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(54) MEDICAL IMAGE PRE-PROCESSING AT THE SCANNER FOR FACILITATING JOINT 
INTERPRETATION BY RADIOLOGISTS AND ARTIFICIAL INTELLIGENCE ALGORITHMS

(57) A method and system for medical image
pre-processing at the medical image scanner that facili-
tates joint interpretation of the medical images by radiol-
ogists and artificial intelligence algorithms is disclosed.
Raw medical image data is acquired by performing a
medical image scan of a patient using a medical image
scanner. Input data associated with the medical image
scan of the patient and available downstream automated
image analysis algorithms is acquired. A set of

pre-processing algorithms to apply to the raw medical
image data is selected based on the input data associ-
ated with the medical image scan of the patient and the
available downstream automated image analysis algo-
rithms using a trained machine learning based model.
One or more medical images are generated from the raw
medical image data by applying the selected set of
pre-processing algorithms to the raw medical image data.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to pre-processing
medical image data at the medical image scanner used
to acquire the medical image data, and more particularly
to medical image pre-processing at the medical image
scanner to facilitate joint interpretation of the medical im-
ages by radiologists and artificial intelligence algorithms.
[0002] Various artificial intelligence (Al) based image
analysis algorithms are being introduced at a rapid pace
for assisting the radiology reading and reporting work-
flow. These algorithms are trained on retrospectively col-
lected medical images, which were all generated by ap-
plying a "pre-processing" algorithm to the raw data ac-
quired by a medical image scanner (e.g., computed to-
mography (CT) scanner, magnetic resonance (MR)
scanner, ultrasound scanner, positron emission tomog-
raphy (PET) scanner, etc.) for the primary purpose of
generating medical images to be visually analyzed by a
radiologist. As a result, a large amount of information in
the raw medical image data is not being utilized for train-
ing the Al algorithms. In addition, the pre-processing al-
gorithms are applied at the scanner without knowledge
of the downstream workflow, i.e., will a radiologist read
the images with or without the help of an Al system, and
if so, what kind of algorithm will be used for the interpre-
tation?
[0003] In order to generate medical images, medical
image scanners scan patients to acquire raw data and a
pre-processing algorithm is applied to the raw data to
reconstruct 2D or 3D medical images from the raw data.
In current practice, image reconstruction is performed for
the main purpose of creating human interpretable images
that can then be analyzed by a radiologist. In certain in-
stances multiple instances of reconstruction are per-
formed, each using a different set of parameters. In ad-
dition, other image pre-processing algorithms, such as
filtering, de-noising, etc., are also performed to aid in vis-
ual interpretation of images by humans. However, none
of these pre-processing algorithms are informed on the
downstream workflow for the resulting medical images.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention provides a method and
system for computer-based medical image pre-process-
ing that is automatically tailored based on the down-
stream tasks to be performed on the acquired medical
image data.
[0005] In an embodiment of the present invention, a
method for medical image acquisition and pre-process-
ing comprises: acquiring raw medical image data by per-
forming a medical image scan of a patient using a medical
image scanner; acquiring input data associated with the
medical image scan of the patient and available down-
stream automated image analysis algorithms; selecting

a set of pre-processing algorithms to apply to the raw
medical image data based on the input data associated
with the medical image scan of the patient and the avail-
able downstream automated image analysis algorithms
using a trained machine learning based model; and gen-
erating one or more medical images from the raw medical
image data by applying the selected set of pre-process-
ing algorithms to the raw medical image data.
[0006] In an embodiment, selecting a set of pre-
processing algorithms to apply to the raw medical image
data based on the input data associated with the medical
image scan of the patient and the available downstream
automated image analysis algorithms using a trained ma-
chine learning based model comprises: selecting a first
set of one or more pre-processing algorithms for gener-
ating one or medical images for human visual interpre-
tation; and selecting a second set of one or more pre-
processing algorithms for generating one or more med-
ical images for automated image analysis using one or
more of the available downstream automated image
analysis algorithms.
[0007] In an embodiment, generating one or more
medical images from the raw medical image data by ap-
plying the selected set of pre-processing algorithms to
the raw medical image data comprises: generating one
or more medical images for human visual interpretation
by applying the first set of one or more pre-processing
algorithms to the raw medical image data; and generating
one or more medical images for automated image anal-
ysis by applying the second set of pre-processing algo-
rithms to the raw medical image data.
[0008] In an embodiment, the method further compris-
es: displaying the one or more medical images for human
visual interpretation generated using the first set of pre-
processing algorithms on a display device; and providing
the one or more medical images for automated image
analysis generating using the second set of pre-process-
ing algorithms as input to one or more of the available
downstream automated image analysis algorithms.
[0009] In an embodiment, the method further compris-
es: displaying results of the automated image analysis
performed on the one or more medical images generated
using the second set of pre-processing algorithms by the
one or more of the available downstream automated im-
age analysis algorithms on the one or more medical im-
ages generated using the first set of pre-processing al-
gorithms.
[0010] In an embodiment, the first set of pre-process-
ing algorithms and the second set of pre-processing al-
gorithms include reconstruction algorithms with different
settings.
[0011] In an embodiment, the second set of pre-
processing algorithms includes one or more pre-process-
ing algorithms corresponding to each of a plurality of
available downstream automated image analysis algo-
rithms predicted to be applied to the medical image scan,
and generating one or more medical images for automat-
ed image analysis by applying the second set of pre-
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processing algorithms to the raw medical image data
comprises: generating a respective medical image suited
for each of the plurality available downstream automated
image analysis algorithms predicted to be applied to the
medical image scan using the corresponding one or more
pre-processing algorithms in the second set of pre-
processing algorithms.
[0012] In an embodiment, the trained machine learning
based model is trained based on a training database of
training images acquired using a variety of pre-process-
ing algorithms by comparing output interpretations of the
training images determined using one or more available
downstream automated image processing algorithms
with ground truth interpretations of the training images.
[0013] In an embodiment of the present invention, an
apparatus for medical image acquisition and pre-
processing comprises: means for acquiring raw medical
image data by performing a medical image scan of a
patient using a medical image scanner; means for ac-
quiring input data associated with the medical image
scan of the patient and available downstream automated
image analysis algorithms; means for selecting a set of
pre-processing algorithms to apply to the raw medical
image data based on the input data associated with the
medical image scan of the patient and the available
downstream automated image analysis algorithms using
a trained machine learning based model; and means for
generating one or more medical images from the raw
medical image data by applying the selected set of pre-
processing algorithms to the raw medical image data. In
an embodiment of the apparatus, the means for selecting
a set of pre-processing algorithms to apply to the raw
medical image data based on the input data associated
with the medical image scan of the patient and the avail-
able downstream automated image analysis algorithms
using a trained machine learning based model compris-
es: means for selecting a first set of one or more pre-
processing algorithms for generating one or medical im-
ages for human visual interpretation; and means for se-
lecting a second set of one or more pre-processing al-
gorithms for generating one or more medical images for
automated image analysis using one or more of the avail-
able downstream automated image analysis algorithms.
In an embodiment of the apparatus, the means for gen-
erating one or more medical images from the raw medical
image data by applying the selected set of pre-process-
ing algorithms to the raw medical image data comprises:
means for generating one or more medical images for
human visual interpretation by applying the first set of
one or more pre-processing algorithms to the raw med-
ical image data; and means for generating one or more
medical images for automated image analysis by apply-
ing the second set of pre-processing algorithms to the
raw medical image data.
[0014] In an embodiment of the present invention, a
non-transitory computer readable medium stores com-
puter program instructions for medical image acquisition
and pre-processing. The computer program instructions,

when executed by a processor, cause the processor to
perform operations comprising: acquiring raw medical
image data by controlling a medical image scanner to
perform a medical image scan of a patient; acquiring input
data associated with the medical image scan of the pa-
tient and available downstream automated image anal-
ysis algorithms; selecting a set of pre-processing algo-
rithms to apply to the raw medical image data based on
the input data associated with the medical image scan
of the patient and the available downstream automated
image analysis algorithms using a trained machine learn-
ing based model; and generating one or more medical
images from the raw medical image data by applying the
selected set of pre-processing algorithms to the raw med-
ical image data. In an embodiment of the non-transitory
computer readable medium, selecting a set of pre-
processing algorithms to apply to the raw medical image
data based on the input data associated with the medical
image scan of the patient and the available downstream
automated image analysis algorithms using a trained ma-
chine learning based model comprises: selecting a first
set of one or more pre-processing algorithms for gener-
ating one or medical images for human visual interpre-
tation; and selecting a second set of one or more pre-
processing algorithms for generating one or more med-
ical images for automated image analysis using one or
more of the available downstream automated image
analysis algorithms.
In an embodiment of the non-transitory computer read-
able medium, generating one or more medical images
from the raw medical image data by applying the selected
set of pre-processing algorithms to the raw medical im-
age data comprises: generating one or more medical im-
ages for human visual interpretation by applying the first
set of one or more pre-processing algorithms to the raw
medical image data; and generating one or more medical
images for automated image analysis by applying the
second set of pre-processing algorithms to the raw med-
ical image data. In an embodiment of the non-transitory
computer readable medium further comprises: display-
ing the one or more medical images for human visual
interpretation generated using the first set of pre-
processing algorithms on a display device; and providing
the one or more medical images for automated image
analysis generating using the second set of pre-process-
ing algorithms as input to one or more of the available
downstream automated image analysis algorithms.
[0015] These and other advantages of the invention
will be apparent to those of ordinary skill in the art by
reference to the following detailed description and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 illustrates a system or performing medical im-
age pre-processing and a pre-processing pipeline
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according to an embodiment of the present inven-
tion;
FIG. 2 illustrates a method for training a machine
learning model for selecting pre-processing algo-
rithms tailored for possible downstream tasks to be
performed on medical images according to an em-
bodiment of the present invention;
FIG. 3 illustrates a method of medical image pre-
processing to facilitate joint interpretation of the med-
ical images by radiologists and artificial intelligence
algorithms according to an embodiment of the
present invention; and
FIG. 4 is a high-level block diagram of a computer
capable of implementing the present invention.

DETAILED DESCRIPTION

[0017] The present invention relates to medical image
pre-processing at the medical image scanner to facilitate
joint interpretation of the medical images by radiologists
and artificial intelligence algorithms. Embodiments of the
present invention provide a method and system for com-
puter-based medical image pre-processing that is auto-
matically tailored based on the downstream tasks to be
performed on the acquired medical image data. A digital
image is often composed of digital representations of one
or more objects (or shapes). The digital representation
of an object is often described herein in terms of identi-
fying and manipulating the objects. Such manipulations
are virtual manipulations accomplished in the memory or
other circuitry/hardware of a computer system. Accord-
ingly, is to be understood that embodiments of the
present invention may be performed within a computer
system using data stored within the computer system or
a remote computer system.
[0018] In one embodiment of the present invention,
medical image pre-processing may refer to the task of
image reconstruction, which converts the raw acquired
data from a medical image scanner into a human per-
ceptible medical image. In other embodiment, the pre-
processing may also refer to image filtering, denoising,
enhancement, and/or other types of medical image pre-
processing algorithms.
[0019] In current practice, the pre-processing step is
performed for the main purpose of creating human inter-
pretable images that can then be analyzed by a radiolo-
gist. The downstream analysis task performed by the ra-
diologist may be completely manual (i.e., visually observ-
ing the patterns in the image and classifying them as
medical findings), or semi-automated (i.e., employing im-
age processing tools and algorithms). However, the pre-
processing step is not informed on the downstream anal-
ysis tasks to be performed on the resulting medical im-
ages. Embodiments of the present automatically tailor
the pre-processing algorithms based on the downstream
tasks to be performed on the acquired medical image
data, which provides benefits of generating medical im-
ages that are more suited to the specific analysis tasks

to be performed and facilitating joint interpretation of the
medical images by radiologists and artificial intelligence
algorithms.
[0020] FIG. 1 illustrates a system or performing med-
ical image pre-processing and a pre-processing pipeline
according to an embodiment of the present invention. As
shown in FIG. 1, the system includes a medical imaging
scanner 100 and a pre-processing controller 102. The
medical imaging scanner 100 scans a patient and ac-
quired raw medical image data from the scan. The med-
ical imaging scanner 100 can be a computed tomography
(CT) scanner, magnetic resonance (MR) scanner, ultra-
sound scanner, positron emission tomography (PET)
scanner, or any other type of scanner used correspond-
ing to a medical imaging modality. Depending on the type
of medical imaging modality, the raw medical image data
can be in the form of projection images (e.g., CT), k-
space data (in MR), acoustic data (ultrasound), sono-
grams, etc. The raw medical data acquired by the medical
imaging scanner 100 is pre-processed by a number of
pre-processing algorithms including a first set of pre-
processing algorithms 104 (pre-processing algorithm 1 -
pre-processing algorithm k) which produce medical im-
ages for visual interpretation by humans (e.g., radiolo-
gists), while a second set of pre-processing algorithms
106 (pre-processing algorithm k+1 - pre-processing al-
gorithm N) generate medical images that are exclusively
meant for being processed by automated image analysis
algorithms.
[0021] The pre-processing controller 102 determines
which particular pre-processing algorithms should be ex-
ecuted and with which parameters for a particular scan.
The pre-processing controller 102 is implemented one a
computer system incorporated within or connected to the
medical imaging scanner 100. In an advantageous em-
bodiment, the pre-processing controller 102 and medical
imaging scanner 100 are implemented as part of the
same device. The pre-processing controller is imple-
mented by one or more processor executing a set of com-
puter program instructions stored in a storage and loaded
into a memory. The pre-processing controller 102 makes
determinations of which pre-processing algorithms to ap-
ply to a given scan and which parameters of the pre-
processing algorithms to use based on a criterion that
may be manually configured or automatically deter-
mined.
[0022] In an advantageous embodiment, the pre-
processing controller executes an automatic machine-
learning based algorithm to select the pre-processing al-
gorithms to be applied and/or parameters of the pre-
processing algorithms. In the machine learning based
algorithm, the pre-processing controller receives as input
one or more of the following parameters:

• A clinical indication for the medical imaging scan;
• A purpose for the scan - for example, rule-in a spe-

cific disease, rule-out a specific disease or condition,
therapy planning, etc.;
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• Patient-specific data such as height, weight, age,
gender, clinical history, comorbidities, etc.;

• Scan-specific data such as the kV level, amount of
contrast used, collimation settings, etc.;

• Other prior imaging studies from the same patient;
and/or

• Information from the downstream reading/reporting
workflow, including:

+ Availability of automatic image-processing al-
gorithms and their documented performance cri-
terion (e.g., sensitivity and specificity for detec-
tion of a particular abnormality; type of input data
the available automated image-processing al-
gorithms were trained on; their clinical indication
from regulatory approval; etc.); and/or
+ Clinical specialty of the radiologist who will per-
form the interpretation.

[0023] The information regarding which downstream
automatic image-processing algorithms are available
and the criterion/information associated with the availa-
ble downstream automatic image processing algorithms
can be stored either locally in the storage or memory of
the scanner/pre-processing controller device or in a re-
mote database that is accessible to the scanner/pre-
processing controller device. The scan-specific data can
be directly acquired from the medical imaging scanner
100 by the pre-processing controller 102. The input in-
formation including the clinical indication for the scan,
the purpose for the scan, the patient-specific data, other
prior medical images for the patient, and the clinical spe-
cialty of the radiologist who will perform the interpretation
of the medical images can be automatically read from an
electronic medical record of the patient. For example,
such an electronic medical record of the patient contain-
ing the input information can be stored in a database of
patient electronic medical records, which can be ac-
cessed by the pre-processing controller 102 to retrieve
the relevant information. Alternatively, some or all of this
input information may be manually input by a user (e.g.,
radiologist).
[0024] The pre-processing controller 102 inputs the in-
put parameters into a trained machine learning model,
which determines which pre-processing algorithms to
perform on the raw data acquired by the medical imaging
scanner 100 as well as specific parameters for the pre-
processing algorithms. The pre-processing controller
102 / machine learning model selects pre-processing al-
gorithms from a set of available possible pre-processing
algorithms. This results in a determination of a first set
of one or more pre-processing algorithms 104 that gen-
erate medical images for visual interpretation by a human
108 and a second set of one or more pre-processing
algorithms 106 that generate medical images for
processing by automatic image analysis algorithms 110.
As shown in FIG. 1, the visual analysis by the human 108
of the medical images generated using the first set of

pre-processing algorithms 104 can be combined with the
automatic image analysis by the automated artificial in-
telligence-based image-analysis algorithms 110 of the
medical images generated using the second set of pre-
processing algorithms 106 to determine the final findings
from the medical imaging scan of the patient. Thus, the
system of FIG. 1 facilitates joint downstream interpreta-
tion of medical imaging scans by humans (e.g., radiolo-
gists) and automatic artificial intelligence based image-
analysis algorithms.
[0025] FIG. 2 illustrates a method for training a ma-
chine learning model for selecting pre-processing algo-
rithms tailored for possible downstream tasks to be per-
formed on medical images according to an embodiment
of the present invention. At step 202, a database of train-
ing images generated using various pre-processing al-
gorithms and parameters is created. The training data-
base is created that includes medical images that are
pre-processed with a variety of pre-processing algo-
rithms (with different partaker settings / parameters), to-
gether with known input parameters for each of the train-
ing images. The input parameters for each training image
may include all or a subset of the input parameters de-
scribed above that are input to the pre-processing con-
troller.
[0026] At step 204, ground truth interpretations are de-
fined for various image analysis tasks and output inter-
pretations are determined for the training images. For
each of the training images, output interpretations by one
or several radiologists and one or more artificial intelli-
gence (Al) image-analysis algorithms can be determined.
Interpretations of a given training image can be per-
formed by one or more radiologists performing relevant
image analysis tasks the training image and by perform-
ing one or more Al image-analysis algorithms for each
image-analysis task relevant to the training image. The
ground truth interpretation for each image analysis task
is defined to establish an object measure for the results
of the image analysis task that can be compared with the
output interpretation determined for each image (i.e., the
result of performing the image analysis task on a given
image using a particular algorithm). The ground truth in-
terpretation for each image analysis task may be defined
by majority voting from several different human interpre-
tations and/or Al algorithms for performing the image
analysis task, or by a gold standard clinical exam that
provides an object optimal result for the image analysis
task. For example, in the case of a tumor identification
or classification task, the ground truth interpretation can
be the findings from a biopsy rather than from the medical
image characteristics. In this case, during training, the
output interpretation for training images determined us-
ing the results of Al algorithms for image-based tumor
identification or classification are compared with the
ground truth interpretations for the training images de-
termined from biopsies of the corresponding patients. An-
other example is for image analysis tasks for the assess-
ment of stenosis severity in coronary arteries. Various
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non-invasive algorithms have been developed for med-
ical image-based assessment of stenosis severity in cor-
onary arteries, including algorithms that use machine
learning based techniques and algorithms that use com-
putational fluid dynamics simulations. In this case, the
ground-truth interpretation can be an invasive measure-
ment of a hemodynamic metric, such as fractional flow
reserve (FFR) or instantaneous wave-free ratio (IFR),
rather than the visual or quantitative assessment of the
image. During training, output FFR or IFR values for each
training image determined using various algorithms for
image-based assessment of stenosis severity are com-
pared with the ground truth invasive FFR or IFR values
associated with each training image.
[0027] At step 206, the machine learning model is
trained based on the training images, input parameters,
output interpretations determined for the training images,
and ground truth interpretations associated with the train-
ing images. The machine learning model is trained to
map an input medical image and the associated input
parameters to a set of algorithms and algorithm set-
tings/parameters to be performed on the medical image.
The machine learning model is trained to recognize var-
ious downstream medical image analysis tasks and/or
Al algorithms to perform those tasks associated with an
input medical image based on the medical image and
the associated input parameters, and to determine a set
of pre-processing algorithms that best suite the down-
stream image analysis tasks and/or Al algorithms to per-
form those task. The set of pre-processing algorithms
output by the machine learning model can include one
or more pre-processing algorithms suited for human vis-
ual interpretation of the medical image for one or more
image analysis tasks and one or more pre-processing
algorithms suited for various Al image analysis algo-
rithms for one or more image analysis tasks. For each
task relevant to a given set of training images and each
available downstream Al algorithm to perform that task,
the machine learning model compares the output inter-
pretations determined for the training images using the
Al image analysis algorithm with the ground truth inter-
pretation. Since the training images were pre-processed
with various different pre-processing algorithms and set-
tings/parameters, the machine learning model is trained
to learn the pre-processing algorithms and settings that
provide the most accurate results for the output interpre-
tations as compared to the ground truth interpretations.
Thus, the machine learning can learn which pre-process-
ing algorithms and settings are best for various possible
downstream Al image-analysis algorithms. In an advan-
tageous embodiment, the machine learning model can
be implemented using a deep neural network (DNN)
trained using any deep learning algorithms. For example,
in a possible implementation, the machine learning mod-
el may be a DNN trained using deep reinforcement learn-
ing, but the present invention is not limited thereto.
[0028] FIG. 3 illustrates a method of medical image
pre-processing to facilitate joint interpretation of the med-

ical images by radiologists and artificial intelligence al-
gorithms according to an embodiment of the present in-
vention. In an advantageous embodiment, the method
of FIG. 3 is performed by one or more processors at the
medical image scanner.
[0029] At step 302, raw medical image data is acquired
by the medical image scanner. The medical imaging
scanner can be a computed tomography (CT) scanner,
magnetic resonance (MR) scanner, ultrasound scanner,
positron emission tomography (PET) scanner, or any oth-
er type of scanner used corresponding to a medical im-
aging modality. A patient or part of a patient is scanned
using the medical image scanner and the medical image
scanner acquires raw medical image data representing
the anatomy of the patient.
[0030] At step 304, input data corresponding to the
medical image scan and available downstream image-
processing algorithms is received/retrieved. The input
data can include one or more of the following parameters
related to the scan and the patient: a clinical indication
for the medical imaging scan; a purpose for the scan -
for example, rule-in a specific disease, rule-out a specific
disease or condition, therapy planning, etc.; patient-spe-
cific data of the patient who is the subject of the scan,
such as height, weight, age, gender, clinical history, co-
morbidities, etc.; scan-specific data such as the kV level,
amount of contrast used, collimation settings, etc.; and
other prior imaging studies from the same patient. The
input data can also include parameters related to the
available downstream image-processing algorithms and
downstream image processing tasks to be performed,
including: information identifying available downstream
automatic image-processing algorithms and their docu-
mented performance criterion (e.g., sensitivity and spe-
cificity for detection of a particular abnormality; type of
input data the available automated image-processing al-
gorithms were trained on; their clinical indication from
regulatory approval; etc.); and the clinical specialty of the
radiologist who will perform the downstream interpreta-
tion.
[0031] The information regarding which downstream
automatic image-processing algorithms are available
and the criterion/information associated with the availa-
ble downstream automatic image processing algorithms
can be retrieved either from local storage or memory on
the image acquisition device or from remote database.
The scan-specific data can be directly acquired from the
settings of the medical imaging scanner used to perform
the scan of the patient and acquired the raw image data.
The input data including the clinical indication for the
scan, the purpose for the scan, the patient-specific data,
other prior medical images for the patient, and the clinical
specialty of the radiologist who will perform the interpre-
tation of the medical images can be automatically read
from an electronic medical record of the patient. Alterna-
tively, some or all of this input data may be manually input
by a user (e.g., radiologist).
[0032] At step 306, a set of pre-processing algorithms
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for the scan is determined using the trained machine
learning model. The trained machine learning model is
trained to map the input data associated with the scan
to a set of pre-processing algorithms that will generate
medical images from the scan that are best suited for the
downstream human and Al-based image analysis to be
performed on the scan. According to an advantageous
embodiment, the trained machine learning model selects
a first set of pre-processing algorithms to generate one
or more medical images for human visual interpretation
and a second set of pre-processing algorithms to gener-
ate one or more medical images best suited for one or
more automated Al-based image analysis algorithms.
The machine learning model may predict a plurality of
different automated Al-based image analysis algorithms
that are likely to be performed on the scan and the second
set of pre-processing algorithms can include respective
pre-processing algorithms corresponding to each of the
predicted plurality of Al-based image analysis algorithms
to generate a respective medical image best suited for
each of the predicted Al-based algorithms.
[0033] The first set of pre-processing algorithms may
include multiple different types of algorithms, such as an
image reconstruction algorithm, a filtering algorithm, a
de-noising algorithm, etc., that can be used together to
generate a resulting medical image best suited for human
visual interpretation. It is also possible that the first set
of pre-processing algorithms includes multiple different
algorithms of the same type (e.g., multiple reconstruction
algorithms, multiple filtering algorithms, etc.) or different
versions of the same pre-processing algorithm that will
result in generating multiple different medical images for
suited human visual interpretation. In an advantageous
embodiment, the second set of pre-processing algo-
rithms will include a different set of pre-processing algo-
rithms from the first set of pre-processing algorithms. The
second set of pre-processing algorithms may include
completely different pre-processing algorithms (e.g., for
reconstruction, filtering, de-noising, etc.) than the first set
of pre-processing algorithms or may include the same
algorithms with different settings or parameters. As used
herein, the same pre-processing algorithm performed
with different parameters is considered two different pre-
processing algorithms in the set of pre-processing algo-
rithms. The second set of pre-processing algorithms can
include different pre-processing algorithms (or pre-
processing algorithms with different settings/parame-
ters) for each predicted Al-based image analysis algo-
rithm. The second set of pre-processing algorithms can
include multiple different types of algorithms (e.g., recon-
struction, filtering, de-noising, etc.) that can be used to-
gether to generate a medical image best suited for each
predicted downstream Al-based image analysis algo-
rithm.
[0034] Using the trained machine learning model, the
knowledge of specific downstream tasks (and associated
Al-based algorithms) may be used to set the parameters
of a pre-processing algorithm, such as an image recon-

struction algorithm. For example, if image segmentation
is to be performed on a CT image, then a reconstruction
with a sharp kernel may be selected for the automated
Al algorithm that performs segmentation, while a recon-
struction with a smooth kernel may be used for the med-
ical images that are to be interpreted by the radiologist.
In this case, the results for the image segmentation can
be displayed on an image that is different from the one
that the automated segmentation algorithm analyzed.
For example, the results of the segmentation performed
on the sharp kernel medical image may be presented to
the radiologist on the smooth kernel image.
[0035] The trained machine learning model may select
different pre-processing algorithms depending on the
purpose of the scan. For example, if the clinical indication
of the scan is to either rule-in or rule-out a particular dis-
ease of findings, the pre-processing controller may be
programmed to invoke pre-processing algorithms that
are tailored for the particular task, rather than for other
image interpretations. By knowing the sensitivity and
specificity of the downstream Al algorithm for disease
detection, the pre-processing controller can create mul-
tiple medical images (by applying different pre-process-
ing algorithms), and obtain a confidence level for the
downstream Al algorithm based on the application of the
downstream Al algorithm to the multiple medical images.
This confidence level can then be presented to the radi-
ologist, or may be used to fuse the results from the radi-
ologist’s interpretation with that of the Al algorithm.
[0036] At step 308, medical images are generated us-
ing the determined set of pre-processing algorithms. The
first set of pre-processing algorithms are applied to the
raw medical image data acquired by the medical image
scanner to generate one or more medical images suited
for human visual interpretation (e.g., by a radiologist).
The second set of pre-processing algorithms are applied
to the raw medical image data acquired by the medical
image scanner to generate one or more medical images
suited for processing by one or more automated Al-based
image analysis algorithms. The second set of pre-
processing algorithms may be applied to the raw medical
image data to generate a respective medical image for
each of a plurality of predicted Al-based image analysis
algorithms to be applied.
[0037] At step 310, the medical images are output. The
medical images generated for human visual interpreta-
tion using the first set pre-processing algorithms can be
output by displaying the medical images on a display of
the image acquisition device or other display device. The
medical images generated for one or more various Al-
based image analysis algorithms are output to the cor-
responding Al-base image analysis algorithms. These al-
gorithms can be directly performed by one or more proc-
essors of the image acquisition device or the medical
images can be output (wirelessly or via a wired connec-
tion) to one or more another computer device which is
programmed to perform the corresponding Al-based im-
age analysis algorithms. In a possible embodiment, one
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or more of the medical images generated using the sec-
ond set of pre-processing algorithms can be transmitted
to a cloud-based computer system and the correspond-
ing one or more Al-based image analysis algorithms can
be performed as a cloud-based service. It is also possible
that medical images generated using the second set of
pre-processing algorithms can be displayed on a display
of the image acquisition device or another display device.
All of the medical images generated using the first and
second sets of pre-processing algorithms can also be
stored, for example in storage or memory of the image
acquisition device or storage or memory of another com-
puter device or remote database.
[0038] Once the medical images generated using the
second set of pre-processing algorithms are output to
the corresponding Al-based image analysis algorithms,
the Al-based image analysis algorithms are automatically
performed using the corresponding medical images gen-
erated for the Al-based image analysis algorithms. For
example, such Al-based image analysis algorithms may
include, image segmentation algorithms, image registra-
tion algorithms, anatomical landmark detection algo-
rithms, disease detection algorithms, image classifica-
tion algorithms, algorithms to assess the severity of a
disease (e.g., stenosis severity), and any other type of
automated medical image analysis algorithms. The re-
sults of the automated Al-based medical image analysis
algorithms can then be displayed on a display device of
a computer system (e.g., the image acquisition device or
another computer system). In an advantageous embod-
iment, the results of the automated image analysis per-
formed using one or more Al-based image analysis al-
gorithm can be fused medical image(s) generated for hu-
man visual interpretation or fused with the results of the
human (radiologist) visual interpretation. In a possible
implementation, results of an automated image analysis
task performed on a medical image generated using the
second set of pre-processing algorithms can be dis-
played on the medical image generated using the first
set of pre-processing algorithms. For example, results of
automated image segmentation performed on a medical
image generated using reconstruction with a sharp kernel
may be presented on a medical image generated using
reconstruction with a smooth kernel. In another example,
a confidence level for ruling in or ruling out a disease
resulting from application of an automated disease de-
tection algorithm on multiple medical images generated
using the second set of pre-processing algorithms may
be used to fuse the results of the radiologist’s interpre-
tation with that of the automated disease detection algo-
rithm.
[0039] In a possible further embodiment, the pre-
processing controller may have knowledge of the specific
software vendor of the downstream Al algorithm, and the
machine learning model may be trained to tailor the pre-
processing algorithms based on this knowledge, as well
as the other input data discussed above. This knowledge
may be stored in memory or storage of the image acqui-

sition device, or may be input by a user.
[0040] In another possible embodiment, the down-
stream Al algorithm may have a feedback loop to the pre-
processing controller, whereby the downstream Al algo-
rithm may request medical images with multiple specific
pre-processing steps applied.
[0041] The above-described methods can be imple-
mented on one or more computers using computer proc-
essors, memory units, storage devices, computer soft-
ware, and other components. A high-level block diagram
of such a computer is illustrated in FIG. 4. Computer 402
contains a processor 404, which controls the overall op-
eration of the computer 402 by executing computer pro-
gram instructions which define such operation. The com-
puter program instructions may be stored in a storage
device 412 (e.g., magnetic disk) and loaded into memory
410 when execution of the computer program instruc-
tions is desired. Thus, the steps of the methods of FIGS.
2 and 3 may be defined by the computer program instruc-
tions stored in the memory 410 and/or storage 412 and
controlled by the processor 404 executing the computer
program instructions. A medical image scanner 420,
such as a CT scanning device, X-ray scanning device,
C-arm image acquisition device, MR scanning device,
Ultrasound device, etc., can be connected to the com-
puter 402 to input image data to the computer 402. In an
advantageous embodiment, the medical image scanner
420 and the computer 402 are implemented as one de-
vice. It is also possible that the medical image scanner
420 and the computer 402 can be connected by a wired
connection or can communicate wirelessly through a net-
work. The computer 402 may also includes one or more
network interfaces 406 for communicating with other de-
vices via a network. The computer 402 also includes oth-
er input/output devices 408 that enable user interaction
with the computer 402 (e.g., display, keyboard, mouse,
speakers, buttons, etc.). One skilled in the art will recog-
nize that an implementation of an actual computer could
contain other components as well, and that FIG. 4 is a
high level representation of some of the components of
such a computer for illustrative purposes.
[0042] The foregoing Detailed Description is to be un-
derstood as being in every respect illustrative and exem-
plary, but not restrictive, and the scope of the invention
disclosed herein is not to be determined from the Detailed
Description, but rather from the claims as interpreted ac-
cording to the full breadth permitted by the patent laws.
It is to be understood that the embodiments shown and
described herein are only illustrative of the principles of
the present invention and that various modifications may
be implemented by those skilled in the art without depart-
ing from the scope and spirit of the invention. Those
skilled in the art could implement various other feature
combinations without departing from the scope and spirit
of the invention.
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Claims

1. A method for medical image acquisition and pre-
processing, comprising:

acquiring raw medical image data by performing
a medical image scan of a patient using a med-
ical image scanner;
acquiring input data associated with the medical
image scan of the patient and available down-
stream automated image analysis algorithms;
selecting a set of pre-processing algorithms to
apply to the raw medical image data based on
the input data associated with the medical image
scan of the patient and the available down-
stream automated image analysis algorithms
using a trained machine learning based model;
and
generating one or more medical images from
the raw medical image data by applying the se-
lected set of pre-processing algorithms to the
raw medical image data.

2. The method according to claim 1, wherein selecting
a set of pre-processing algorithms to apply to the
raw medical image data based on the input data as-
sociated with the medical image scan of the patient
and the available downstream automated image
analysis algorithms using a trained machine learning
based model comprises:

selecting a first set of one or more pre-process-
ing algorithms for generating one or medical im-
ages for human visual interpretation; and
selecting a second set of one or more pre-
processing algorithms for generating one or
more medical images for automated image anal-
ysis using one or more of the available down-
stream automated image analysis algorithms.

3. The method according to claim 2, wherein generat-
ing one or more medical images from the raw medical
image data by applying the selected set of pre-
processing algorithms to the raw medical image data
comprises:

generating one or more medical images for hu-
man visual interpretation by applying the first set
of one or more pre-processing algorithms to the
raw medical image data; and
generating one or more medical images for au-
tomated image analysis by applying the second
set of pre-processing algorithms to the raw med-
ical image data.

4. The method according to claim 3, further comprising:

displaying the one or more medical images for

human visual interpretation generated using the
first set of pre-processing algorithms on a dis-
play device; and
providing the one or more medical images for
automated image analysis generating using the
second set of pre-processing algorithms as in-
put to one or more of the available downstream
automated image analysis algorithms.

5. The method according to claim 4, further comprising:
displaying results of the automated image analysis
performed on the one or more medical images gen-
erated using the second set of pre-processing algo-
rithms by the one or more of the available down-
stream automated image analysis algorithms on the
one or more medical images generated using the
first set of pre-processing algorithms.

6. The method according to any of the preceding claims
2 to 5, wherein the first set of pre-processing algo-
rithms and the second set of pre-processing algo-
rithms include reconstruction algorithms with differ-
ent settings.

7. The method according to claim 3, wherein the sec-
ond set of pre-processing algorithms includes one
or more pre-processing algorithms corresponding to
each of a plurality of available downstream automat-
ed image analysis algorithms predicted to be applied
to the medical image scan, and generating one or
more medical images for automated image analysis
by applying the second set of pre-processing algo-
rithms to the raw medical image data comprises:
generating a respective medical image suited for
each of the plurality available downstream automat-
ed image analysis algorithms predicted to be applied
to the medical image scan using the corresponding
one or more pre-processing algorithms in the second
set of pre-processing algorithms.

8. The method according to any of the preceding claims
1 to 8, wherein the trained machine learning based
model is trained based on a training database of
training images acquired using a variety of pre-
processing algorithms by comparing output interpre-
tations of the training images determined using one
or more available downstream automated image
processing algorithms with ground truth interpreta-
tions of the training images.

9. An apparatus for medical image acquisition and pre-
processing, comprising:

means for acquiring raw medical image data by
performing a medical image scan of a patient
using a medical image scanner;
means for acquiring input data associated with
the medical image scan of the patient and avail-
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able downstream automated image analysis al-
gorithms;
means for selecting a set of pre-processing al-
gorithms to apply to the raw medical image data
based on the input data associated with the
medical image scan of the patient and the avail-
able downstream automated image analysis al-
gorithms using a trained machine learning
based model; and
means for generating one or more medical im-
ages from the raw medical image data by apply-
ing the selected set of pre-processing algo-
rithms to the raw medical image data.

10. The apparatus according to claim 9, wherein the
means for selecting a set of pre-processing algo-
rithms to apply to the raw medical image data based
on the input data associated with the medical image
scan of the patient and the available downstream
automated image analysis algorithms using a trained
machine learning based model comprises:

means for selecting a first set of one or more
pre-processing algorithms for generating one or
medical images for human visual interpretation;
and
means for selecting a second set of one or more
pre-processing algorithms for generating one or
more medical images for automated image anal-
ysis using one or more of the available down-
stream automated image analysis algorithms.

11. The apparatus according to claim 10, wherein the
means for generating one or more medical images
from the raw medical image data by applying the
selected set of pre-processing algorithms to the raw
medical image data comprises:

means for generating one or more medical im-
ages for human visual interpretation by applying
the first set of one or more pre-processing algo-
rithms to the raw medical image data; and
means for generating one or more medical im-
ages for automated image analysis by applying
the second set of pre-processing algorithms to
the raw medical image data.

12. A non-transitory computer readable medium storing
computer program instructions for medical image ac-
quisition and pre-processing, the computer program
instructions when executed by a processor cause
the processor to perform operations comprising:

acquiring raw medical image data by controlling
a medical image scanner to perform a medical
image scan of a patient;
acquiring input data associated with the medical
image scan of the patient and available down-

stream automated image analysis algorithms;
selecting a set of pre-processing algorithms to
apply to the raw medical image data based on
the input data associated with the medical image
scan of the patient and the available down-
stream automated image analysis algorithms
using a trained machine learning based model;
and
generating one or more medical images from
the raw medical image data by applying the se-
lected set of pre-processing algorithms to the
raw medical image data.

13. The non-transitory computer readable medium ac-
cording to claim 12, wherein selecting a set of pre-
processing algorithms to apply to the raw medical
image data based on the input data associated with
the medical image scan of the patient and the avail-
able downstream automated image analysis algo-
rithms using a trained machine learning based model
comprises:

selecting a first set of one or more pre-process-
ing algorithms for generating one or medical im-
ages for human visual interpretation; and
selecting a second set of one or more pre-
processing algorithms for generating one or
more medical images for automated image anal-
ysis using one or more of the available down-
stream automated image analysis algorithms.

14. The non-transitory computer readable medium ac-
cording to claim 13, wherein generating one or more
medical images from the raw medical image data by
applying the selected set of pre-processing algo-
rithms to the raw medical image data comprises:

generating one or more medical images for hu-
man visual interpretation by applying the first set
of one or more pre-processing algorithms to the
raw medical image data; and
generating one or more medical images for au-
tomated image analysis by applying the second
set of pre-processing algorithms to the raw med-
ical image data.

15. The non-transitory computer readable medium ac-
cording to claim 14, further comprising:

displaying the one or more medical images for
human visual interpretation generated using the
first set of pre-processing algorithms on a dis-
play device; and
providing the one or more medical images for
automated image analysis generating using the
second set of pre-processing algorithms as in-
put to one or more of the available downstream
automated image analysis algorithms.
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