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AUTOMATIC DETECTION OF MEDICAL same protocol for analysis , without relying on the DICOM 

IMAGE ACQUISITION PROTOCOL tag for referring to the image acquisition protocol . 

The application claims the benefit of Indian Patent Appli SUMMARY AND DESCRIPTION 

cation No. 1336 / KOL / 2015 , filed Dec. 24 , 2015 , which is 5 
hereby incorporated by reference in its entirety . The scope of the present disclosure is defined solely by 

the appended claims and is not affected to any degree by the 
TECHNICAL FIELD statements within this summary . The present embodiments 

may obviate one or more of the drawbacks or limitations in 

This disclosure relates to a method and system for auto- 10 the related art . 
matic detection of medical imaging acquisition protocol Accordingly , it is an object of the disclosure to provide a 
using image analytics and machine learning . method and device for performing automatic detection of 

medical image acquisition protocol . The method and device 
BACKGROUND makes use of image analysis and statistical algorithms for 

15 automatically detecting the image acquisition protocol of a 
medical image . Today the medical imaging technology is advancing rap 

idly . Medical images of patients are being capture using An object of the disclosure is achieved by providing a 
method of automatically detecting medical imaging proto technologies such as x - rays , ultrasound computerized col . The method includes determining , by a processor , 

tomography ( CT ) scans , magnetic resonance ( MR ) imaging , 20 anatomy under consideration from a set of Magnetic Reso 
nuclear medicine ( NM ) imaging , positron emission com nance ( MR ) images using landmark detection algorithms . puted tomography ( PET ) , etc. , to be electronically acquired , Further , the method includes automatically identifying 
stored , retrieved , displayed , and transmitted for viewing by image acquisition protocol associated with the set of medical 
medical personnel . The acronym , PACS ( Picture Archiving images based on the determined anatomy . Further , medical 
and Communication System ) , is an industry term for an 25 images acquired with the identified image acquisition pro 
integrated system of equipment and software that permits tocol are identified at different time instances from a medical 
radiographic images , such as x - rays , ultrasound computer image database . Finally , a comparative view of the medical 
ized tomography ( CT ) scans , magnetic resonance ( MR ) images is provided on a display unit for analysis . 
imaging , nuclear medicine ( NM ) imaging , positron emission In an embodiment , an act of automatically identifying 
computed tomography ( PET ) , etc. , to be electronically 30 protocol associated with acquisition of the set of medical 
acquired , stored , retrieved , displayed , and transmitted for images based on the determined anatomy includes deter 
viewing by medical personnel . The PACS system may mining at least one feature associated with the medical 
include an interface , which is a software application , which images characterizing the acquisition protocol . Further , the 
aids in accessing and retrieval of images stored in the PACS medical images are assigned with an image acquisition 
database . The queries received for a set of images are 35 protocol label , wherein the acquisition protocol label is 
matched by DICOM header of the images stored in the assigned based on a classification of the medical images . 
PACS . In another embodiment , classifying the medical images 

The Digital Imaging and Communication in Medicine includes detecting an outlier image acquisition protocol 
( DICOM ) standard describes a file format for media storage based on the at least one feature . Thereafter , the medical 
and image distributions . The standard was created by the 40 images are classified into at least one image acquisition 
National Electrical Manufacturers Association ( NEMA ) to protocol based on the features . 
aid the distribution and viewing of medical images , such as In certain embodiments , the identified image acquisition 
CT scans , MEDICALIs , and ultrasound . The DICOM for protocol of the set of medical images is displayed on the 
mat includes a header portion and an image data portion . display unit . 

The DICOM format uses a series of pre - defined tags and 45 In certain other embodiments , a plurality of set of medical 
allows the definition of new tags , which may or may not be images of similar image acquisition protocols is displayed 
present for a given dataset . This flexibility is one of the adjacent to one another . 
features that made the DICOM format so popular for medi In certain embodiments , the method of automatically 
cal imaging . Nevertheless , this popularity had led to the identifying protocol associated with acquisition of the set of 
multiplication of tag definitions , and consequently , it is 50 medical images based on the determined anatomy includes 
sometimes difficult to know which tags are used , and what determining at least one feature associated with the medical 
they mean , making the extraction of header information images characterizing the acquisition protocol . Further , the 
more difficult . DICOM tags may include meta information medical images are classified based in the at least one 
that provide information associated with the medical image feature . Thereafter , the medical images are assigned with an 
such as , details of the patient , the modality manufacturer , 55 acquisition protocol label based on the classification of the 
clinical findings , and the like . In certain embodiments , the medical images . 
DICOM tags may also contain the image acquisition pro In certain embodiments , the feature includes a two - di 
tocol . Sometimes , the DICOM header does not contain the mensional Local Binary Pattern ( LBP ) , a 3 dimensional 
image acquisition protocol as it is an optional tag . This LBP , and saliency weighted Histogram of the LBP . 
becomes are problem when multiple series of images of a 60 In certain embodiments , the method of classifying the 
particular imaging protocol needs to compared for analysis . medical images includes detecting an outlier image acqui 
If the DICOM header does not contain the image acquisition sition protocol based on the at least one feature . Further , the 
protocol , the medical personnel have to manually search for medical images are classified into at least one image acqui 
the images . This procedure consumes a lot of time and effort . sition protocol based on the features . 
Therefore , there is a need for an easier method to recognize 65 In certain embodiments , the method of detecting the 
the image acquisition protocol of image sets . Further , there outlier image acquisition protocol includes determining an 
is also a need for comparing two ( 2 ) image sets with the error value associated with the features of the medical 
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image . Further , the error value is compared against a thresh 4 may also include embedded controllers , such as generic or 
old value to determine if the image acquisition protocol is an programmable logic devices or arrays , application specific 
outlier . Thereafter , a result that indicates the image acqui integrated circuits , single - chip computers , and the like . 
sition protocol of the medical image is an outlier is dis or non - transitory computer readable 
played . 5 medium 6 may be volatile memory and non - volatile 

In certain embodiments , classification of the medical memory . A variety of computer - readable storage media may 
images is performed using at least one of a probabilistic and be stored in and accessed from the memory 6. The memory 
a non - probabilistic classifier . 6 may include any suitable elements for storing data and 

In certain other embodiments , the outlier detection is machine - readable instructions , such as read only memory , 
performed using statistical transformation algorithms . 10 random access memory , erasable programmable read only 

Another object of the disclosure is to provide a device to memory , electrically erasable programmable read only 
automatically detect the image acquisition protocol of a set memory , hard drive , removable media drive for handling 
of medical images . The device includes a processor and a compact disks , digital video disks , diskettes , magnetic tape 
memory that includes processor executable instructions con cartridges , memory cards , and the like . As depicted , the 
figured for automatically detecting an image acquisition 15 memory 6 includes one or more modules for generating 
protocol of a medical image . medical reports with pre - defined protocol names , according 

The above mentioned and other features of the disclosure to one or more embodiments described above . The memory 
will now be addressed with reference to the accompanying 6 includes an anatomy detection module 8 , a feature extrac 
drawings of the present disclosure . The illustrated embodi tion module 9 , a statistical classifier module 10 , an outlier 
ments are intended to illustrated , but not limit the disclosure . 20 protocol detection module 11 and label assignment module 

12. The anatomy detection module 8 includes computer 
BRIEF DESCRIPTION OF THE DRAWINGS readable instructions for identifying an anatomy of human 

body part , in the medical image , using landmark detection 
The present disclosure is further described hereinafter algorithms , for example , ALPHA . The medical image may 

with reference to illustrated embodiments shown in the 25 include one or more slices of an anatomy of a subject as 
accompanying drawings , in which : captured by a CT or MR modality . Thereafter , the feature 

FIG . 1 illustrates a computing device for evaluating extraction module 9 is configured for extracting one or more 
medical imaging devices , in accordance with an embodi features from the set of medical images . The features that are 
ment ; extracted may be , for example , two - dimensional Local 

FIG . 2 illustrates a block diagram of the workings of the 30 Binary Patterns ( 2D LBP ) , three - dimensional Local Binary 
feature extraction module , outlier detection module , and a Patterns ( 3D LBP ) , and Histogram of saliency weighted 
classification module , in accordance with an embodiment ; local binary ( HSWLBP ) patterns . However , a person skilled 
and in the art may be able to appreciate that the feature extraction 

FIG . 3 illustrates a flowchart of a method involving module 9 may extract any other features such as , but not 
automatically detecting the image acquisition protocol , in 35 limited to filter based features from the medical images . The 
accordance with an embodiment . features may be computed by determining a salient region in 

a volume of the medical image . Further , the salient regions 
DETAILED DESCRIPTION in the volume of the medical image may be determined by 

applying a blurring filter and then assigning a saliency value 
Various embodiments are described with reference to the 40 for the pixels above a mean intensity value . In this manner , 

drawings , wherein like reference numerals are used to refer a very low intensity pixel is assigned a high saliency value 
like elements throughout . In the following description , for highlighting the salient regions in the medical image . Fur 
the purpose of explanation , numerous specific details are set thermore , the Local binary patterns are computed by known 
forth in order to provide thorough understanding of one or methods for a particular radius and sample size . For 
more embodiments . It may be evident that such embodi- 45 example , the LBP may be computed for a radius of 1 and 
ments may be practiced without these specific details . sample size 8. Further , the features extraction module 9 is 

FIG . 1 illustrates a computing device for evaluating configured to extract histogram of saliency weighted lower 
medical imaging devices , in accordance with an embodi binary patterns ( HSWLBP ) . The HSWLBP is computed by 
ment . FIG . 1 illustrates an exemplary block diagram 1 of the developing a 256 dimensional histogram of the combined 
computing device 2 for generating electronic medical 50 LBP of all the slices of an anatomy . The aforementioned 
records , in accordance with an embodiment . The computing features are used to classify the medical images into an 
device 2 includes a processor 4 , a memory 6 , a storage unit image acquisition protocol from a group of several image 
14 , an input / output ( I / O ) unit 18 , and a communication acquisition protocols . 
module 20. The computing device 2 is also communicatively Further , the memory 6 includes the outlier protocol detec 
coupled to a medical imaging device 22. The medical 55 tion module 11 , which is configured to detect if the medical 
imaging device 22 may include , but is not limited to , a image does not belong to a set of known image acquisition 
Magnetic Resonance Imaging ( MRI ) device , a Computer protocols . The outlier protocol detection module 11 deter 
ized Tomography ( CT ) imaging device , and the like . The mines if the medical image is of an outlier protocol by using 
aforementioned components are connected to each other by a novelty detection algorithm . Initially , an error value asso 
a bus unit 21. The processor 4 , as used herein , refers to any 60 ciated with the medical image in the context of a recon 
type of computational circuit , such as , but not limited to , a struction of the medical image in one of the known set of 
microprocessor , a microcontroller , a complex instruction set protocols is determined . In case the error is greater than a 
computing microprocessor , a reduced instruction set com threshold value , then the image acquisition protocol of the 
puting microprocessor , a very long instruction word micro medical image is concluded to be an outlier protocol . In 
processor , an explicitly parallel instruction computing 65 other words , the image acquisition protocol of the medical 
microprocessor , a graphics processor , a digital signal pro image does not belong to the known set of image acquisition 
cessor , or any other type of processing circuit . The processor protocol . Further , the memory 6 includes the statistical 
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classifier module 10 , which classifies the medical image into determining an error value associated with the reconstruc 
one of the image acquisition protocol from a group of image tion of the features of the medical image in a known feature 
acquisition protocol . The statistical classifier module 10 may space . In case the error value exceeds a threshold value then 
determine the image acquisition protocol of the medical the image acquisition protocol used for acquiring the medi 
image based on the features extracted by the feature extrac- 5 cal image 32 is determined to be an outlier . In one embodi 
tion module 9. The statistical classifier module 10 may be ment , if the image acquisition protocol used for acquiring 
configured to perform the classification by using machine the medical image 32 belongs to one of the known protocol 
learning algorithms such as random forests and support classes being modelled using kernel - PCA then the recon 
vector machines . Further , the statistical classifier module 10 struction error will be low and vice - versa . Further , a thresh 
may be trained using existing medical images of the known 10 old may be determined empirically to classify the sample as 
protocol set . 

an outlier , for which the reconstruction error is above the The storage unit 14 may be a non - transitory storage threshold . In case the outlier protocol detection module 10 medium configured for storing medical image data 16 
including medical images acquired in various imaging pro determines that the protocol used for acquiring the medical 
tocols . The images data 16 in the storage unit may be used 15 image 32 is an outlier protocol the medical image 32 is 
to train the statistical classifier module 10 . discarded and there is no further processing of the same . 

The input output module 18 may include a keyboard , Reverting to FIG . 2 , in case the outlier protocol detection 
keypad , touch sensitive display screen , mouse , and the like . module 10 provides a positive result regarding the image 
The input / output devices 18 enable the user to interact with acquisition protocol for the medical image 32 , then the 
the device 2 for controlling the operating state . For example , 20 features ( F1 , F2 ... Fy ) are received by the statistical 
a display unit may display a screen including one or more classifier module 11. The statistical classifier module 11 
graphical objects indicating the image acquisition protocol processes the features ( F1 , F2 ... Fn ) characterizing different 
of the medical image that is considered for analysis . image acquisition protocols . The features ( F1 , F2 ... Fn ) are 

The device 2 further includes a communication module 20 selected such that the classes of image acquisition protocols 
for communicating with other devices via a network con- 25 are linearly separable . The statistical classifier module 11 
nection . The communication module 20 may include a Wi - Fi may be configured to Support Vector Machine ( SVM ) algo 
transceiver , a network interface card ( NIC ) , and the like . rithm with linear kernel to provide a good classification of 

FIG . 2 illustrates an exemplary block diagram of the the imaging protocols . Further , the statistical classifier mod 
working of the feature extraction module 9 , in accordance ule 11 may make use of other classification algorithms such 
with an embodiment . As shown in FIG . 2 , the feature 30 as Random Forests for classification of the imaging proto 
extraction module 9 receives a medical image from a source . cols . Furthermore , the statistical classifier module 11 may be 
The source of the medical image may be the image data 16 trained using a training image data for learning the charac 
stored in the storage unit 14. In another embo ent , the teristics of the features of different imaging protocols . 
medical image 32 may be acquired directly from the imag FIG . 3 illustrates a flowchart 50 of a method involving 
ing modality 22. Further , the feature extraction module 9 is 35 automatically detecting the image acquisition protocol , in 
configured to extract one or more features ( F1 , F2 ... Fn ) accordance with one or more embodiments . At act 52 , 
from the medical image 32. The features may include anatomy of a medical image is detected . In an embodiment , 
two - dimensional ( 2D ) and three - dimensional ( 3D ) lower the anatomy may be detected using landmark detection 
binary patters ( LBPs ) . Furthermore , the features ( F1 , F2 ... algorithms such as , but not limited to , ALPHA . At act 54 , an 
Fy ) include Histogram of Saliency Weighted LBPS 40 image acquisition protocol associated with acquisition of the 
( HSWLBP ) . In an embodiment , the 2D and 3D LBPs may set of medical images is determined based on the anatomy . 
be determined by the feature extraction module 9 by using In some embodiments , the method of automatically identi 
known algorithms for determining LBPs of images . In an fying protocol associated with acquisition of the set of 
exemplary implementation , a Gaussian filter is applied to a medical images based on the determined anatomy includes 
volume in the medical image 32 using 3D Gaussian kernel 45 determining at least one feature associated with the medical 
with variance equal to one . Thereafter , all the voxels in images characterizing the acquisition protocol . In some 
blurred version of volume are assigned saliency of 1 if the embodiments , the feature includes a two - dimensional Local 
intensity value of the voxels are above mean intensity value Binary Pattern ( LBP ) , a three - dimensional LBP and saliency 
of the whole volume and zero ( 0 ) otherwise . The features weighted Histogram of the LBP . 
computed by the feature extraction module 9 are used to 50 In some embodiments , the method of classifying the 
determine the image acquisition protocol of the medical medical images includes detecting an outlier image acqui 
image 32. Further , the feature extraction module 9 may be sition protocol based on the at least one feature . Further , the 
configured to extract any other feature that helps in the medical images are classified into at least one image acqui 
determination of the image acquisition protocol . Further the sition protocol based on the features . In some embodiments , 
features generated by the feature extraction module 9 are 55 the method of detecting the outlier image acquisition pro 
passed on to the statistical classifier module 11 and the tocol includes determining an error value associated with the 
outlier protocol detection module 10 . features of the medical image . Further , the error value is 
As shown in FIG . 2 , features generated by the feature compared against a threshold value to determine if the image 

extraction module 9 are received by the outlier protocol acquisition protocol is an outlier . Thereafter , a result that 
detection module 10. The outlier protocol detection module 60 indicates the image acquisition protocol of the medical 
10 is configured to process the features ( F1 , F2 ... Fn ) to image is an outlier is displayed . In some other embodiments , 
determine if the medical image 32 is generated using an the outlier detection is performed using statistical transfor 
unknown protocol . The outlier protocol detection module 10 mation algorithms . 
may be configured to implement a novelty detection algo At act 56 , the medical images are classified based in the 
rithm for determining an outlier protocol . The outlier pro- 65 at least one feature . Thereafter , the medical images are 
tocol detection module 10 may make use of a Kernel assigned with an acquisition protocol label based on the 
Principle Component Analysis ( PCA ) algorithm for classification of the medical images . In some embodiments , 
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classification of the medical images is performed using at 3. The method of claim 1 , further comprising : 
least one of a probabilistic and a non - probabilistic classifier assigning the at least one medical image with an image 
algorithm . acquisition protocol label based on the classification of 
At act 58 , images acquired with the identified protocol at the at least one medical image . 

different time instances from a medical image database are 4. The method of claim 1 , wherein the at least one feature 
labelled and displayed . In some other embodiments , a plu comprises a two - dimensional Local Binary Pattern ( LBP ) , a 
rality of medical images of similar image acquisition pro three - dimensional LBP , and saliency weighted Histogram of 
tocols is displayed adjacent to one another . the LBP . 
While the present disclosure has been described in detail 5. The method of claim 1 , wherein the detecting of the at 

with reference to certain embodiments , it should be appre- 10 least one medical image as the outlier image comprises : 
ciated that the present disclosure not limited to those determining an error value associated with the at least one 
embodiments . In view of the present disclosure , many feature of the at least one medical image ; 
modifications and variations would be present themselves , comparing the error value against a threshold value to 
to those skilled in the art without departing from the scope determine when the at least one medical image is an 
of the various embodiments of the present disclosure , as outlier ; and 
described herein . The scope of the present disclosure is , displaying a result indicating the at least one medical 
therefore , indicated by the following claims rather than by image is an outlier . 
the foregoing description . All changes , modifications , and 6. The method of claim 1 , wherein the classification of the 
variations coming within the meaning and range of equiva at least one medical image is performed using a probabilistic 
lency of the claims are to be considered within their scope . 20 classifier and a non - probabilistic classifier . 

It is to be understood that the elements and features 7. The method of claim 1 , wherein the detecting of the 
recited in the appended claims may be combined in different outlier image is performed using at least one statistical 
ways to produce new claims that likewise fall within the transformation algorithm . 
scope of the present disclosure . Thus , whereas the dependent 8. The method of claim 1 , wherein the anatomy of the at 
claims appended below depend from only a single indepen- 25 least one medical image is detected based on at least one 
dent or dependent claim , it is to be understood that these landmark detection algorithm . 
dependent claims may , alternatively , be made to depend in 9. A device for automatically detecting a medical imaging 
the alternative from any preceding or following claim , protocol , the device comprising : 
whether independent or dependent , and that such new com a processor ; 
binations are to be understood as forming a part of the 30 a memory coupled with the processor , wherein the 
present specification . memory comprises processor executable instructions 

While the present disclosure has been described above by configured to : 
reference to various embodiments , it may be understood that receive at least one medical image from an imaging 
many changes and modifications may be made to the device , wherein the imaging device is separate from 
described embodiments . It is therefore intended that the 35 the device ; 
foregoing description be regarded as illustrative rather than determine an anatomy of a body part in the at least one 
limiting , and that it be understood that all equivalents and / or medical image from a set of medical images ; 
combinations of embodiments are intended to be included in extract at least one feature associated with the at least 
this description . one medical image ; 

detect the at least one medical image as an outlier 
The invention claimed is : image based on the at least one feature that does not 
1. A method of automatically detecting a medical imaging belong to a set of known image acquisition proto 

protocol , the method comprising : cols ; 
receiving , by a processor , a set of medical images from at automatically classify the outlier image into at least one 

least one imaging device , the processor being separate 45 image acquisition protocol based on the at least one 
from the at least one imaging device ; feature ; and 

determining , by the processor , an anatomy of a body part identify medical images acquired with the image acqui 
in at least one medical image from the set of medical sition protocol at different time instances from a 
images ; medical image database . 

extracting , by the processor , at least one feature associated 50 10. The device of claim 9 , further comprising : 
with the at least one medical image ; a display unit , 

detecting , by the processor , the at least one medical image wherein the processor executable instructions are further 
as an outlier image based on the at least one feature that configured to : 
does not belong to a set of known image acquisition display the image acquisition protocol of the set of 
protocols ; medical images on the display unit ; and 

automatically classifying , by the processor , the outlier provide a comparative view of the identified medical 
image into at least one image acquisition protocol images acquired with the image acquisition protocol 
based on the at least one feature ; and on a display unit for analysis . 

identifying medical images acquired with the image 11. The device of claim 9 , wherein the processor execut 
acquisition protocol at different time instances from a 60 able instructions further comprise instructions configured to : 
medical image database . assign the identified medical images with an acquisition 

2. The method of claim 1 , further comprising : protocol label , wherein the acquisition protocol label is 
displaying the image acquisition protocol of the set of assigned based on the classification of the identified 
medical images on a display unit ; and medical images . 

providing a comparative view of the identified medical 65 12. The device of claim 9 , wherein the processor execut 
images acquired with the image acquisition protocol on able instructions configured for detecting the outlier image 
the display unit for analysis . comprise instructions configured to : 

40 

55 
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determine an error value in a reconstruction feature space 
of a medical image of the identified medical images ; 
and 

label the medical image as an outlier based on the error 
value as compared with a threshold value . 

13. The device of claim 9 , wherein the device is config 
ured to receive magnetic resonance images from the imaging 
device . 

14. The device of claim 9 , wherein the processor execut 
able instructions are configured to use at least one of a 
probabilistic and a non - probabilistic classifier to classify the 
identified medical images . 

15. The device of claim 12 , wherein the processor execut 
able instructions are configured to use at least one statistical 
transformation algorithm to detect the outlier image . 

16. The device of claim 9 , wherein the anatomy of the at 
least one medical image is detected based on landmark 
detection algorithms . 
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