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(7) ABSTRACT

The various embodiments herein provide a system and
method for automatic gross-examination of tissue samples.
The apparatus is of cubicle shape comprising a bed where
the specimen is placed, an ultrasound equipment mounted
on top of cubicle box, a robotic arm mounted with a plurality
of surgical blades, and a camera. The ultrasound technology
is used to accurately understand the specimen, size and
dimensions of a tumor that is studied. The robotic arm
assisted surgical blades receive ultrasound output or camera
output and accurately slice the specimen for further analysis.
The information pertaining to gross-examination is stored in
an external server connected to the apparatus and analyzed
using artificial intelligence algorithms.
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identificavon of the nomenclatire and taxonomy of & specimen
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Placement of the specimen is on the ulirasound’ imaging’ scanning bed
laterally depending on the size of the specimen

The specinen is stabilized with a robotic arm and the measuremants of
the specimen are captared by uhirasoundfother measurable scanning
tochnigues

! /204

The specimen is videographed and contour shape s recorded, the process

results are sent for nuage analysis / antificial infelligence based processing

and image processing for funther superimposition )
L [ ,

! fZiiS

Megsurements are analyred by pathologists: when the pathologists
approve the measurements, the measarements and shape of the specimen

are recorded in the database. When the pathelogists do not approve the
measurements, the pathologist modifics the measurements and the
measurenents and shape of the specimen are regorded in the database
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The analysis of the specimen i3 carried out by the ultrasound waves! other
scanning technigues and the waves are converfed mio co-ordinates by a
gomputer algorithm
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An image is captured by s presoelectric device/ other shmilar probe with
and the image 1s sent to the image analysis algorithm for further analysis

! £33

The total size of the tamer versus the total size of the specimen is }

identified and the location of the temor 13 identified with respect to its
boundarics specific o the aterality

The size of the tamor as per geacral shoing 1 also captured and stored for
further use and the lynph nodes are counted from the image analysis and
are mapped {o the co-ordinates and nodal disscetion takes place

! / 363

The specimen is shived from left 1o right while cnabling move slicing at
the boundaries of the oo and whie shoiag the tumor, the grittiness and

the texture of the umar are captured
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e the sbicing is done the robotic arm disengages and the tumor is held
{Onee the s jone the robotic aroy disengages and the ¢ held
for further climcal purposes

! / 442

The tamor 1 then dissected to obtain 3 block of tamor by the robotic amm

as per the grossing principles

| f 483

A predefingd full veport & generated with all the necessary mformation

! /’ 4084

The report and the block ate sent for farther clinical purposes

FIG. 4



Patent Application Publication  Dec. 6,2018 Sheet 5 of 9 US 2018/0348092 A1

2461 ~
505 o Automated / manual robotie
, o arm with 3D control
Input captuning m terms
of force vs movement vs -1
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coupling with eraded Pressure/time fpower gradient
output for dissecting 1o e conrol coupled with
robotic arm movement measursment
technology
Data Integration with
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Scan {electromagnetic/ Measurement of resistance /
piezoelectric/ movement traversed with
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Htegration the consistency and texture, that can
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argan and other errors]
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SYSTEM AND METHOD FOR AUTOMATED
GROSS EXAMINATION OF TISSUES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The embodiments herein claims the priority of the
Indian Provisional Patent Application filed on Oct. 21, 2015
and subsequently postdated by one month to Nov. 21, 2015
with the number 5663/CHE/2015 and entitled, “AN AUTO-
MATED APPARATUS AND METHOD FOR GROSS
EXAMINATION OF TISSUES”, and the contents of which
are included in entirety as reference herein. The embodi-
ments herein claims the priority of the PCT application with
serial number PCT/IN/2016/000275 filed on Nov. 18, 2016
and entitled “SYSTEM AND METHOD FOR AUTO-
MATED GROSS EXAMINATION OF TISSUES”, and the
contents of which are included in entirety as reference
herein. The present application is a national phase applica-
tion filed in continuation to the PCT application with serial
number PCT/IN/2016/000275 filed on Nov. 18, 2016.

BACKGROUND

Technical Field

[0002] The embodiments herein are generally related to
pathology grossing. The embodiments herein are particu-
larly related to objective and reproducible inspection, image
analysis and automated processing of pathological speci-
mens. The embodiments herein are more particularly related
to a completely automated apparatus with provision for
human, technical, expert interface and a method for gross
examination of tissue samples using image analysis tech-
niques and artificial intelligence.

Description of the Related Art

[0003] To accurately diagnose various diseases and con-
ditions, medical personnel remove one or more samples of
tissue from the body of a patient. This process of harvesting
tissue from the body is known as a biopsy. Once the tissue
sample or samples are removed and sent to a pathological
laboratory, the tissue is passed/processed through a series of
procedures performed by a histo-technician and, ultimately,
a pathologist, in order to diagnose the tissue. Once a tissue
sample is removed from the body of a patient, the sample is
typically placed into a specimen container containing a
tissue fixative solution and then the container is transported
to a pathological laboratory. The tissue undergoes a process
known as “grossing-in” in the pathological lab during which
a histo-technician retrieves the tissue sample from the con-
tainer, typically cuts the tissue sample :into appropriate sizes
for tissue processing, places individual samples into the
appropriate sized small plastic tissue cassettes and assigns
tracking numbers to each cassette. These tracking numbers
are then logged into a tracking system used in the laboratory.
[0004] However, there is an immense need for the focus on
grossing as grossing is a key step from where the entire story
of pathological specimen processing begins. Grossing-in
being the first step and most critical step involving histo-
technicians/pathologists expertise and experience, any error
at this stage severely and adversely affect the entire process
of pathological testing and reporting.

[0005] All the current innovations till date have been
dealing with post grossed specimen. The identification of
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key suspected or pathological areas is a crucial step in
grossing; and this step is not currently standardized as it
relies on visual inspection and palpation of specimen, both
of which are highly subjective. Any error in identification of
“accurate/relevant area” will lead to a completely erroneous
report, which endangers the “pathological quality” there by
affecting clinical decision-making for patient care.

[0006] Currently used innovations deal with post-grossed
specimen. The grossing-in step is currently not standardized
and largely relies on visual inspection and palpation of
specimen, both of which are highly subjective. Any error in
identification of accurate or relevant area leads to a com-
pletely erroneous report, which endangers the pathological
quality there by effecting clinical decision making for
patient care.

[0007] The current methods of pathological grossing are
not effective for deeply embedded tumors in view of limi-
tation of visual inspection and palpitation. The current
method also poses a risk of accidental injury and/or infection
to pathologist.

[0008] The average number of pathological specimens
grossed globally is close to 50 Million with a huge defi-
ciency of the trained histo-technicians, thereby making the
step of Grossing highly vulnerable. The average time taken
for the expert technician to gross the specimen is approxi-
mately thirty minutes. With this big gap of time, expertise
and the quality of reporting, only a compromised report is
expected to get.

[0009] Hence there is a need for a more objective, accu-
rate, reproducible and automated way, which is driven by
artificial intelligence technology and endorsed by trained
pathologist before proceeding—using double check mecha-
nism, for a gross examination of the tissue samples. There is
also an immense need for the high speed and automated
Grossing-in of specimens; a lymph node harvesting tech-
nology which is addressed with a help of imaging and
robotics, as lymph node harvesting technology is an impor-
tant event in the grossing in and as majority technicians are
under-trained; reproducibility of results with minimum
human interface and maximum accuracy; ability to serve the
remote areas, which largely depend of telepathology, there
grossing in errors lead to major misdiagnosis; ability to
gross high volumes of specimens in limited time, with
limited resources: accurate measures for preventing cross
contamination with the help of automated and standardized
procedures; digital documentation of the grossing process
for review and corrections; and for better and uniform
reporting with help of artificial intelligence.

[0010] Hence there is a need for an automated apparatus
and method for gross examination of tissue samples. Further
there is a need for an automated apparatus and method
linked with Artificial Intelligence Engine for classification,
probabilistic modelling, and advanced image analysis (im-
age mining, speech recognition) processes. Still further there
is a need for an automated apparatus and method provided
with ultrasound technology and standardized imaging tech-
niques for the gross examination of tissue samples method
and to accurately understand the specimen, size and dimen-
sions of the tumor. Yet there is a need for an automated
apparatus and method for gross examination of tissue
samples, to reduce a risk of accidental infection to patholo-
gist/technicians during grossing, and to reduce a skin and
eye infection due to exposure to formalin. Yet there is a need
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for an automated apparatus and method for grossly reducing
the time with help of robotics, in view of the high volumes
of the specimen loads.

[0011] The above mentioned shortcomings, disadvantages
and problems are addressed herein, which will be under-
stood by reading and studying the following specification.

OBIJECTS OF THE EMBODIMENTS

[0012] The primary object of the embodiments herein is to
provide an automated apparatus and method for gross
examination of tissue samples.

[0013] Another object of the embodiments herein is to
provide an automated apparatus and method connected to an
artificial intelligence engine for classification, probabilistic
modeling, advanced image analysis such as image mining
and speech recognition processes during the gross exami-
nation of tissue samples.

[0014] Yet another object of the embodiments herein is to
provide an automated apparatus and method with ultrasound
or other imaging techniques for the gross examination of
tissue samples to accurately understand the specimen, size,
texture, margins, character, nodal status, and dimensions of
the tumor.

[0015] Yet another object of the embodiments herein is to
provide an automated apparatus and method that reduces a
risk of accidental infection to pathologist or technicians
during grossing, and reduces a skin and eye infection due to
exposure to formalin.

[0016] Yet another object of the embodiments herein is to
provide an automated apparatus and method with the ultra-
sound equipment and other imaging techniques to automate
the process of cutting the specimen by providing output
from ultrasound equipment and other imaging techniques to
the robotic surgical blades to accurately slice a specimen for
further analysis.

[0017] Yet another object of the embodiments herein is to
provide an automated apparatus and method for more accu-
rate pathological dissection, to get the samples of ideal/
relevant areas for processing.

[0018] Yet another object of the embodiments herein is to
provide an automated apparatus and method to increase
accuracy and to reduce false-positive and false-negatives.
[0019] Yet another object of the embodiments herein is to
provide an automated apparatus and method to help the
pathologist to navigate to accurate and relevant zones in the
specimen.

[0020] Yet another object of the embodiments herein is to
harvest a maximum number of nodes.

[0021] Yet another object of the embodiments herein is to
reduce a time taken for grossing process.

[0022] Yet another object of the embodiments herein is to
provide an automated apparatus and method with a robotic
arm, which has three dimensional blades for precise detec-
tion and dissection of the specimen of cubes.

[0023] Yet another object of the embodiments herein is to
provide an automated apparatus and method for processing
tissue before performing an automated slide review.

[0024] Yet another object of the embodiments herein is o
provide an automated apparatus and method for gross pro-
cessing of tissue with the help of robotics and artificial
intelligence.

[0025] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing of tissue in an enclosed atmosphere to prevent an
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exposure of pathologist to formalin and risk of infections
and accidental injuries during “grossing” process.

[0026] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing of tissue with a unique way of capturing and
integrating the image coupled with transferring the data
uniquely to robot to perform tissue grossing process.
[0027] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing of tissue with an image analysis application and
techniques that are applied to objectivize the subjective
pathologist reading in a reproducible manner at a stage when
a labeled specimen enters grossing-in.

[0028] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing of tissue to perform 3 dimensional mapping and
analysis of the images of the armor tissue, normal tissue,
necrotic tissue, and margins with the help of the Image
mining algorithms.

[0029] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing, which is involved only in slicing and block prepa-
ration called Grossing).

[0030] Yet another object of the embodiments herein is to
provide an ultrasound cleaning mechanism built-in in the
automated apparatus and method for gross processing of
tissue, to keep the instruments clean for a sequential pro-
cessing.

[0031] Yet another object of the embodiments herein is to
provide aa automated apparatus for gross processing with a
box like structure having a lock-in mechanism thereby
enabling a cleaning of all parts effectively and efficiently.
[0032] Yet another object of the embodiments herein is to
provide an automated apparatus for gross processing having
Classification (supervised learning) algorithms/models, and
Digital pathology for collaboration.

[0033] Yet another object of the embodiments herein is to
provide an automated apparatus for gross processing in
which a data mining and analytics are carried out at server
level.

[0034] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing in a safe manner to reduce the risk accidental
infection to pathologist/technicians during grossing.

[0035] Yet another object of the embodiments herein is to
provide an automated apparatus and method for gross pro-
cessing in a safe manner to reduce skin and eye infections
due to exposure to formalin.

[0036] Yet another object of the embodiments herein is to
provide an automated apparatus and method for significantly
increasing an accuracy in slicing of the specimen and
preserving the integrity of gross specimen.

[0037] Yet another object of the embodiments herein is to
provide an automated grossing apparatus and method to
avoid a lot of problems in grossing like wrong depth during
splicing (errors due to inability in understanding a resistivity
and hardness of the specimen).

[0038] Yet another object of the embodiments herein is to
provide an automated grossing apparatus and method to
increases an ability to reach deep areas such as areas close
to vessels, deep lungs, intramural tumors etc. which are
otherwise difficult to reach.

[0039] Yet another object of the embodiments herein is to
provide an automated grossing apparatus and method inte-
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grated with analytic engine, robotic arm, ultrasound mecha-
nism and mobile computing technology.

[0040] Yet another objective of the embodiments herein is
to provide a system and method for enabling additional
reinforcement of the measurements by the indirect measure-
ment techniques like USG, X-Rays, NMR imaging tools for
accurate and automated interpretation of gross-examination.

[0041] Yet another objective of the embodiments herein is
to automate the process of gross-examination by employing
a combination of a plurality of technologies such as robotics,
analytics, ultrasound, mobile computing etc.

[0042] Yet another objective of the embodiments herein is
to automate the process of gross-examination by enabling
storage of information pertaining to gross-examination on an
external server.

[0043] Yet another objective of the embodiments herein is
to automate the process of gross-examination through
machine learning algorithms and methodologies.

[0044] Yet. another objective of the embodiments herein is
to provide a system for evaluating the grossed specimen
with help of Imaging (acquired from Ultrasound/X ray/MRI
or approved modalities by medical bodies) superimposed
with pictorial images of the same taken by conventional/
digital imaging based on a Al based correlation.

[0045] Yet another objective of the embodiments herein is
to provide a system and method of standardizing the con-
sistency of the tissue on a defined scale for uniform reporting
by “robotic arm—with specified material, using defined
force and proportionate wedge angle of knife/dissecting
instrument”.

[0046] Yet another objective of he embodiments herein is
to provide a system and method for accurate pathological
dissection to obtain the samples of ideal and relevant areas
for processing with the help of image guided robotic navi-
gation of multidimensional blades/instruments, especially
for the margins and depth of suspected tissues.

[0047] Yet another objective of the embodiments herein is
to provide a system and method for an accurate Lymph
dissection (plucking rather than cutting) with the help of
imaging for standardized yield and thereby preserving the
specimen architecture.

[0048] Yet another objective of the embodiments herein is
to provide a system which is linked with an Artificial
Intelligence engine for classification, probabilistic modeling
and advanced image analysis of gross-examination of tis-
sues, is provided.

[0049] Yet another objective of the embodiments herein is
to provide a system and method fix creating analytical
models that are specific and customized to each type of
specimen being handled.

[0050] Yet another objective of the embodiments herein is
to provide a system and method for accurate pathological
dissection comprising processes such as automated image
analysis, remote viewing, pathologists’ collaboration and
feedback loop, standard image segmentation, storage
retrieval etc. which are included in the system as a part of the
integrated applications.

[0051] These and other objects and advantages of the
embodiments herein will become readily apparent from the
following detailed description taken in conjunction with the
accompanying drawings.
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SUMMARY

[0052] The various embodiments herein provide system
and method for an automated apparatus for the gross exami-
nation of tissue sample.

[0053] According to one embodiment herein, an auto-
mated apparatus for the gross examination of tissue sample
is provided. The apparatus is of cubicle or rectangular shape
comprising a bed where the specimen is placed, an ultra-
sound equipment mounted under the bed, camera mounted
on 3-D movable arm for accurately capturing the image for
the detailing of the specimen and a robotic arm capable of
moving in X-axis, Y-axis and Z-axis, a plurality of surgical
blades housed in the cubicle box and mounted in the robotic
arm. A 3D movable camera captures the details of the
specimen to be grossed, similar to a naked eye but with
objectification. The ultrasound technology is used to accu-
rately understand the specimen, size and dimensions of a
tumor that is studied. The ultrasound equipment also assists
in the automation of the process of cutting the specimen. The
surgical blades receive ultrasound output and accurately
slice the specimen for further analysis.

[0054] According to one embodiment herein, a precision
instrument, which is linked with an Artificial intelligence
engine for classification, probabilistic modeling and
advanced image analysis of gross-examination of tissues, is
provided. All these are analytical models that are specific
and customized to each type of specimen being handled.
Processes such as automated image analysis, remote view-
ing, pathologists’ collaboration, standard image segmenta-
tion, storage retrieval etc. are included in the system as a part
of the integrated applications.

[0055] According to one embodiment herein, an apparatus
for enabling automated gross-examination of tissues is pro-
vided. The apparatus comprises stainless steel bed for plac-
ing the tissue sample, cubes of multiple sizes to act as the
base for the bed, mountable ultrasound equipment and
retractable robotic blades are provided. The Stainless steel
bed is provided with a disposable cover for each specimen.
The Bed is configured to slide out and when bed is outside,
to avoid accidental injury. The blades inside robotic are
retracted inside. Only on completion of ultrasound and
confirmation by pathologist the blades are extended out of
the robotic arm.

[0056] According to one embodiment herein, the appara-
tus is provided with a built-in ultrasound cleaning mecha-
nism to keep the instruments clean for a sequential process-
ing.

[0057] According to one embodiment herein, the box is
formed or fabricated in three sizes of 30/60/90 sqcm with
bed arranged at a %rd height from the base. The bed is
provided on top with a piezoelectric glass mounted with the
ultrasound equipment. The bed is connected with a motor for
rotating the bed for assisting the dissection process of
grossing-in and enable imaging process. The box has a
modular design with lock-in mechanisms to ensure that all
the parts are opened and cleaned manually by an operator or
a lab technician with a minimal training. The ultrasound
equipment is arranged or configured to cover an entire
surface area on top of the bed. Alternatively the ultrasound
equipment is arranged as an array for covering specimen per
sqmm.

[0058] According to one embodiment herein, the robotic
arm is mounted with medical grade surgical blades (like
scalpel) with a retractable mechanism for safety. The 3
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blades are configured to cover X-Y-Z axes As soon as the
specimen is sliced, the blades are cleaned with an ultrasound
mechanism. The equipment is provided with an automatic
cleaning facility arranged inside and is cleaned later manu-
ally. An output of ultrasound is input to robotic arm, based
on the command issued from the server after the analysis by
the pathologist and analytics from server to cut and slice the
sample for analysis. The output of ultrasound is input to
robotic arm, for precise detection and dissection of specimen
into cubes of preset sizes using the medical grade blades.
The cubes are transferred with help of robotic arm into
automatic wax block for preparation, which are then sub-
jected to analysis.

[0059] According to one embodiment herein, any analyt-
ics on Al and Machine leaming is carried out in the server
and the results are communicated the apparatus from the
server. A plurality of classification (supervised learning)
algorithms/models, and Digital pathology for collaboration
are employed in the analysis of the samples.

[0060] According to one embodiment herein, the appara-
tus is configured to perform automatic process of grossing of
tissues by integrating the technologies of data mining,
analytics, robotics, ultrasound and mobile computing.
[0061] According to one embodiment herein, the appara-
tus is configured to storage data/information related to
gross-examination of tissue samples on an external server.
[0062] According to one embodiment herein, a method is
provided with the steps involved in a preliminary identifi-
cation and recording information about a gross-examination
sample. The method comprises the following steps: Identi-
fication of the nomenclature and taxonomy of a specimen;
Placement of the specimen is on the ultrasound bed laterally
depending on the size of the specimen; The specimen is
stabilized with a robotic arm and the measurements of the
specimen are captured by ultrasound technique; The speci-
men is video graphed and contour shape is recorded; and,
Measurements are analyzed by pathologists; when the
pathologists approve the measurements, the measurements
and shape of the specimen are recorded in the database.
When the pathologists do not approve the measurements, the
pathologist modifies the measurements and the measure-
ments and shape of the specimen are recorded in the
database.

[0063] According to one embodiment herein, a method is
provided with the steps involved in an image analysis of a
gross-examination sample. The method comprises the folk
wino steps: The analysis of the specimen is carried out by the
ultrasound waves and the waves are converted into co-
ordinates by a computer algorithm; An image is captured by
a piezoelectric device with the help of ultrasound waves and
the image is sent to the image analysis algorithm for further
analysis; The total size of the tumor versus the total size of
the specimen is identified from the sonic imaging and the
location of the tumor is identified with respect to its bound-
aries from left to right; The size of the tumor as per general
slicing is also captured and stored for further use and the
lymph nodes are counted from the image analysis and are
mapped to the co-ordinates and nodal dissection takes place;
and, The specimen is sliced from left to right while enabling
more slicing at the boundaries of the tumor and while slicing
the tumor, the grittiness and the texture of the tumor are
captured.

[0064] According to one embodiment herein, a method is
provided with the steps involved in generating an analysis
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report of a gross-examination sample after conducting an
image analysis on the sample, according to one embodiment
herein. The method comprises the following steps: Once the
slicing is done the robotic arm disengages and the tumor is
held for further clinical purposes; The tumor is then dis-
sected to obtain a block of tumor by the robotic arm as per
the grossing principles; A predefined full report is generated
with all the necessary information; and, The report and the
block are sent for further clinical purposes.

[0065] According to one embodiment herein, a system is
provided to enable texture and consistency analysis and
reporting of a sample. The system comprises automated/
manual robotic arm with 3D control, a module with pres-
sure/time/power gradient control coupled with movement
measurement technology and a module for measurement of
resistance/movement traversed with outputs based on pro-
grammed calculator for consistency. The embodiment also
comprises a module with a standardized scale with a vali-
dated score system to objectively document the consistency
and texture, that is reported automatically with a patholo-
gist/a technical expert interface to minimize false negatives
and errors. The embodiment also comprises an artificial
intelligence module that comprises: input capturing in terms
of force vs. movement vs. time vs. texture and coupling with
graded output for dissecting to robotic arm; data integration
with image [Visual/optical] vs. Scan [electromagnetic/
piezoelectric/texture/tensile and other properties; artificial
intelligence based algorithm for the forward. and backward
integration; and, automated typing into the pre-formatted
testing taking inputs specific to organ.

[0066] According to one embodiment herein, a system is
provided to enable sensor-blade technology in the robotic
arm in the apparatus. The system comprises a module with
an intact tissue sliced and the scanner integrated with blade,
a module with a feedback loop from the technical interface/
historical control/machine learning controls the dissecting
pressure and distance to be traversed, a module with a
pressure too low that undercuts and be augmented by
positive feedback loop, a module with a pressure too high
that overcuts and be inhibited by negative feedback loop;
and a module with an accurate dissection with texture/
consistency oriented outputs, which are objective and quan-
tifiable.

[0067] According to one embodiment herein, a system is
provided to enable Lymph-node plucking with the present
apparatus. The system comprises a Lymph-node sample, a
module with a 3D controlled human interface enabled arm
having inputs from the Imaging and Scanning integrated
with pathologist inputs, a module with a plurality of outputs
to a plucker/rotator blade [not slicing, which is unique] that
plucks without damaging the surrounding tissues, a module
with image based mapping of the spherico ovaoidal struc-
tures, having high probabilistic chances of being Lymph
nodes and coordinates to be sent to the robotic arm and a
final feedback loop coupled with artificial intelligence
makes the prediction better with machine learning and
technical interface for better nodal yield. The plucking/
circular cutting minimizes damage to surroundings of the
sample.

[0068] According to one embodiment herein, a system is
provided to enable a development of predicting modeling
tool for malignant potential based on the final HPE to
integrate for a routine imaging with artificial intelligence.
The system comprises a module with grossing results
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coupled with final HPE from the master database/computer,
which are specific to the tissues and organ, a module with
results of imaging/scanning from the database correspond-
ing to the specimen, a module comprising artificial intelli-
gence based algorithm for machine learning to predict the
characters unique for malignant vs. benign tissues and final
software that predicts malignant potential at the scanning
level itself in the live organisms/humans.

[0069] According to one embodiment herein, a system is
provided for transferring information from an ultrasonic
generator to correlating software for pathology image. The
system comprises a cloud module with data from USG and
final pathology from automated grossing machine, a module
for analysis of textures as measured with resistivity index, a
module for analysis of image textures from camera and
ultrasound, a module to send for the artificial algorithm for
correlation to HPE, a module to send for artificial intelli-
gence platform for pattern recognition and validated outputs
and an image-pathological correlating software.

[0070] According to an embodiment herein, a system is
configured to evaluate the grossed specimen by superim-
posing the images acquired from Ultrasound/X ray/MRI or
approved modalities by medical bodies with pictorial images
of the same taken by conventional/digital imaging based on
a Al based correlation.

[0071] According to an embodiment herein, a system is
configured to standardize the consistency of the tissue on a
defined scale for uniform reporting by “robotic arm—with
specified material, using defined force and proportionate
wedge angle of knife/dissecting instrument”.

[0072] According to an embodiment herein, a system is
configured to perform an accurate pathological dissection to
obtain the samples of ideal and relevant areas for processing
with the help of image guided robotic navigation of multi-
dimensional blades/instruments, especially for the margins
and depth of suspected tissues.

[0073] According to an embodiment herein, a system is
configured to carry out an accurate Lymphnodal dissection
(plucking rather than cutting with the help of imaging for
standardized yield and thereby preserving the specimen
architecture.

[0074] According to an embodiment herein, a system is
linked with an Artificial Intelligence engine for classifica-
tion, probabilistic modeling and advanced image analysis of
gross-examination of tissues.

[0075] According to an embodiment herein, the system is
further configured to create analytical models that are spe-
cific and customized to each type of specimen being
handled.

[0076] According to an embodiment herein, the system is
further configured to perform accurate pathological dissec-
tion comprising processes such as automated image analy-
sis, remote viewing, pathologists’ collaboration and feed-
back loop, standard image segmentation, storage retrieval
etc. which are included m the system as a part of the
integrated applications.

[0077] According to an embodiment herein, a method
further comprises evaluating the grossed specimen by supet-
imposing the images acquired from Ultrasound/X ray/MRI
or approved modalities by medical bodies with pictorial
images of the same taken by conventional/digital imaging
based on a Al based correlation.

[0078] According to art embodiment herein, the method
further comprises the steps of standardizing the consistency
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of the tissue on a defined scale for uniform reporting by
“robotic arm—with specified material, using defined force
and proportionate wedge angle of knife/dissecting instru-
ment”.

[0079] According to an embodiment herein, the method
further comprises the steps of performing an accurate patho-
logical dissection to obtain the samples of ideal and relevant
areas for processing with the help of image guided robotic
navigation of multidimensional blades/instruments, espe-
cially for the margins and depth of suspected tissues.
[0080] According to an embodiment herein, the method
further comprises the steps of performing an accurate
Lymphnodal dissection (plucking rather than cutting) with
the help of imaging for standardized yield and thereby
preserving the specimen architecture.

[0081] According to an embodiment herein, the method
further comprises the steps for performing a classification, a
probabilistic modeling and an advanced image analysis of
gross-examination of tissues by using an Artificial Intelli-
gence engine.

[0082] According to an embodiment herein, the method
further comprises the steps of creating the analytical models
that are specific and customized to each type of specimen
being handled.

[0083] According to an embodiment herein, the method
further comprises the steps of performing an accurate patho-
logical dissection comprising processes such as automated
image analysis, remote viewing, pathologists’ collaboration
and feedback loop, standard image segmentation, storage
retrieval etc. which are included in the system as a part of the
integrated applications.

[0084] These and other aspects of the embodiments herein
will be better appreciated and understood when considered
in conjunction with the following description and the
accompanying drawings. It should be understood, however,
that the following descriptions, while indicating preferred
embodiments and numerous specific details thereof, are
given by way of illustration and not of limitation. Many
changes and modifications may be made within the scope of
the embodiments herein without departing from the spirit
thereof and the embodiments herein include all such modi-
fications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0085] The other objects, features and advantages will
occur to those skilled in the art from the following descrip-
tion of the preferred embodiment and the accompanying
drawings in which:

[0086] FIG. 1 illustrates a perspective view of an appara-
tus for automatic gross-examination of tissue samples,
according to one embodiment herein.

[0087] FIG. 2 illustrates a flow diagram that provides the
steps involved in a preliminary identification and recording
information about a gross-examination sample, according to
one embodiment herein.

[0088] FIG. 3 illustrates a flow diagram that provides the
steps involved in an image analysis of a gross-examination
sample, according to one embodiment herein.

[0089] FIG. 4 illustrates a flow diagram that provides the
steps involved in generating an analysis report of a gross-
examination sample after conducting an image analysis on
the sample, according to one embodiment herein.



US 2018/0348092 A1

[0090] FIG. 5 illustrates a system that enables texture and
consistency analysis and reporting of a sample, according to
one embodiment herein.

[0091] FIG. 6 illustrates a system that enables the sensor-
blade technology in the robotic arm in the apparatus, accord-
ing to one embodiment herein.

[0092] FIG. 7 illustrates a system that enables Lymph-
node plucking with present apparatus, according to one
embodiment herein.

[0093] FIG. 8 illustrates a system that enables a develop-
ment of predicting modeling tool for malignant potential
based on the final HIT to integrate for a routine imaging with
artificial intelligence, according to one embodiment herein.
[0094] FIG. 9 illustrates a system for transferring infor-
mation from an ultrasonic generator to correlating software
for pathology image, according to one embodiment herein.
[0095] Although the specific features herein are shown in
some drawings and not in others. This is done for conve-
nience only as each feature may be combined with any or all
of the other features in accordance Faith the embodiments
herein.

DETAILED DESCRIPTION OF THE
INVENTION

[0096] In the following detailed description, a reference is
made to the accompanying drawings that form a part hereof,
and in which the specific embodiments that may be practiced
is shown by way of illustration. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the embodiments and it is to be understood that
other changes may be made without departing from the
scope of the embodiments. The following detailed descrip-
tion is therefore not to be taken in a limiting sense.

[0097] The various embodiments herein provide system
and method for an automated apparatus for the gross exami-
nation of tissue sample.

[0098] According to one embodiment herein, an auto-
mated apparatus for the gross examination of tissue sample
is provided. The apparatus is of cubicle or rectangular shape
or other suitable shape comprising a bed where the specimen
is placed, an ultrasound equipment mounted under the bed,
camera mounted on a 3D movable arm for accurately
capturing the image for the detailing of the specimen and a
robotic arm capable of moving in X-axis, Y-axis and Z-axis,
a plurality of surgical blades housed in the cubicle box and
mounted in the robotic arm. A 3D movable camera captures
the details of the specimen to be grossed, similar to naked
eye but with objectification. The ultrasound technology is
used to accurately understand the specimen, size and dimen-
sions of a tumor that is studied. The ultrasound equipment
also assists in the automation of the process of cutting the
specimen. The surgical blades receive the output from the
ultrasound equipment or other imaging devices to accurately
slice the specimen for further analysis.

[0099] According to one embodiment herein, a precision
instrument, which is linked with an Artificial Intelligence
engine for classification, probabilistic modeling and
advanced image analysis of gross-examination of tissues, is
provided. All these are analytical models that are specific
and customized to each type of specimen being handled.
Processes such as automated image analysis, remote view-
ing, pathologists’ collaboration, standard image segmenta-
tion, storage retrieval etc. are included in the system as a part
of the integrated applications.
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[0100] According to one embodiment herein, an apparatus
for enabling automated gross-examination of tissues is pro-
vided. The apparatus comprises stainless steel bed for plac-
ing the tissue sample, cubes of multiple sizes to act as the
base for the bed, mountable ultrasound equipment and
retractable robotic blades are provided. The piezo-electric
compatible bed fixed on stainless steel based motor enabled
plate is provided with a disposable cover for each specimen.
The Bed is configured to slide out and when bed is outside,
to avoid accidental injury. The blades inside robotic are
retracted inside. Only on completion of ultrasound and
confirmation by pathologist the blades are extended out of
the robotic arm.

[0101] According to one embodiment herein, the appara-
tus is provided with a built-in ultrasound cleaning mecha-
nism to keep the instruments clean for a sequential process-
ing.

[0102] According to one embodiment herein, the box is
formed or fabricated in three sizes of 30/60/90 sqgecm with
bed arranged at a %4rd height from the base. The bed is
provided on top with a piezoelectric glass mounted with the
ultrasound equipment. The bed is connected to a motor for
rotating the bed for assisting the dissection process of
grossing-in and imaging operations. The box has a modular
design with lock-in mechanisms to ensure that all the pans
are opened and cleaned manually by an operator or a lab
technician with a minimal training. The ultrasound equip-
ment is arranged or configured to cover an entire surface
area on top of the bed. Alternatively the ultrasound equip-
ment is arranged as an array for covering specimen per
sqmm.

[0103] According to one embodiment herein, the robotic
arm is mounted with medical grade surgical blades (like
scalpel) with a retractable mechanism for safety. The 3
blades are configured to cover X-Y-Z axes As soon as the
specimen is sliced, the blades are cleaned with an ultrasound
mechanism. The equipment is provided with an automatic
cleaning facility arranged inside and is cleaned later manu-
ally. An output of ultrasound is input to robotic arm, based
on the command issued from the server after the analysis by
the pathologist and analytics from server to cut and slice the
sample for analysis. The output of ultrasound is input to
robotic arm, for precise detection and dissection of specimen
into cubes of preset sizes using the medical grade blades.
The cubes are transferred with help of robotic arm into
automatic wax block for preparation, which are then sub-
jected to analysis.

[0104] According to one embodiment herein, any analyt-
ics on Al and Machine learning is carried out in the server
and the results are communicated the apparatus from the
server. A plurality of classification (supervised learning)
algorithms/models, and Digital pathology for collaboration
are employed in the analysis of the samples.

[0105] According to one embodiment herein, the appara-
tus is configured to perform automatic process of grossing of
tissues by integrating the technologies of data mining,
analytics, robotics, ultrasound and mobile computing.

[0106] According to one embodiment herein, the appara-
tus is configured to storage data/information related to
gross-examination of tissue samples on an external server.
[0107] According to an embodiment herein, a system is
configured to evaluate the grossed specimen by superim-
posing the images acquired from Ultrasound/X ray/MRI or
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approved modalities by medical bodies with pictorial images
of the same taken by conventional/digital imaging based on
an Al based correlation.

[0108] According to an embodiment herein, a system is
configured to standardize the consistency of the tissue on a
defined scale for uniform reporting by “robotic arm—with
specified material, using defined force and proportionate
wedge angle of knife/dissecting instrument”.

[0109] According to an embodiment herein, a system is
configured to perform an accurate pathological dissection to
obtain the samples of ideal and relevant areas for processing
with the help of image guided robotic navigation of multi-
dimensional blades/instruments, especially for the margins
and depth of suspected tissues.

[0110] According to an embodiment herein, a system is
configured to carry out an accurate Lymphnodal dissection
(plucking rather than cutting) with the help of imaging for
standardized yield and thereby preserving the specimen
architecture.

[0111] According to an embodiment herein, a system is
linked with an Artificial Intelligence engine for classifica-
tion, probabilistic modeling and advanced image analysis of
gross-examination of tissues.

[0112] According to an embodiment herein, the system is
further configured to create analytical models that are spe-
cific and customized to each type of specimen being
handled.

[0113] According to an embodiment herein, the system is
further configured to perform accurate pathological dissec-
tion comprising processes such as automated image analy-
sis, remote viewing, pathologists’ collaboration and feed-
back loop, standard image segmentation, storage retrieval
etc. which are included in the system as a part of the
integrated applications.

[0114] According to an embodiment herein, a method
further comprises evaluating the grossed specimen by super-
imposing the images acquired from Ultrasound/X ray/MRI
or approved modalities by medical bodies with pictorial
images of the same taken by conventional/digital imaging
based on a Al based correlation.

[0115] According to an embodiment herein, the method
further comprises the steps of standardizing the consistency
of tie tissue on a defined scale for uniform reporting by
“robotic arm—with specified material, using defined force
and proportionate wedge angle of knife/dissecting instru-
ment”.

[0116] According to an embodiment herein, the method
further comprises the steps of performing an accurate patho-
logical dissection to obtain the samples of ideal and relevant
areas fur processing with the help of image guided robotic
navigation of multidimensional blades/instruments, espe-
cially for the margins and depth of suspected tissues.

[0117] According to an embodiment herein, the method
further comprises the steps of performing an accurate
Lymphnodal dissection (plucking rather than cutting) with
the help of imaging for standardized yield and thereby
preserving the specimen architecture.

[0118] According to an embodiment herein, the method
further comprises the steps for performing a classification, a
probabilistic modeling and an advanced image analysis of
gross-examination of tissues by using an Artificial Intelli-
gence engine.
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[0119] According to an embodiment herein, the method
further comprises the steps of creating the analytical models
that are specific and customized to each type of specimen
being handled.

[0120] According to an embodiment herein, the method
further comprises the steps of performing an accurate patho-
logical dissection comprising processes such as automated
image analysis, remote viewing, pathologists’ collaboration
and feedback loop, standard image segmentation, storage
retrieval etc. which are included in the system as a part of the
integrated applications.

[0121] FIG. 1 illustrates a perspective view of an appara-
tus for automatic gross-examination of tissue samples,
according to an embodiment herein. With respect to FIG. 1,
an automated apparatus for the gross examination of tissue
sample is provided. The apparatus is of cubicle shaped box
comprising a bed 110 where the specimen 108 is placed. An
ultrasound equipment is mounted on top of the bed 110 and
a robotic arm 102 capable of moving in X-axis, Y-axis and
Z-axis is fixed to the top of the box. A plurality of surgical
blades is mounted in the robotic arm 102. The blades are
configured to extend out during a dissection process and are
retracted back inside the arm 102 when not in use. The
ultrasound technology is used to accurately understand/
detect the specimen, size and dimensions of a tumor that is
studied. The ultrasound equipment also automates the pro-
cess of cutting the specimen 108. The surgical blades receive
ultrasound output and accurately slice the specimen for
further analysis. A camera 104q, is mounted on 3 D movable
arm for accurate capturing of the image for the detailing of
the specimen. A plurality of 3D movable cameras 104,1044,
1045 is provided to capture the details of the specimen to be
grossed, similar to naked eye but with objectification.
[0122] According to one embodiment herein, a precision
instrument, which is linked with an Artificial Intelligence
engine for classification, probabilistic modeling and
advanced image analysis of gross-examination of tissues, is
provided. All these are analytical models that are specific
and customized to each type of specimen being handled.
Processes such as automated image analysis, remote view-
ing, pathologists’ collaboration, standard image segmenta-
tion, storage retrieval etc. are included in the system as a part
of the integrated applications.

[0123] According to one embodiment herein, the appara-
tus comprises stainless steel bed 110 for placing the tissue
sample. The bed is mounted with a piezo electric glass 112
on top. A ultrasound equipment is mounted on the bed. The
retractable robotic blades are provided. The Stainless steel
bed 110 is provided with a disposable cover for each
specimen. The Bed 110 is configured to slide out and when
bed is outside, to avoid accidental injury. The blades are
retracted inside robotic arm, when not in use. Only on
completion of ultrasound and confirmation. by pathologist,
the blades are extended out of the robotic arm.

[0124] According to one embodiment herein, the appara-
tus is provided with a built-in ultrasound cleaning mecha-
nism to keep the instruments clean for a sequential process-
ing.

[0125] According to one embodiment herein, the box is
formed or fabricated in three sizes of 30/60/90 sqem with
bed arranged at a 24rd height from the base. The box has a
modular design with lock-in mechanisms to ensure that all
the parts are opened and cleaned manually by an operator or
a lab technician with a minimal training. The ultrasound
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equipment is arranged or configured to cover an entire
surface area on top of the bed. Alternatively the ultrasound
equipment is arranged as an array for covering specimen per
sqmm.

[0126] According to one embodiment herein, the robotic
arm is mounted 102 with medical grade surgical blades (like
scalpel) with a retractable mechanism for safety. The 3
blades are configured to cover X-Y-Z axes As soon as the
specimen is sliced, the blades are cleaned with an ultrasound
mechanism. The equipment is provided with an automatic
cleaning facility arranged inside and is cleaned later manu-
ally. An output of ultrasound is input to robotic arm, based
on the command issued from the server after the analysis by
the pathologist and analytics from server to cut and slice the
sample for analysis. The output of ultrasound is input to
robotic arm, for precise detection and dissection of specimen
into cubes of preset sizes using the medical grade blades.
The cubes are transferred with help of robotic arm into
automatic wax block for preparation, which are then sub-
jected to analysis.

[0127] According to one embodiment herein, any analyt-
ics on Al and Machine learning is carried out in the server
106 and the results are communicated the apparatus from the
server 106. A plurality of classification (supervised learning)
algorithms/models, and Digital pathology for collaboration
are employed in the analysis of the samples.

[0128] FIG. 2 illustrates a flow diagram that provides the
steps involved in a preliminary identification and recording
information about a gross-examination sample, according to
one embodiment herein. The method comprises the follow-
ing steps: Identification. of the nomenclature and taxonomy
of a specimen (201); Placement of the specimen is on the
ultrasound bed laterally depending on the size of the speci-
men (202). The specimen is stabilized with a robotic arm and
the measurements of the specimen are captured by ultra-
sound technique (203); The specimen is videographed and
contour shape is recorded (204); and, Measurements are
analyzed by pathologists; when the pathologists approve the
measurements, the measurements and shape of the specimen
are recorded in the database. When the pathologists do not
approve the measurements, the pathologist modifies the
measurements and the measurements and shape of the
specimen are recorded in the database (205).

[0129] FIG. 3 illustrates a flow diagram that provides the
steps involved in an image analysis of a gross-examination
sample, according to one embodiment herein. The method
comprises the following steps: The analysis of the specimen
is carried out by the ultrasound waves and the waves are
converted into co-ordinates by a computer algorithm (301);
An image is captured by a piezoelectric device with the help
of ultrasound waves and the image is sent to the image
analysis algorithm for further analysis (302); The total size
of the tumor versus the total size of the specimen is
identified from the sonic imaging and the location of the
tumor is identified with respect to its boundaries from left to
right (303); The size of the tumor as per general slicing is
also captured and stored for further use and the lymph nodes
are counted from the image analysis and are mapped to the
co-ordinates and nodal dissection takes place (304); and,
The specimen is sliced from left to right while enabling more
slicing at the boundaries of the tumor and while slicing the
tumor, the grittiness and the texture of the tumor are cap-
tured (305).
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[0130] FIG. 4 illustrates a flow diagram that provides the
steps involved in generating an analysis report of a gross-
examination sample after conducting an image analysis on
the sample, according to one embodiment herein. The
method comprises the following steps: Once the slicing is
done the robotic arm disengages and the tumor is held for
further clinical purposes (401); The tumor is then dissected
to obtain a block of tumor by the robotic arm as per the
grossing principles (402); A predefined full report is gener-
ated with all the necessary information (403); and, The
report and the block are sent for further clinical purposes
(404).

[0131] FIG. 5 illustrates a system that enables texture and
consistency analysis and reporting of a sample, according to
one embodiment herein. The system comprises an auto-
mated/manual robotic arm with 3D control 501, a module
with pressure/time/power gradient control coupled with
movement measurement technology 502 and a module for
measurement of resistance/movement traversed with outputs
based on programmed calculator for consistency. The
embodiment also comprises a module 504 with a standard-
ized scale with a validated score system to objectively
document the consistency and texture, that is reported auto-
matically with a pathologist/a technical expert interface to
minimize false negatives and errors. The embodiment also
comprises an artificial intelligence module 505 that com-
prises: input capturing in terms of force vs. movement vs.
time vs, texture and coupling with graded output for dis-
secting to robotic arm; data integration with image [Visual/
optical] vs. Scan [electromagnetic/piezoelectric/texture/ten-
sile and other properties; artificial intelligence based
algorithm for the forward and backward integration; and,
automated typing into the pre-formatted texting taking
inputs specific to organ.

[0132] FIG. 6 illustrates a system that enables the sensor-
blade technology in the robotic arm in the apparatus, accord-
ing to one embodiment herein. The system comprises a
module with an intact tissue sliced and the scanner inte-
grated with blade 601, a module with a feedback loop from
the technical interface/historical control/machine learning
controls the dissecting pressure and distance to be traversed
602, a module with a pressure too low that undercuts and be
augmented by positive feedback loop 603, a module with a
pressure too high that overcuts and be inhibited by negative
feedback loop 604; and a module with an accurate dissection
with texture/consistency oriented outputs, which are objec-
tive and quantifiable 605.

[0133] FIG. 7 illustrates a system that enables Lymph-
node plucking with the present apparatus, according to one
embodiment herein. The system comprises a Lymph-node
sample 701, a module with a 3D controlled human interface
enabled arm having inputs from the Imaging and. Scanning
integrated with pathologist inputs 702, a module with a
plurality of outputs to a plucker/rotator blade [not slicing,
which is unique] that plucks without damaging the surround-
ing tissues 703, a module with image based mapping of the
spherico ovaoidal structures, having high probabilistic
chances of being Lymph nodes and coordinates to be sent to
the robotic arm 704 and a final feedback loop coupled with
artificial intelligence makes the prediction better with
machine learning and technical interface for better nodal
yield 705. The plucking/circular cutting minimizes damage
to surroundings of the sample.
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[0134] FIG. 8 illustrates a system that enables a develop-
ment of predicting modeling tool for malignant potential
based on the final HPE to integrate for a routine imaging
with artificial intelligence, according to one embodiment
herein. The system comprises a module with grossing results
coupled with final HPE from the master database/computer,
which are specific to the tissues and organ 801, a module
with results of imaging/scanning from the database corre-
sponding to the specimen 802, a module comprising artifi-
cial intelligence based algorithm far machine learning to
predict the characters unique far malignant vs. benign tis-
sues 803 and final software that predicts malignant potential
at the scanning level itself in the live organisms/humans §04.

[0135] FIG. 9 illustrates a system for transferring infor-
mation from an ultrasonic generator to correlating software
for pathology image, according to one embodiment herein.
The system comprises a cloud module with data from USG
and final pathology from automated grossing machine 901,
a module for analysis of textures as measured, with resis-
tivity index 902, a module for analysis of image textures
from camera and ultrasound 903, a module to send for the
artificial algorithm for correlation to HPE 904, a module to
send for artificial intelligence platform for pattern recogni-
tion and validated outputs 905 and an image-pathological
correlating software.

[0136] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the embodi-
ments herein that others can, by applying current knowl-
edge, readily modify and/or adapt for various applications
such as specific embodiments without departing from the
generic concept, and, therefore, such adaptations and modi-
fications should and are intended to be comprehended within
the meaning and range of equivalents of the disclosed
embodiments. It is to be understood that the phraseology or
terminology employed herein is for the purpose of descrip-
tion and not of limitation. Therefore, while the embodiments
herein have been described in terms of preferred embodi-
ments, those skilled in the art will recognize that the
embodiments herein can be practiced with modifications.
However, all such modifications are deemed to be within the
scope of the claims.

[0137] The embodiments herein provide a system and
method for an automated apparatus for the gross examina-
tion of tissue sample. The embodiments herein enable an
accurate pathological dissection to obtain the samples of
ideal and relevant areas for processing. The automated
apparatus also increases accuracy and reduces false-positive
and false-negative results.

[0138] The automated apparatus helps a pathologist to
navigate to accurate and relevant zones in the specimen. The
output of present embodiment’s analysis is fed to a robotic
arm, which has three-dimensional blades for precise detec-
tion and dissection of the specimen to required sizes.

[0139] The embodiments herein provide a system for high
speed and automated Grossing-in of specimens, to reduce
the turn-around time.

[0140] The embodiments herein provide a system and
method to enable better lymph node harvesting technology,
which is an important event in the grossing in as the majority
of the technicians are semi-skilled and under trained. The
embodiments herein also assist the pathologists to enable
better lymph node harvesting technology with the help of
imaging and robotics techniques.
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[0141] The embodiments herein provide a system and
method to provide reproducible results, with objective
parameters and objectification of currently subjective issues
with minimum human interface and maximum accuracy.
[0142] The embodiments herein provides access to tech-
nologically qualified inputs to serve the remote areas, which
largely depend on tele-pathology and where grossing in
errors lead to major misdiagnosis.

[0143] The embodiments herein provide a system to
enable grossing of high volumes of specimens in limited
time with limited resources.

[0144] The embodiments herein provide a system and
method to enable accurate measurement and to prevent cross
contamination with help of automated and standardized
procedures.

[0145] The embodiments herein provide system and
method to enable digital documentation of the grossing
process for review and corrections.

[0146] The embodiments herein provide system and
method to enable better and uniform reporting of grossing-in
processes and results through artificial intelligence tech-
niques.

[0147] The embodiments herein reduce the risk accidental
infection to pathologist/technicians during grossing. The
embodiments herein further reduce skin and eye infections
due to exposure to formalin.

[0148] The apparatus herein is configured to significantly
increase accuracy in slicing the specimen and preserve the
integrity of gross specimen. The apparatus is configured to
avoid a lot of problems in grossing like wrong depth during
splicing, which are errors due inability to understand resis-
tivity and hardness of the specimens and increase the ability
to reach deep areas which are otherwise difficult to reach
such as areas close to vessels, deep lungs, intramural tumors
etc.

[0149] Itis also to be understood that the following claims
are intended to cover all of the generic and specific features
of the embodiments described herein and all the statements
of the scope of the embodiments which as a matter of
language might be said to fall there between.

What is claimed is:

1. A system for automatic gross-examination of tissue
samples, the system comprising;

a stainless steel bed,;

a piezoelectric glass lid;

a robotic arm;

a plurality of cameras;

an ultrasound equipment;

an ultrasound cleaning mechanism; and

a server,

wherein the ultrasound equipment is mounted on top of

the bed and the ultrasound technology is used to
accurately understand and detect the size and dimen-
sions of a tumor specimen that is studied, and wherein
the ultrasound equipment also automates the process of
cutting the specimen, wherein the surgical blades on the
robotic arm receive ultrasound output and accurately
slice the specimen for further analysis.

2. The system according to claim 1, wherein the stainless
steel bed is mounted with a piezoelectric glass on top for
receiving and placing a tissue sample, and wherein the
stainless steel bed is provided with a disposable cover for
each specimen, and wherein the stainless steel bed is con-
figured to slide out to avoid accidental injury and wherein
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the stainless steel bed is covered with a box having a
modular design, and wherein the box is provided with
lock-in mechanisms to ensure that all the parts are opened
and cleaned manually by an operator or a 1ab technician with
a minimal training.

3. The system according to claim 1, wherein a robotic arm
is configured to move in X-axis Y-axis and Z-axis is fixed to
the top of the box, and wherein a plurality of surgical blades
is mounted in the robotic arm, and wherein the plurality of
surgical blades are configured to be extended/protruded
outside during a dissection process and. wherein the plural-
ity of surgical blades are configured to be retracted back
inside the arm when not in use, and wherein a camera is
mounted on a 3D movable arm for accurate capturing of the
image for the detailing of the specimen, and wherein a
plurality of 3D movable cameras is provided to capture the
details of the specimen to be grossed, and wherein the
plurality of 2D cameras are similar in performance to naked
eye but with objectification, and wherein plurality of surgi-
cal blades arc medical grade blades.

4. The system according to claim 1, wherein the built-in
ultrasound cleaning mechanism is provided to keep the
instruments clean for a sequential processing.

5. The system according to claim 1, wherein the ultra-
sound equipment is configured to provide an output to
robotic arm, based on a command issued from the server
after the analysis by the pathologist and analytics from
server to cut and slice the sample for analysis, and wherein
the ultrasound equipment is configured to provide an output
to robotic arm for precise detection and dissection of speci-
men into cubes of preset sizes using the plurality of surgical
blades, and wherein the cubes are transferred with help of
robotic a n into automatic wax block for preparation, which
are then subjected to analysis.

6. The system according to claim 1, wherein an artificial
intelligence engine and machine learning modules are pro-
vided in the server to perform an analytics and to commu-
nicate the results to the apparatus from the server, and
wherein a plurality of classification and supervised learning
algorithms or models and digital pathology for collaboration
are employed in the analysis of the samples, and wherein an
artificial intelligence engine is provided in the server for
classification, probabilistic modeling and advanced image
analysis of gross-examination of tissues, and wherein the
analytical models are specific and customized to each type
of specimen being handled, and wherein processes including
automated image analysis, remote viewing, pathologists’
collaboration, standard image segmentation and storage
retrieval, are included in the system as a part of integrated
applications.

7. The system according to claim 1, wherein the server is
configured to evaluate the grossed specimen by superim-
posing the images acquired from Ultrasound/X ray/MRI or
approved modalities by medical bodies with pictorial images
of the same taken by conventional/digital imaging based on
an Al based correlation.

8. The system according to claim 1, wherein the robotic
arm is configured to standardize a consistency of the tissue
on a defined scale for uniform reporting with specified
material, using defined force and proportionate wedge angle
of knife/dissecting instrument/blade.

9. The system according to claim 1, wherein the robotic
aim is configured to perform an accurate pathological dis-
section to obtain the samples of ideal and relevant areas for
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processing with the help of image guided robotic navigation
of multidimensional blades/instruments, especially for the
margins and depth of suspected tissues.

10. The system according to claim 1, wherein the server
is configured to catty out an accurate Lymphnodal dissection
(plucking rather than cutting) with the help of imaging for
standardized yield and thereby preserving the specimen
architecture.

11. The system according to claim 1, wherein the server
is configured to create analytical models that are specific and
customized to each type of specimen being handled.

12. A method for automatic gross-examination of tissue
samples, the method comprising steps of:

identifying and recording information about a gross-

examination sample;

performing an image analysis of a gross-examination

sample; and

generating an analysis report of a gross-examination

sample after conducting an image analysis on the
sample.

13. The method according to claim 12, wherein the step
of identifying and recording, information about a gross-
examination sample comprises the following steps:

identifying a nomenclature and taxonomy of a specimen;

placing the specimen on the ultrasound bed laterally
depending on the size of the specimen;

stabilizing the specimen with a robotic arm and capturing

the measurements of the specimen by ultrasound tech-
nique;

videographing the specimen and recording a contour

shape of the specimen; and

analyzing measurements by pathologists using a server;,

wherein the measurements and shape of the specimen are

recorded in the database after an approval of the
measurements with the pathologists, and wherein the
pathologist modifies the measurements and wherein the
measurements and shape of the specimen are recorded
in the database, when the pathologists do not approve
the measurements.

14. The method according to claim 12, wherein an image
analysis of a gross-examination sample comprises the fol-
lowing steps:

analyzing the specimen by the ultrasound waves and

converting the waves into co-ordinates by a computer
algorithm;
capturing an image by a piezoelectric device with the help
of ultrasound waves and wherein the image is sent to
the image analysis algorithm for further analysis;

identifying a total size of the tumor in comparison to the
total size of the specimen acquired from the sonic
imaging;

identifying a location of the tumor with respect to bound-

aries from left to right;

slicing a size of the tumor as per general rules;

capturing and storing images of slicing for further use;

counting the lymph nodes from the image analysis;
mapping the lymph nodes to the co-ordinates; and
dissecting the lymph nodes;

wherein the specimen is sliced from left to right while

enabling more slicing at the boundaries of the tumor
and while slicing the tumor, the grittiness and the
texture of the tumor are captured.

15. The method according to claim 12, wherein the step
of generating an analysis report of a gross-examination
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sample after conducting an image analysis on the sample
comptises the following steps:

disengaging the robotic arm after the slicing; and

holding the tumor in the robotic arm for further clinical

purposes;
dissecting the tumor to obtain a block of tumor by the
robotic arm as per the grossing principles; and

generating a predefined report with all the necessary
information, and wherein the report and the block are
sent for further clinical purposes.

16. The method according to claim 12, further comprises
evaluating the grossed specimen by superimposing the
images acquired from Ultrasound/X ray/MRI or approved
modalities by medical bodies with pictorial images of the
same taken by conventional/digital imaging based on an Al
based correlation.

17. The method according to claim 12, further comprises
the steps of standardizing the consistency of the tissue on a
defined scale for uniform reporting by robotic arm with
specified material, using defined force and proportionate
wedge angle of knife/dissecting blade.

18. The method according to claim 12, further comprises
the steps of performing an accurate pathological dissection
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to obtain the samples of ideal and relevant areas for pro-
cessing with the help of image guided robotic navigation of
multidimensional blades/instruments, especially for the mar-
gins and depth of suspected tissues.
19. The method according to claim 12, further comprises
the steps of performing an accurate Lymphnodal dissection
(plucking rather than cutting) with the help of imaging for
standardized yield and thereby preserving the specimen
architecture.
20. The method according to claim 12, further comprises
the steps of:
performing a classification, a probabilistic modeling and
an advanced image analysis of gross-examination of
tissues by using an Artificial Intelligence engine;

creating the analytical models that are specific and cus-
tomized to each type of specimen being handled;

performing an accurate pathological dissection compris-
ing processes including automated image analysis,
remote viewing, pathologists’ collaboration and feed-
back loop, standard image segmentation storage
retrieval processes which are included to the system as
a part of the integrated applications.
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