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(57) Abstract: Barcode tag conditions on sample
tubes are detected utilizing side view images of
sample tubes for streamlining handling in clinical
laboratory automation systems. The condition of
the tags may be classitied into classes, each divided
into a list of additional subcategories that cover in-
dividual characteristics of the tag quality. Accord-
ing to an embodiment, a tube characterization sta-
tion (TCS) is utilized to obtain the side view im-
ages. The TCS enables the simultaneous or near-
simultaneous collection of three images for each
tube, resulting in a 360 degree side view for each
tube. The method is based on a supervised scene
understanding concept, resulting in an explanation
of each pixel into its semantic meaning. Two paral-
lel low-level cues for condition recognition, in
combination with a tube model extraction cue, may
be utilized. The semantic scene information is then
integrated into a mid-level representation for final
decision making into one of the condition classes.
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BARCODE TAG DETECTION IN SIDE VIEW SAMPLE TUBE IMAGES FOR

LABORATORY AUTOMATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[1] This application claims priority to U.S. Provisional Application Serial
Number 62/117,270 entitled “BARCODE TAG DETECTION IN SIDE VIEW SAMPLE TUBE
IMAGES FOR LABORATORY AUTOMATION,” filed on February 17, 2015.
[2] This application relates to several of the concepts described in US Patent
Application Publication No. US 2016/0025757, and in International Publication No.

WO 2015/191702.

TECHNOLOGY FIELD
[3] The present invention relates generally to detection of conditions of barcode
tags, and, more particularly, to utilizing side view sample tube images to classify conditions of

barcode tags on sample tubes.

BACKGROUND

[4] Barcode tags are frequently used on sample tubes in clinical laboratory
automation systems to uniquely identify and track the sample tubes, and are often the only means
that associate a patient with a sample inside a particular sample tube. Through normal, everyday
use, the condition of the barcode tags may deteriorate, including tearing, peeling, discoloring,
and other deformations. Such deterioration hinders lab automation systems from streamlining
the sample tube processing.

[5] Thus, there is a need for detecting barcode tag conditions on sample tubes to
strecamline sample tube handling in advanced clinical laboratory automation systems. There is

also a need for such classification to be automatic, efficient, and unobtrusive.

-
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SUMMARY

[6] Embodiments are directed to detecting barcode tag conditions on sample tubes
from side view images to streamline sample tube handling in advanced clinical laboratory
automation systems.

[6a] According to one aspect of the present invention, there is provided a method
of detecting barcode tag conditions on sample tubes, the method comprising: acquiring, by an
tmage capture system comprised of a plurality of cameras, at lcast three side view images of a
sample tube containing a barcode tag, wherein the side view images are acquired simultaneously
by three cameras acquiring a 360 degree view of the sample tube; analyzing, by one or more
processors in communication with the image capture system, the side view images, the analyzing
comprising: applying a plurality of low-level cues to the side view images of the sample tube to
obtain a semantic segmentation using a binary classifier trained to identify good and bad regions
defining barcode tag quality regions, and a semantic segmentation using a multi-class classifier
trained to identify barcode, tag, and background regions, wherein the semantic segmentation
focuses on the explanation of each pixel in an image domain with respect to predefined semantic
object labels at pixel level using the multi-class classifier and follows a training and evaluation
phase requiring labeled input data and using complementary feature descriptors; extracting
spatial information of the sample tube, using a tube model segmented in the images enabling the
portioning of the tube and neighboring regions into smaller patches, wherein the tube model is
derived by using a calibrated 2d setup and external tube detection information or is extracted
from the images individually; aggregating the classifier responses using the patches as well as
imager features extracting with support of the tube segmentation to form a mid-level
representation; and identifying a final class of the barcode tag indicative of a physical condition

of the barcode tag impacting readability of the barcode tag based upon the mid-level
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representation including a descriptor for the at least three side view images; and rectifying the
barcode tag if the barcode tag is identified into a class indicative of a problematic physical
condition of the barcode tag impacting readability of the barcode tag.

[6b] According to another aspect of the present invention, there is provided a
vision system for use in an in vitro diagnostics environment for detecting barcode tag conditions
on sample tubes, the vision system comprising: a plurality of cameras configured to capture at
least three side view images of a sample tube containing a barcode tag, wherein the side view
tmages arc acquired simultancously by three cameras acquiring a 360 degree view of the sample
tube; and a processor in communication with the cameras, the processor configured to perform
the following steps: applying a plurality of low-level cues to the side view images of the sample
tube to obtain a semantic segmentation using binary classifier trained to identify good and bad
regions defining barcode tag quality regions, and a semantic segmentation using a multi-class
classifier trained to identify barcode, tag, and background regions, wherein the semantic
segmentation focuses on the explanation of each pixel in an image domain with respect to
predefined semantic object labels at pixel level using the multi-class classifier and follows a
training and evaluation phase requiring labeled input data and using complementary feature
descriptors; extracting spatial information of the sample tube, using a tube model segmented in
the images enabling the portioning of the tube and neighboring regions into smaller patches,
wherein the tube model is derived by using a calibrated 2d setup and external tube detection
mformation or is extracted from the images individually; aggregating the classifier responses
using the patches as well as imager features extracting with support of the tube segmentation to
form a mid-level representation; identifying a final class of the barcode tag indicative of a
physical condition of the barcode tag impacting readability of the barcode tag based upon the

mid-level representation including a descriptor for the at least three side view tmages; and

-2a-
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rectifying the barcode tag if the barcode tag is identified into a class indicative of a problematic

physical condition of the barcode tag impacting readability of the barcode.

BRIEF DESCRIPTION OF THE DRAWINGS

[7] The foregoing and other aspects of the present invention are best understood
from the following detailed description when read in connection with the accompanying
drawings. For the purpose of illustrating the invention, there is shown in the drawings
embodiments that are presently preferred, it being understood, however, that the invention is not
limited to the specific instrumentalities disclosed. Included in the drawings are the following
Figures:

[8] FIG. 1 is a representation of an exemplary tube characterization station to
which sample tubes are transferred for detecting barcode tag conditions on the sample tubes from
side view images, according to an embodiment;

[9] FIG. 2 is a depiction of exemplary sample tubes with barcode tags, according
to embodiments;

[10] FIG. 3 illustrates a workflow utilizing several parallel low-level cues, which
arc combined into a mid-level representation, for the barcode tag detection according to
embodiments;

[11] FIG. 4 is a representation of conditions of barcode tags, according to an

embodiment;

-2b-
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[12] FIG. 5 illustrates use of a low level cue for a detection of barcode tag
conditions, according to an embodiment; and

[13] FIG. 6 illustrates use of an additional low level cue for a detection of
barcode tag conditions, according to an embodiment.

DETAILED DESCRIPTION

[14] Embodiments are directed to classifying barcode tag conditions on sample
tubes from side view images to streamline sample tube handling in advanced clinical
laboratory automation systems. The classification of barcode tag conditions, according to
embodiments provided herein, advantageously leads to the automatic detection of
problematic barcode tags, allowing for the system, or a user, to take necessary steps to fix the
problematic barcode tags. For example, the identified sample tubes with problematic barcode
tags may be dispatched to a separate workflow apart from the normal tube handling
procedures to rectify the problematic barcode tags.

[15] A method according to embodiments provided herein enables barcode tag
detection in tube images to derive an automated decision about the lag condition. The
conditions of the barcode tag may be classified into the classes OK, WARNING, and ERROR.
Each of the three classes are divided, according to an embodiment, into a list of additional
subcategories, enabling a refined decision about the quality of the barcode tag. These
subcategories cover individual characteristics of the tag quality, such as perfect, peeled,
damaged, folded, skewed, deformed, or colored, for example. Additional or alternate classes
and subcategories may be used.

[16] According to an embodiment, a tube characterization station (TCS) is
utilized to obtain the side view images for the classification of barcode tag conditions on
sample tubes. The TCS enables the simultaneous collection of three images for each tube,

resulting in a 360 degree side view for each tube. The proposed method 1s based on a
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supervised scene understanding concept, resulting in an explanation of each pixel into its
semantic meaning. According to an embodiment, two parallel low-level cues for condition
recognition, in combination with a tube model extraction cue, are utilized. The semantic
scene information is then integrated into a mid-level representation for final decision making
into one of the three condition classes.

[17] Semantic segmentation focuses on the explanation of each pixel in the
image domain with respect to defined semantic object labels. Due to pixel level
segmentation, the object boundaries can be captured accurately. Evaluations on benchmark
datasets show that supervised concepts perform best in terms of reliability and classification
accuracies. Typically these approaches are based on training and testing phases, taking into
account sophisticated and combined features descriptors derived at various levels and
hierarchies.

[18] A triplet of images is acquired by using a TCS. The condition of the
barcode tag can vary in location, orientation, quality of attachment, and bar code readability.
The detection of barcode tag condition requires a mid-level representation which accurately
captures spatial and appearance features with respect to the tube model. This mid-level
representation captures multi-view information (e.g., 360 degree view from a triplet of
images) from various parallel low-level cues which are trained and evaluated individually on
relevant image structures.

[19] FIG. 1 is arepresentation of an exemplary tube characterization station to
which sample tubes are transferred for classifying barcode tag conditions on the sample tubes
from side view images, according to an embodiment. The sample tubes may be transferred to
the TCS from, for example, a drawer system in which tube trays and sample tubes contained

thereon are stored. In an embodiment, one or more drawers are provided in a work envelope
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for a sample handler in an in vitro diagnostics (IVD) environment. The sample tubes may be
transferred to the TCS via an arm movable between the drawer system and the TCS.

[20] The TCS includes three cameras, each configured to capture an image of a
particular sample tube to together capture a full 360 degree view.

[21] FIG. 2 is a depiction of exemplary sample tubes with barcode tags. As
shown, the tube model type and barcode tag condition can vary drastically between sample
tubes.

[22] Input Data: The input data for the system is comprised of three images
showing a full 360 degree view of a tube.

[23] Overview: The proposed method takes as input a triplet of tube images and
outputs a label for the condition of the barcode tag (OK, WARNING, ERROR). FIG. 3
shows the proposed workflow: several parallel low-level cues are utilized, which are
combined into a mid-level representation. This representation captures the multi-view
information and is used for final decision making about the barcode tag condition. Low-level
cues include separate semantic segmentations into barcode/tag and background regions, and
good vs. bad regions, respectively. An additional low-level cue supports the extraction of the
tube model and provides important spatial information for generating the mid-level
representation. The proposed method is not limited to these specific cues and may be
extended to additional or alternate cues. The proposed concept is based on the training and
evaluation phase, requiring labeled input data for the training phase.

[24] FIG. 4 is a representation of conditions of barcode tags in classes, and the
subcategories that cover individual characteristics of the tag quality, according to an
embodiment.

[25] Low-level cue: semantic segmentation: The proposed concept is based on

multiple cues running in a supervised mode. These cues make extensive use of
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complementary feature descriptors, like color and orientation histograms, statistical
descriptors and approximated local binary patterns, which are trained and evaluated on the
pixel level. Since short response times are expected, the proposed concept exploits efficient
image structures like integral images and uses quick classifiers like random decision trees or
decision trees. The training phases require labeled input data: due to pixel level
classification, the annotation can be accomplished quickly by image regions annotation using
strokes. Training has to be performed once and includes data from different acquisitions with
various characteristics. For each low-level cue individually, individual random forest
classifiers are trained for binary (Good/Bad regions) and multi-class tasks
(Barcode/Tag/Background regions). During runtime the trained classifier provides
probabilities on a pixel level with respect to the trained semantic classes. These classifier
responses are directly integrated into the mid-level representation as discriminative attributes
for final decision making. FIG. 5 illustrates exemplary responses of a semantic segmentation
low-level cue applied to sample tubes.

[26] Low-level cue: Tube Model Extraction: In order to provide spatial

information for data aggregation, the segmented tube region and some support segments in
the images are used. The tube model can either be derived by using a calibrated 3D setup and
external tube detection information (i.e., rendering of the tube’s geometry into the images) or
also extracted from the images individually (i.e.. robust extraction of tube boundaries by
using robust line detection methods and logic processing or reasoning). Having the tube
model segmented in the images, enables the portioning of the tube and neighboring regions
into smaller patches. These patches are used to aggregate classifier responses from the low-
level cues as well as information directly from the images. FIG. 6 illustrates exemplary

responses of a tube model extraction low-level cue applied to sample tubes.
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[27] Mid-level representation: To derive a final decision for the barcode tag

condition, the proposed method makes use of aggregation of low-level cue responses into a
mid-level representation, which can be seen as descriptor for a triplet of input images. The
descriptor is comprised of, but not limited to, classifier responses as well as image features
extracted with support of the tube model segmentation (e.g., orientation information and
color statistics). Since the representation includes information from multiple views, a data
sequence ordering according to the size of the covered barcode regions is applied.

[28] Barcode Tag Condition Classification: In order to derive a final class label

of the condition, classifiers such as random decision trees or Support Vector Machines
(SVM) are used. A refinement of the classification results into subcategories and may be
accomplished by an additional classification stage or directly on the mid-level representation.

[29] A controller is provided for managing the image analysis of the images
taken by the cameras for classifying barcode tag conditions on sample tubes from side view
images. The controller may be, according to an embodiment, part of a sample handler that is
used in an in vitro diagnostics (IVD) environment to handle and move the tube trays and the
tubes between storage locations to analyzers. One or more memory devices may be
associated with the controller. The one or more memory devices may be internal or external
to the controller.

[30] Although the present invention has been described with reference to
exemplary embodiments, it is not limited thereto. Those skilled in the art will appreciate that
numerous changes and modifications may be made to the preferred embodiments of the
invention and that such changes and modifications may be made without departing from the
true spirit of the invention. It is therefore intended that the appended claims be construed to

cover all such equivalent variations as fall within the true spirit and scope of the invention.
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CLAIMS:

1. A method of detecting barcode tag conditions on sample tubes, the method comprising:
acquiring, by an image capture system comprised of a plurality of cameras, at least three
side view images of a sample tube containing a barcode tag, wherein the side view images are
acquired simultaneously by three cameras acquiring a 360 degree view of the sample tube;
analyzing, by one or more processors in communication with the image capture system,
the side view images, the analyzing comprising:
applying a plurality of low-level cues to the side view images of the sample tube
to obtain a semantic segmentation using a binary classifier trained to identify good and
bad regions defining barcode tag quality regions, and a semantic segmentation using a
multi-class classifier trained to identify barcode, tag, and background regions, wherein
the semantic segmentation focuses on an explanation of each pixel in an image domain
with respect to predefined semantic object labels at pixel level using the multi-class
classifier and follows a training and evaluation phase requiring labeled input data and
using complementary feature descriptors;
extracting spatial information of the sample tube, using a tube model segmented
in the images enabling portioning of the tube and neighboring regions into smaller
patches, wherein the tube model is derived by using a calibrated 2d setup and external
tube detection information or is extracted from the images individually;
aggregating the classifier responses using the patches as well as imager features
extracting with support of the tube segmentation to form a mid-level representation; and
identifying a final class of the barcode tag indicative of a physical condition of the
barcode tag impacting readability of the barcode tag based upon the mid-level

representation including a descriptor for the at least three side view images, and

-8-
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rectifying the barcode tag if the barcode tag is identified into a class indicative of
a problematic physical condition of the barcode tag impacting readability of the barcode

tag.

2. The method of claim 1, wherein the low-level cues comprise two parallel low-level cues

for barcode tag condition recognition and a tube model extraction cue for spatial information.

3. The method of claim 2, wherein the two parallel low-level cues comprise (i) a semantic
segmentation for barcode tag and background regions and (ii) a semantic segmentation for

barcode tag quality regions.

4. The method of claim 1, wherein the descriptor comprises classifier responses and
extracted image features, wherein the extracted image features include orientation information

and color statistics.

5. The method of claim 4, wherein the classifier responses and the extracted image features
are used to identify the class of the barcode tag from a plurality of pre-defined classes of the

barcode tag.

6. The method of claim 5, wherein the pre-defined classes each comprise a plurality of sub-

categories.

7. The method of claim 5, wherein the plurality of pre-defined classes include one or more

of "OK," "WARNING," and "ERROR."

8. The method of claim 6, wherein the plurality of sub-categories include one or more of

"perfect," "peeled," "damaged," "folded," "skewed," "deformed," and "colored".

9. The method of claim 1, wherein the trained classifier is a random forest classifier.

9-
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10. A vision system for use in an in vitro diagnostics environment for detecting barcode tag
conditions on sample tubes, the vision system comprising:

a plurality of cameras configured to capture at least three side view images of a sample
tube containing a barcode tag, wherein the side view images are acquired simultaneously by
three cameras acquiring a 360 degree view of the sample tube; and

a processor in communication with the cameras, the processor configured to perform the
following steps:

applying a plurality of low-level cues to the side view images of the sample tube
to obtain a semantic segmentation using binary classifier trained to identify good and bad
regions defining barcode tag quality regions, and a semantic segmentation using a multi-
class classifier trained to identify barcode, tag, and background regions, wherein the
semantic segmentation focuses on an explanation of each pixel in an image domain with
respect to predefined semantic object labels at pixel level using the multi-class classifier
and follows a training and evaluation phase requiring labeled input data and using
complementary feature descriptors;

extracting spatial information of the sample tube, using a tube model segmented
in the images enabling portioning of the tube and neighboring regions into smaller
patches, wherein the tube model is derived by using a calibrated 2d setup and external
tube detection information or is extracted from the images individually;

aggregating the classifier responses using the patches as well as imager features
extracting with support of the tube segmentation to form a mid-level representation;

identifying a final class of the barcode tag indicative of a physical condition of the
barcode tag impacting readability of the barcode tag based upon the mid-level

representation including a descriptor for the at least three side view images, and

-10-
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rectifying the barcode tag if the barcode tag is identified into a class indicative of
a problematic physical condition of the barcode tag impacting readability of the barcode

tag.

11.  The system of claim 10, wherein the plurality of low-level cues comprise two parallel
low-level cues for barcode tag condition recognition and a tube model extraction cue for spatial

mformation.

12.  The system of claim 11, wherein the two parallel low-level cues comprise (i) a semantic
segmentation for barcode tag and background regions and (ii) a semantic segmentation for

barcode tag quality regions.

13.  The system of claim 10, wherein the descriptor comprises classifier responses and
extracted image features, wherein the extracted image features include orientation information

and color statistics.

14.  The system of claim 13, wherein the classifier responses and the extracted image features
are used to identify the class of the barcode tag from a plurality of pre-defined classes of the

barcode tag.

15.  The system of claim 14, wherein the pre-defined classes each comprise a plurality of sub-

categories.

16.  The system of claim 14, wherein the plurality of pre-defined classes include one or more

of "OK," "WARNING," and "ERROR."

17.  The system of claim 15, wherein the plurality of sub-categories include one or more of

"w

"perfect,” "peeled," "damaged," "folded," "skewed," "deformed," and "colored".

-11-

Date Recue/Date Received 2022-09-22



84035518

18.  The system of claim 10, wherein the trained classifier is a random forest classifier.

-12-
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