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Identificavon of the nomenclatige and taxonomy of 8 specimen

- 282

Placement of the spectmen s on the ulrasound’ imaging’ scanning bed
lateratly depending on the size of the specimen

The spocimen s siabthized with a robolic anm and the measarements of
the specimen are captared by ultrasound/other measurable scanning

{ochnigues

T

Fhe specamen s videographed and confour shape 5 recorded, the process
resulls are sent {or nnage analyss / artibioial mtelhgence based processing
and bmage processing for funther superimposition

Measuremnents are analvyed by pathologists: when the pathologists
approve the measurements, the measarements and shape of the specimen
are recorded m the database. When the pathologsis do not approve the
measarements, the pathologist modifies the measurcinends and the
measurements and shape of the specimen are recorded m the database

FIG. 2
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K11}

The analysis of the specimen s carned out by the uliragsoumd waves! other
scanning technigques and the waves are converied mto co-ordinates by a
computer algorithun

- 302

An image is captured by g preroelectric deviee! other shimlar probe with
and the tnage 15 sent 10 the image analvsis algorghm for turther analysis

303

The totad size of the tumor versus the wotal size of the specimen 18
identified and the location of the tomor 1s identified with respect to is
houndsries speeific 1o the laterality

The size of the tumor as per general shomg s also caphred and stored for

further use and the bvnph nodes are counted from the mmaze analbysis and
are mapped o the co-ordinaies and nodal disscotion takes place

The specimaen s shieed from left to right while enabling more slicing at
the baundaries of the waar and whide shbosg the wwor, the grittness and
the iexture of the humor are captured

FI1G. 3
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481

Unce the sbang s done the robotic arm disengages and the tumor 15 held
for further clbucal purposes
« 442

The humor 1s then dissected 1o obtam 3 block of tumor by the robaotic arm
as per the grossmy principles

A predefined full report 18 generated with all the necessary miormation
434

The report and the block are sent for further chnwcal purposes
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I Auntomated / manual robotic
arm with 3D control

505 w

Input captuning m terms
of force vs movement vs
fime vs texture and
coupting with vraded
output for dissecting 1o
robotic arm

Pressure/nime fpower gradient
control coupled with
movement measurement
technology

Data Integration with
image | Visual/optical] vs

Scan [electromagnetic/ | Measurement of resistance /
piezoelectric/ movement traversed with
texture/tensie and other outputs based on programuned
propetties ] calculator for consistency
Artificial intelligence 504

based algonthm for the | b Standardized scale with validated

?-}171*- g B '}"‘-I'u"'*}' "4 | _ ) | _ . . " .
forward and backward score sysiem to objeciively document

the consistency and texture, that can
g0 for reporiing automatically with
expert | pathologist’ technical expert]

gegranon

Automated typmg inlo
the pre-formatted fexting
taking mputs specific (o
QTN

sterface [to nummize false negatives
and other errors}
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Intact tissue shiced | Feedback loop from the
and the scanner - J Technical mterface/ historical
intecrated with blade | control / machine leaming
- : conirols the dissecthing
pressare and distance {o be
iraversed

Pressare too hugh that can over Pressare t00 low that can

cut shall be mhubited by undercut shall be augmented by
negative feedback loop poasitive feadback {oop

Accurate dissection with texture/
consistency oriented outputs, which
are objective and quantifiable
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3D controlled human

interface enabled arm
ASS {  having mputs from the
: Imaging and Scanmmng
miegrated with pathologist
pULS

7842

Image based mapping of the | Outputs to a plocker! rotator

spherico ovacidal structures, - blade [not shicing, which 15
having high probabilistic uniquel], that plucks without
chances of bemg Lyvmph damagmg the swrounding

nodes and coordinates o be LEssues
sent {0 the robotic arm ' '
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The final feedback loop coupled with arttficial mrelhpence makes

the prediction better with machme leammg and techmceal mtertace

tor better nodal yield. The plucking’ circular cutting shall minimize
damage to surroundings
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Results of umagmg |
scanning from the

{rrossing results coupled with hinal
HPE from the master database!
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Orean the specimen

Final sottware that can predict Artsficial Intelligence based
alcorsthm for machine

learning to predict the

mahignant potential at the
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the cloud

Analyais of texiures as Ansalysis of image textures from
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SYSTEM AND METHOD FOR AUTOMATED
GROSS EXAMINATION OF TISSUES

CROSS-REFERENCE TO RELATED
APPLICATIONS D

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, 20135 with
the number 5663/CHE/2015 and entitled, “AN AUTO- 10
MATED APPARATUS AND METHOD FOR GROSS
EXAMINATION OF TISSUES”, and the contents of which
are included 1n 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 15

and entitled “SYSTEM AND METHOD FOR AUTO-
MATED GROSS EXAMINATION OF TISSUES”, and the
contents ol which are included 1n entirety as reference
herein. The present application 1s a national phase applica-

tion filed in continuation to the PCT application with serial 2Y
number PCT/IN/2016/000275 filed on Nov. 18, 2016.

BACKGROUND
Technical Field 25

The embodiments herein are generally related to pathol-
ogy grossing. The embodiments herein are particularly
related to objective and reproducible inspection, image
analysis and automated processing of pathological speci- 30
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 1mage analysis tech-
niques and artificial intelligence. 35

Description of the Related Art

To accurately diagnose various diseases and conditions,
medical personnel remove one or more samples of tissue 40
from the body of a patient. This process of harvesting tissue
from the body 1s known as a biopsy. Once the tissue sample
or samples are removed and sent to a pathological labora-
tory, the tissue 1s passed/processed through a series of
procedures performed by a histo-technician and, ultimately, 45
a pathologist, 1n order to diagnose the tissue. Once a tissue
sample 1s removed from the body of a patient, the sample 1s
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 50
known as “grossing-in’" 1n the pathological lab during which
a histo-technician retrieves the tissue sample from the con-
tainer, typically cuts the tissue sample :1nto appropriate sizes
for tissue processing, places individual samples into the
appropriate sized small plastic tissue cassettes and assigns 55
tracking numbers to each cassette. These tracking numbers
are then logged 1nto a tracking system used in the laboratory.

However, there 1s an immense need for the focus on
grossing as grossing 1s a key step from where the entire story
of pathological specimen processing begins. Grossing-in 60
being the first step and most critical step mmvolving histo-
technicians/pathologists expertise and experience, any error
at this stage severely and adversely aflect the entire process
ol pathological testing and reporting.

All the current innovations till date have been dealing 65
with post grossed specimen. The 1dentification of key sus-
pected or pathological areas 1s a crucial step 1n grossing; and

2

this step 1s not currently standardized as it relies on visual
inspection and palpation of specimen, both of which are
highly subjective. Any error in 1dentification of “accurate/
relevant area” will lead to a completely erroneous report,
which endangers the “pathological quality” there by aflect-
ing climical decision-making for patient care.

Currently used mnovations deal with post-grossed speci-
men. The grossing-in step 1s currently not standardized and
largely relies on visual mspection and palpation of speci-
men, 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 eflecting clinical decision making for
patient care.

The current methods of pathological grossing are not
cllective for deeply embedded tumors 1n view of limitation
of visual inspection and palpitation. The current method also
poses a risk of accidental injury and/or infection to patholo-
o15st.

The average number of pathological specimens grossed
globally 1s close to 50 Million with a huge deficiency of the
trained histo-technicians, thereby making the step of Gross-
ing highly vulnerable. The average time taken for the expert
technician to gross the specimen 1s approximately thirty
minutes. With this big gap of time, expertise and the quality
of reporting, only a compromised report 1s expected to get.

Hence there 1s a need for a more objective, accurate,
reproducible and automated way, which 1s driven by artifi-
cial intelligence technology and endorsed by trained
pathologist before proceeding—using double check mecha-
nism, for a gross examination of the tissue samples. There 1s
also an 1mmense need for the high speed and automated
Grossing-in of specimens; a lymph node harvesting tech-
nology which 1s addressed with a help of imaging and
robotics, as lymph node harvesting technology 1s an impor-
tant event in the grossing 1n 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 1n errors lead to major misdiagnosis; ability to
oross 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.

Hence there 1s a need for an automated apparatus and
method for gross examination of tissue samples. Further
there 1s a need for an automated apparatus and method
linked with Artificial Intelligence Engine for classification,
probabilistic modelling, and advanced image analysis (1m-
age mining, speech recognition) processes. Still further there
1s 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 1s 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 1s a need
for an automated apparatus and method for grossly reducing
the time with help of robotics, 1n view of the high volumes
of the specimen loads.

The above mentioned shortcomings, disadvantages and
problems are addressed herein, which will be understood by
reading and studying the following specification.
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3
OBJECTS OF THE EMBODIMENTS

The primary object of the embodiments herein 1s to
provide an automated apparatus and method for gross
examination of tissue samples.

Another object of the embodiments herein 1s to provide an
automated apparatus and method connected to an artificial
intelligence engine for classification, probabilistic modeling,
advanced image analysis such as 1image mining and speech
recognition processes during the gross examination of tissue
samples.

Yet another object of the embodiments herein 1s to pro-
vide 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.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method that reduces a risk
ol accidental infection to pathologist or technicians during
grossing, and reduces a skin and eye infection due to
exposure to formalin.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method with the ultrasound
equipment and other 1maging techniques to automate the
process of cutting the specimen by providing output from
ultrasound equipment and other 1imaging techniques to the
robotic surgical blades to accurately slice a specimen for
turther analysis.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for more accurate
pathological dissection, to get the samples of 1deal/relevant
areas for processing.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method to 1ncrease accu-
racy and to reduce false-positive and false-negatives.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method to help the patholo-
gist to navigate to accurate and relevant zones in the
specimen.

Yet another object of the embodiments herein 1s to harvest
a maximum number of nodes.

Yet another object of the embodiments herein 1s to reduce
a time taken for grossing process.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method with a robotic arm,
which has three dimensional blades for precise detection and
dissection of the specimen of cubes.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for processing
tissue before performing an automated slide review.

Yet another object of the embodiments herein 1s o provide
an automated apparatus and method for gross processing of
tissue with the help of robotics and artificial intelligence.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing of tissue i1n an enclosed atmosphere to prevent an
exposure ol pathologist to formalin and risk of infections
and accidental injuries during “grossing” process.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing of tissue with a unique way of capturing and integrating
the 1mage coupled with transferring the data uniquely to
robot to perform tissue grossing process.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing of tissue with an 1mage analysis application and tech-
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4

niques that are applied to objectivize the subjective
pathologist reading in a reproducible manner at a stage when
a labeled specimen enters grossing-in.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing 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 mimng
algorithms.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing, which 1s imnvolved only 1n slicing and block preparation
called Grossing).

Yet another object of the embodiments herein 1s to pro-
vide an ultrasound cleaning mechanism built-in 1n the auto-
mated apparatus and method for gross processing of tissue,
to keep the mstruments clean for a sequential processing.

Yet another object of the embodiments herein 1s to pro-
vide aa automated apparatus for gross processing with a box
like structure having a lock-1n mechanism thereby enabling
a cleaning of all parts eflectively and ethiciently.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus for gross processing having
Classification (supervised learming) algorithms/models, and
Digital pathology for collaboration.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus for gross processing in which
a data mining and analytics are carried out at server level.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing 1n a safe manner to reduce the risk accidental infection
to pathologist/technicians during grossing.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for gross process-
ing 1n a sale manner to reduce skin and eye infections due
to exposure to formalin.

Yet another object of the embodiments herein 1s to pro-
vide an automated apparatus and method for significantly
increasing an accuracy in slicing of the specimen and
preserving the mtegrity of gross specimen.

Yet another object of the embodiments herein 1s to pro-
vide an automated grossing apparatus and method to avoid
a lot of problems in grossing like wrong depth during
splicing (errors due to mability 1n understanding a resistivity
and hardness of the specimen).

Yet another object of the embodiments herein 1s to pro-
vide an automated grossing apparatus and method to
increases an ability to reach deep areas such as areas close
to vessels, deep lungs, itramural tumors etc. which are
otherwise diflicult to reach.

Yet another object of the embodiments herein 1s to pro-
vide an automated grossing apparatus and method integrated
with analytic engine, robotic arm, ultrasound mechanism
and mobile computing technology.

Yet another objective of the embodiments herein 1s to
provide a system and method for enabling additional rein-
forcement of the measurements by the indirect measurement
techniques like USG, X-Rays, NMR imaging tools for
accurate and automated interpretation of gross-examination.

Yet another objective of the embodiments herein 1s to
automate the process of gross-examination by employing a
combination of a plurality of technologies such as robotics,
analytics, ultrasound, mobile computing etc.

Yet another objective of the embodiments herein 1s to
automate the process of gross-examination by enabling
storage of information pertaining to gross-examination on an
external server.
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Yet another objective of the embodiments herein 1s to
automate the process of gross-examination through machine

learning algorithms and methodologies.

Yet another objective of the embodiments herein 1s 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.

Yet another objective of the embodiments herein 1s to
provide a system and method of standardizing the consis-
tency 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”.

Yet another objective of he embodiments herein 1s to
provide a system and method for accurate pathological
dissection to obtain the samples of 1deal and relevant areas
for processing with the help of 1mage guided robotic navi-
gation of multidimensional blades/instruments, especially
for the margins and depth of suspected tissues.

Yet another objective of the embodiments herein 1s to
provide a system and method for an accurate Lymph dis-
section (plucking rather than cutting) with the help of
imaging for standardized yield and thereby preserving the
specimen architecture.

Yet another objective of the embodiments herein 1s to
provide a system which 1s linked with an Artificial Intelli-
gence engine for classification, probabilistic modeling and
advanced 1image analysis of gross-examination of tissues, 1s
provided.

Yet another objective of the embodiments herein 1s to
provide a system and method fix creating analytical models
that are specific and customized to each type of specimen
being handled.

Yet another objective of the embodiments herein 1s 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 i1mage segmentation, storage
retrieval etc. which are included in the system as a part of the
integrated applications.

These and other objects and advantages of the embodi-
ments herein will become readily apparent from the follow-
ing detalled description taken in conjunction with the
accompanying drawings.

SUMMARY

The various embodiments herein provide system and
method for an automated apparatus for the gross examina-
tion of tissue sample.

According to one embodiment herein, an automated appa-
ratus for the gross examination of tissue sample 1s provided.
The apparatus 1s of cubicle or rectangular shape comprising
a bed where the specimen 1s placed, an ultrasound equip-
ment 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 1n the cubicle box and mounted 1n 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 1s used to accu-
rately understand the specimen, size and dimensions of a
tumor that 1s studied. The ultrasound equipment also assists
in the automation of the process of cutting the specimen. The
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6

surgical blades receive ultrasound output and accurately
slice the specimen for further analysis.

According to one embodiment herein, a precision 1nstru-
ment, which 1s linked with an Artificial intelligence engine
for classification, probabilistic modeling and advanced
image analysis ol gross-examination of tissues, 1s provided.
All these are analytical models that are specific and custom-
1zed to each type of specimen being handled. Processes such
as automated 1mage analysis, remote viewing, pathologists’
collaboration, standard 1mage segmentation, storage
retrieval etc. are included in the system as a part of the
integrated applications.

According to one embodiment herein, an apparatus for
ecnabling automated gross-examination of tissues 1s 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 1s provided with a disposable cover for each specimen.
The Bed 1s configured to slide out and when bed 1s outside,
to avoid accidental mjury. 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.

According to one embodiment herein, the apparatus 1s
provided with a built-in ultrasound cleaning mechanism to
keep the mstruments clean for a sequential processing.

According to one embodiment herein, the box 1s formed
or fabricated 1n three sizes of 30/60/90 sqgcm with bed
arranged at a 24rd height from the base. The bed 1s provided
on top with a piezoelectric glass mounted with the ultra-
sound equipment. The bed 1s connected with a motor for
rotating the bed for assisting the dissection process of
grossing-in and enable i1maging 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 1s arranged or configured to cover an entire
surface area on top of the bed. Alternatively the ultrasound
equipment 1s arranged as an array for covering specimen per
sqmm.

According to one embodiment herein, the robotic arm 1s
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 1s
sliced, the blades are cleaned with an ultrasound mechanism.
The equipment 1s provided with an automatic cleaning
facility arranged inside and i1s cleaned later manually. 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 1s mput 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.

According to one embodiment herein, any analytics on Al
and Machine learning 1s carried out in the server and the
results are communicated the apparatus from the server. A
plurality of classification (supervised learning) algorithms/
models, and Dagital pathology for collaboration are
employed 1n the analysis of the samples.

According to one embodiment herein, the apparatus is
configured to perform automatic process of grossing of
tissues by integrating the technologies of data mining,
analytics, robotics, ultrasound and mobile computing.




US 11,781,947 B2

7

According to one embodiment herein, the apparatus 1s
configured to storage data/information related to gross-
examination of tissue samples on an external server.

According to one embodiment herein, a method 1s pro-
vided with the steps involved 1n a preliminary identification
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 1s on the ultrasound bed laterally
depending on the size of the specimen; The specimen 1is
stabilized with a robotic arm and the measurements of the
specimen are captured by ultrasound technique; The speci-
men 1s video graphed and contour shape 1s 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.

According to one embodiment herein, a method 1s pro-
vided 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 1s carried out by the
ultrasound waves and the waves are converted into co-
ordinates by a computer algorithm; An 1mage 1s captured by
a piezoelectric device with the help of ultrasound waves and
the 1mage 1s sent to the 1mage analysis algorithm for further
analysis; The total size of the tumor versus the total size of
the specimen 1s 1dentified from the sonic imaging and the
location of the tumor 1s 1dentified with respect to its bound-
aries from left to right; The size of the tumor as per general
slicing 1s 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 1s 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.

According to one embodiment herein, a method 1s pro-
vided with the steps mvolved 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 1s done the robotic arm disengages and the tumor 1s
held for further clinical purposes; The tumor 1s then dis-
sected to obtain a block of tumor by the robotic arm as per
the grossing principles; A predefined full report 1s generated
with all the necessary information; and, The report and the
block are sent for further clinical purposes.

According to one embodiment herein, a system 1s pro-
vided to enable texture and consistency analysis and report-
ing of a sample. The system comprises automated/manual
robotic arm with 3D control, a module with pressure/time/
power gradient control coupled with movement measure-
ment technology and a module for measurement of resis-
tance/movement traversed with outputs based on
programmed calculator for consistency. The embodiment
also comprises a module with a standardized scale with a
validated score system to objectively document the consis-
tency and texture, that i1s reported automatically with a
pathologist/a technical expert interface to mimmize 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 [elec-
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tromagnetic/piezoelectric/texture/tensile and other proper-
ties; artificial intelligence based algorithm for the forward.
and backward integration; and, automated typing into the
pre-formatted testing taking inputs specific to organ.
According to one embodiment herein, a system 1s pro-
vided to enable sensor-blade technology 1n 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.

According to one embodiment herein, a system 1s pro-
vided 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 puts from the Imaging and Scanning integrated
with pathologist mputs, a module with a plurality of outputs
to a plucker/rotator blade [not slicing, which 1s unique] that
plucks without damaging the surrounding tissues, a module
with 1mage 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.

According to one embodiment herein, a system 1s pro-
vided to enable a development of predicting modeling tool
for malignant potential based on the final HPE to integrate
for a routine 1imaging with artificial intelligence. 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, a module with results of 1imaging/
scanning {rom the database corresponding to the specimen,
a module comprising artificial intelligence 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 1tself 1n the live
organisms/humans.

According to one embodiment herein, a system 1s pro-
vided for transferring information from an ultrasonic gen-
erator to correlating soiftware 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 1mage 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 1mage-pathological correlating software.

According to an embodiment herein, a system 1s config-
ured to evaluate 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 a Al
based correlation.

According to an embodiment herein, a system 1s config-
ured to standardize the consistency of the tissue on a defined
scale for uniform reporting by “robotic arm—with specified
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material, using defined force and proportionate wedge angle
ol knife/dissecting instrument™.

According to an embodiment herein, a system 1s config-
ured to perform an accurate pathological dissection to obtain
the samples of 1deal and relevant areas for processing with
the help of image guided robotic navigation of multidimen-
sional blades/instruments, especially for the margins and
depth of suspected tissues.

According to an embodiment herein, a system 1s config-
ured to carry out an accurate Lymphnodal dissection (pluck-
ing rather than cutting) with the help of 1imaging for stan-
dardized vyield and thereby preserving the specimen
architecture.

According to an embodiment herein, a system 1s linked
with an Arftificial Intelligence engine for classification,
probabilistic modeling and advanced i1mage analysis of
gross-examination of tissues.

According to an embodiment herein, the system 1s further
configured to create analytical models that are specific and
customized to each type of specimen being handled.

According to an embodiment herein, the system 1s further
configured to perform accurate pathological dissection com-
prising processes such as automated 1image analysis, remote
viewing, pathologists® collaboration and feedback loop,
standard 1mage segmentation, storage retrieval etc. which
are included m the system as a part of the integrated
applications.

According to an embodiment herein, a method further
comprises evaluating the grossed specimen by superimpos-
ing 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.

According to art embodiment herein, the method 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 pro-
portionate wedge angle of knife/dissecting instrument™.

According to an embodiment herein, the method further
comprises the steps of performing an accurate pathological
dissection to obtain the samples of 1deal and relevant areas
for processing with the help of 1image guided robotic navi-
gation ol multidimensional blades/instruments, especially
for the margins and depth of suspected tissues.

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 vield and thereby preserving the
specimen architecture.

According to an embodiment herein, the method further
comprises the steps for performing a classification, a proba-
bilistic modeling and an advanced image analysis of gross-
examination of tissues by using an Artificial Intelligence
engine.

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.

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

These and other aspects of the embodiments herein waill
be better appreciated and understood when considered in
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conjunction with the following description and the accom-
panying drawings. It should be understood, however, that
the following descriptions, while indicating preferred
embodiments and numerous specific details thereotf, 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 spirt
thereof and the embodiments herein include all such modi-
fications.

BRIEF DESCRIPTION OF THE DRAWINGS

The other objects, features and advantages will occur to
those skilled 1n the art from the following description of the

preferred embodiment and the accompanying drawings in
which:

FIG. 1 illustrates a perspective view of an apparatus for

automatic gross-examination of tissue samples, according to
one embodiment herein.

FIG. 2 illustrates a flow diagram that provides the steps
involved 1n a preliminary identification and recording infor-
mation about a gross-examination sample, according to one
embodiment herein.

FIG. 3 illustrates a flow diagram that provides the steps
involved 1 an image analysis of a gross-examination
sample, according to one embodiment herein.

FIG. 4 illustrates a flow diagram that provides the steps
involved 1n generating an analysis report of a gross-exami-
nation sample after conducting an 1mage analysis on the
sample, according to one embodiment herein.

FIG. 5 illustrates a system that enables texture and con-
sistency analysis and reporting of a sample, according to one
embodiment herein.

FIG. 6 illustrates a system that enables the sensor-blade
technology 1n the robotic arm 1n the apparatus, according to
one embodiment herein.

FIG. 7 illustrates a system that enables Lymph-node
plucking with present apparatus, according to one embodi-
ment herein.

FIG. 8 1llustrates a system that enables a development 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.

FIG. 9 illustrates a system for transierring information
from an ultrasonic generator to correlating software for
pathology 1mage, according to one embodiment herein.

Although the specific features herein are shown 1n some
drawings and not in others. This 1s done for convenience
only as each feature may be combined with any or all of the
other features 1n accordance Faith the embodiments herein.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In the following detailed description, a reference 1s made
to the accompanying drawings that form a part hereof, and
in which the specific embodiments that may be practiced 1s
shown by way of illustration. These embodiments are
described 1n suflicient detail to enable those skilled 1n the art
to practice the embodiments and 1t 1s to be understood that
other changes may be made without departing from the
scope of the embodiments. The following detailed descrip-
tion 1s therefore not to be taken 1n a limiting sense.

The various embodiments herein provide system and
method for an automated apparatus for the gross examina-
tion of tissue sample.
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According to one embodiment herein, an automated appa-
ratus for the gross examination of tissue sample 1s provided.
The apparatus 1s of cubicle or rectangular shape or other
suitable shape comprising a bed where the specimen 1s
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 1n 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 1s
used to accurately understand the specimen, size and dimen-
sions of a tumor that 1s 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.

According to one embodiment herein, a precision instru-
ment, which 1s linked with an Artificial Intelligence engine
for classification, probabilistic modeling and advanced
image analysis ol gross-examination of tissues, 1s provided.
All these are analytical models that are specific and custom-
1zed to each type of specimen being handled. Processes such
as automated 1mage analysis, remote viewing, pathologists’
collaboration, standard 1mage segmentation, storage
retrieval etc. are included in the system as a part of the
integrated applications.

According to one embodiment herein, an apparatus for
cnabling automated gross-examination of tissues 1s 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 1s provided with a disposable cover for each specimen.
The Bed 1s configured to slide out and when bed 1s outside,
to avoid accidental mjury. 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.

According to one embodiment herein, the apparatus 1s
provided with a built-in ultrasound cleaning mechanism to
keep the instruments clean for a sequential processing.

According to one embodiment herein, the box 1s formed
or fabricated in three sizes of 30/60/90 sqcm with bed
arranged at a %3rd height from the base. The bed 1s provided
on top with a piezoelectric glass mounted with the ultra-
sound equipment. The bed 1s connected to a motor for
rotating the bed for assisting the dissection process of
grossing-in and 1imaging 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 traiming. The ultrasound equip-
ment 1s arranged or configured to cover an entire surface
arca on top of the bed. Alternatively the ultrasound equip-
ment 1s arranged as an array for covering specimen per
sqmm.

According to one embodiment herein, the robotic arm 1s
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 1s
sliced, the blades are cleaned with an ultrasound mechanism.
The equipment 1s provided with an automatic cleaning
tacility arranged inside and 1s cleaned later manually. An
output of ultrasound 1s input to robotic arm, based on the
command 1ssued from the server after the analysis by the
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pathologist and analytics from server to cut and slice the
sample for analysis. The output of ultrasound 1s put 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.

According to one embodiment herein, any analytics on Al
and Machine learning 1s carried out in the server and the
results are communicated the apparatus from the server. A
plurality of classification (supervised learning) algorithms/
models, and Dagital pathology for collaboration are
employed 1n the analysis of the samples.

According to one embodiment herein, the apparatus 1s
configured to perform automatic process of grossing of
tissues by integrating the technologies of data mining,
analytics, robotics, ultrasound and mobile computing.

According to one embodiment herein, the apparatus is
configured to storage data/information related to gross-
examination of tissue samples on an external server.

According to an embodiment herein, a system 1s config-
ured to evaluate 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.

According to an embodiment herein, a system 1s config-
ured 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”.

According to an embodiment herein, a system 1s config-
ured to perform an accurate pathological dissection to obtain
the samples of 1deal and relevant areas for processing with
the help of image guided robotic navigation of multidimen-
sional blades/instruments, especially for the margins and
depth of suspected tissues.

According to an embodiment herein, a system 1s config-
ured to carry out an accurate Lymphnodal dissection (pluck-
ing rather than cutting) with the help of imaging for stan-
dardized vyield and thereby preserving the specimen
architecture.

According to an embodiment herein, a system 1s linked
with an Artificial Intelligence engine for classification,
probabilistic modeling and advanced image analysis of
gross-examination of tissues.

According to an embodiment herein, the system 1s further
configured to create analytical models that are specific and
customized to each type of specimen being handled.

According to an embodiment herein, the system 1s further
configured to perform accurate pathological dissection com-
prising processes such as automated 1image analysis, remote
viewing, pathologists® collaboration and feedback loop,
standard 1mage segmentation, storage retrieval etc. which
are included 1n the system as a part of the integrated
applications.

According to an embodiment herein, a method further
comprises evaluating the grossed specimen by superimpos-
ing 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.

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 pro-
portionate wedge angle of knife/dissecting nstrument™.
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According to an embodiment herein, the method further
comprises the steps of performing an accurate pathological
dissection to obtain the samples of 1deal and relevant areas
tur processing with the help of 1image guided robotic navi-
gation of multidimensional blades/instruments, especially
for the margins and depth of suspected tissues.

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 vyield and thereby preserving the
specimen architecture.

According to an embodiment herein, the method further
comprises the steps for performing a classification, a proba-
bilistic modeling and an advanced image analysis of gross-
examination of tissues by using an Artificial Intelligence
engine.

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.

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

FIG. 1 illustrates a perspective view of an apparatus 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 1is
provided. The apparatus 1s of cubicle shaped box comprising
a bed 110 where the specimen 108 1s placed. An ultrasound
equipment 1s mounted on top of the bed 110 and a robotic
arm 102 capable of moving 1n X-axis, Y-axis and Z-axis 1s
fixed to the top of the box. A plurality of surgical blades 1s
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 1s used to accurately understand/detect the speci-
men, size and dimensions of a tumor that 1s studied. The
ultrasound equipment also automates the process of cutting
the specimen 108. The surgical blades receive ultrasound
output and accurately slice the specimen for further analysis.
A camera 1044, 1s mounted on 3 D movable arm for accurate
capturing of the image for the detailing of the specimen. A
plurality of 3D movable cameras 104,104q, 1045 1s provided
to capture the details of the specimen to be grossed, similar
to naked eye but with objectification.

According to one embodiment herein, a precision nstru-
ment, which 1s linked with an Artificial Intelligence engine
for classification, probabilistic modeling and advanced
image analysis of gross-examination of tissues, 1s provided.
All these are analytical models that are specific and custom-
1zed to each type of specimen being handled. Processes such
as automated image analysis, remote viewing, pathologists’
collaboration, standard 1mage segmentation, storage
retrieval etc. are included in the system as a part of the
integrated applications.

According to one embodiment herein, the apparatus com-
prises stainless steel bed 110 for placing the tissue sample.
The bed 1s mounted with a piezo electric glass 112 on top.
A ultrasound equipment 1s mounted on the bed. The retract-
able robotic blades are provided. The Stainless steel bed 110
1s provided with a disposable cover for each specimen. The
Bed 110 1s configured to slide out and when bed 1s outside,
to avoid accidental injury. The blades are retracted inside
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robotic arm, when not in use. Only on completion of
ultrasound and confirmation. by pathologist, the blades are
extended out of the robotic arm.

According to one embodiment herein, the apparatus 1s
provided with a built-in ultrasound cleaning mechamsm to
keep the instruments clean for a sequential processing.

According to one embodiment herein, the box 1s formed
or fabricated in three sizes of 30/60/90 sqcm 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 traiming. The ultrasound
equipment 1s arranged or configured to cover an entire
surface area on top of the bed. Altermatively the ultrasound
equipment 1s arranged as an array for covering specimen per
sqmm.

According to one embodiment herein, the robotic arm 1s
mounted 102 with medical grade surgical blades (like scal-
pel) with a retractable mechanism for safety. The 3 blades
are configured to cover X-Y-Z axes As soon as the specimen
1s sliced, the blades are cleaned with an ultrasound mecha-
nism. The equipment 1s provided with an automatic cleaning
facility arranged inside and i1s cleaned later manually. An
output of ultrasound 1s iput 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 1s put 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.

According to one embodiment herein, any analytics 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) algo-
rithms/models, and Digital pathology for collaboration are
employed 1n the analysis of the samples.

FIG. 2 illustrates a flow diagram that provides the steps
involved 1n a preliminary 1dentification and recording infor-
mation about a gross-examination sample, according to one
embodiment herein. The method comprises the following
steps: Identification. of the nomenclature and taxonomy of a
specimen (201); Placement of the specimen 1s on the ultra-
sound bed laterally depending on the size of the specimen
(202). The specimen 1s stabilized with a robotic arm and the
measurements of the specimen are captured by ultrasound
technique (203); The specimen 1s videographed and contour
shape 1s recorded (204); and, Measurements are analyzed by
pathologists; when the pathologists approve the measure-
ments, 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 1n the database (205).

FIG. 3 illustrates a flow diagram that provides the steps
involved in an i1mage analysis of a gross-examination
sample, according to one embodiment herein. The method
comprises the following steps: The analysis of the specimen
1s carried out by the ultrasound waves and the waves are
converted 1nto co-ordinates by a computer algorithm (301);
An 1mage 1s captured by a piezoelectric device with the help
of ultrasound waves and the image 1s sent to the image
analysis algorithm for further analysis (302); The total size
of the tumor versus the total size of the specimen 1is
identified from the sonic imaging and the location of the
tumor 1s 1dentified with respect to 1ts boundaries from left to
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right (303); The size of the tumor as per general slicing 1s
also captured and stored for further use and the lymph nodes
are counted from the 1image analysis and are mapped to the
co-ordinates and nodal dissection takes place (304); and,
The specimen 1s sliced from leit 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).

FIG. 4 illustrates a tlow diagram that provides the steps
involved 1n generating an analysis report of a gross-exami-
nation sample after conducting an 1mage analysis on the
sample, according to one embodiment herein. The method
comprises the following steps: Once the slicing 1s done the
robotic arm disengages and the tumor 1s held for further
clinical purposes (401); The tumor 1s then dissected to obtain
a block of tumor by the robotic arm as per the grossing
principles (402); A predefined full report 1s generated with
all the necessary information (403); and, The report and the
block are sent for further clinical purposes (404).

FIG. 5 1llustrates a system that enables texture and con-
sistency analysis and reporting of a sample, according to one
embodiment herein. The system comprises an automated/
manual robotic arm with 3D control 501, a module with
pressure/time/power gradient control coupled with move-
ment measurement technology 502 and a module for mea-
surement ol resistance/movement traversed with outputs
based on programmed calculator for consistency. The
embodiment also comprises a module 504 with a standard-
1zed scale with a validated score system to objectively
document the consistency and texture, that 1s reported auto-
matically with a pathologist/a technical expert interface to
mimmize false negatives and errors. The embodiment also
comprises an artificial intelligence module 505 that com-
prises: mput 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.

FIG. 6 illustrates a system that enables the sensor-blade
technology 1n the robotic arm 1n the apparatus, according to
one embodiment herein. The system comprises a module
with an 1ntact tissue sliced and the scanner integrated with
blade 601, a module with a feedback loop from the technical
interface/historical control/machine learming 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
teedback loop 604; and a module with an accurate dissection
with texture/consistency oriented outputs, which are objec-
tive and quantifiable 605.

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 mputs 702, a module with a
plurality of outputs to a plucker/rotator blade [not slicing,
which 1s unique] that plucks without damaging the surround-
ing tissues 703, a module with 1image based mapping of the
spherico ovaoidal structures, having high probabailistic
chances of being Lymph nodes and coordinates to be sent to
the robotic arm 704 and a final feedback loop coupled with
artificial 1ntelligence makes the prediction better with

10

15

20

25

30

35

40

45

50

55

60

65

16

machine learning and technical interface for better nodal
yield 705. The plucking/circular cutting minimizes damage
to surroundings of the sample.

FIG. 8 illustrates a system that enables a development 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 sys-
tem 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 1imaging/scanning from the database corresponding to the
specimen 802, a module comprising artificial intelligence
based algorithm far machine learning to predict the charac-
ters unique far malignant vs. benign tissues 803 and final
soltware that predicts malignant potential at the scanning
level 1tself 1n the live organmisms/humans 804.

FIG. 9 illustrates a system for transierring information
from an ultrasonic generator to correlating software for
pathology 1image, 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 resistivity
index 902, a module for analysis of 1image 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 platiorm for pattern recogni-
tion and validated outputs 905 and an 1mage-pathological
correlating software.

The foregoing description of the specific embodiments
will so fully reveal the general nature of the embodiments
herein that others can, by applying current knowledge,
readily modily and/or adapt for various applications such as
specific embodiments without departing from the generic
concept, and, therefore, such adaptations and modifications
should and are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodi-
ments. It 1s to be understood that the phraseology or termi-

nology employed herein is for the purpose of description and
not of limitation. Therefore, while the embodiments herein
have been described in terms of preferred embodiments,
those skilled 1n 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.

The embodiments herein provide a system and method for
an automated apparatus for the gross examination of tissue
sample. The embodiments herein enable an accurate patho-
logical dissection to obtain the samples of 1deal and relevant
areas for processing. The automated apparatus also increases
accuracy and reduces false-positive and false-negative
results.

The automated apparatus helps a pathologist to navigate
to accurate and relevant zones 1n the specimen. The output
ol present embodiment’s analysis 1s fed to a robotic arm,
which has three-dimensional blades for precise detection
and dissection of the specimen to required sizes.

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

The embodiments herein provide a system and method to
enable better lymph node harvesting technology, which 1s an
important event in the grossing in as the majority of the
technicians are semi-skilled and under trained. The embodi-
ments herein also assist the pathologists to enable better
lymph node harvesting technology with the help of imaging

and robotics techniques.
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The embodiments herein provide a system and method to
provide reproducible results, with objective parameters and
objectification of currently subjective 1ssues with minimum
human interface and maximum accuracy.

The embodiments herein provides access to technologi-
cally qualified mputs to serve the remote areas, which
largely depend on tele-pathology and where grossing in
errors lead to major misdiagnosis.

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

The embodiments herein provide a system and method to
enable accurate measurement and to prevent cross contami-
nation with help of automated and standardized procedures.

The embodiments herein provide system and method to
cnable digital documentation of the grossing process for
review and corrections.

The embodiments herein provide system and method to
enable better and uniform reporting of grossing-in processes
and results through artificial intelligence techniques.

The embodiments herein reduce the risk accidental infec-
tion to pathologist/technicians during grossing. The embodi-
ments herein further reduce skin and eye infections due to
exposure to formalin.

The apparatus herein 1s configured to significantly
increase accuracy in slicing the specimen and preserve the
integrity of gross specimen. The apparatus 1s configured to
avoid a lot of problems 1n grossing like wrong depth during
splicing, which are errors due 1nability to understand resis-
tivity and hardness of the specimens and increase the ability
to reach deep arecas which are otherwise diflicult to reach
such as areas close to vessels, deep lungs, intramural tumors
etc.

It 1s 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 1s claimed 1s:

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

a stainless steel bed for placing a tissue sample;

a piezoelectric glass lid mounted on the top of the

stainless steel bed:

a robotic arm, wherein the robotic arm comprises a
plurality of surgical blades and wherein the surgical
blades are configured to accurately slice a tumor speci-
men for analysis;

a plurality of cameras configured to take videographs of
the tumor specimen;

an ultrasound cleaning mechamism, and wherein the ultra-
sound cleaning mechanism 1s provided to keep a plu-
rality of instruments clean for a sequential processing;

a server; and

an ultrasound equipment mounted on top of the stainless
steel bed for detecting a size and a dimension of the
tumor specimen, and wherein the ultrasound equipment
1s also configured to automate a process of cutting the
tumor specimen;

wherein the server 1s configured to perform an analysis
based on artificial intelligence and machine learning
technologies and a result of the analysis 1s are com-
municated from the server, and wherein the server i1s
configured to employ a plurality of classification and
supervised learning algorithms or models and digital
pathology for collaboration in the analysis of the
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samples, and wherein an artificial intelligence engine 1s
provided 1n the server for classification, probabilistic
modeling and advanced image analysis of gross-exami-
nation of tissues, and wherein the analytical models are
specific and customized to each type of specimen being,
handled, and wherein a plurality of processes compris-
ing automated 1mage analysis, remote viewing,
pathologists’ collaboration, standard 1image segmenta-
tion and storage retrieval are included as a part of
integrated applications.

2. The system according to claim 1, wherein the stainless
steel bed 1s provided with a disposable cover for each
specimen, and wherein the bed 1s configured to slide out to
avoid accidental injury, and wherein a box with a modular
design 1s provided to cover the bed and wherein the box 1s
provided with lock-in mechanisms to ensure that all the parts
are opened for enabling a manual cleaning process.

3. The system according to claim 1, wherein the robotic
arm capable of moving in X-axis Y-axis and Z- axis 1s fixed
to the top of the box, and wherein the blades are configured
to extend out during a dissection process and are retracted
back 1nside the arm when not 1n use, and wherein the camera
1s mounted on a 3D movable arm for accurate capturing of
the 1mage for the detailing of the specimen, and wherein the
plurality of cameras 1s provided to capture the details of the
specimen to be grossed.

4. The system according to claim 1, wherein the robotic
arm, 1s configured to receive an output of the ultrasound
equipment and to cut and slice the sample for analysis based
on a command 1ssued from the server after an analysis by the
pathologist and analytics from the server, and wherein the
robotic arm, 1s also configured for precise detection and
dissection of specimen into cubes of preset sizes using the
medical grade blades based on the output from the ultra-
sound equipement, and wherein the cubes are transferred
with help of robotic arm 1nto an automatic wax block for
preparation, which are then subjected to analysis.

5. The system according to claim 1, wherein the plurality
of cameras provides one or more 1mages and the one or more
images are analyzed through an image analysis of a gross-
examination sample comprising the following steps: an
analysis of the specimen 1s carried out by the ultrasound
waves and the waves are converted ito coordinates by a
computer algorithm; an 1image 1s captured by a piezoelectric
device with the help of ultrasound waves and the 1mage 1s
sent to the 1mage analysis algorithm for further analysis; a
total size of the tumor versus the total size of the specimen
1s 1dentified from the sonic 1imaging and the location of the
tumor 1s 1dentified with respect to 1ts boundaries from left to
right; a size of the tumor as per general slicing 1s 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 1s 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.

6. The system according to claim 5, wherein once the
slicing 1s done, the robotic arm disengages and the tumor 1s
held for turther climical purposes; and wherein the tumor 1s
then dissected to obtain a block of tumor by the robotic arm
as per the grossing principles; a predefined full report 1s
generated with all the necessary information; and, the report
and the block are sent for further clinical purposes.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

