than a predetermined tilt angle. 

 18. The system of any one of claims 1 to 17, wherein the system is configured to (i) 

transport the sample receptacle to a quarantine area when the level of the fluid contained within 

the sample receptacle relative to the rim is determined to be outside of a predetermined range or 

above a predetermined level, and (ii) release the sample receptacle for subsequent processing on 

the system, including performing an assay with the fluid, when the level of the fluid contained 

within the sample receptacle relative to the rim is determined to be within the predetermined range 

or below the predetermined level. 

 

second rim measurements.
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