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(57) ABSTRACT 

Methods, systems and computer program products for con 
trolling display of different types of medical images and 
providing touchscreen interfaces for display on a mobile 
communication device and associated with different image 
types, e.g., different imaging modalities or different view 
modes. Detection of a multi-finger tap on the screen of the 
mobile communication device while viewing a first touch 
screen interface for an image type invokes a second or auxil 
iary touchscreen interface for that image type having a Subset 
of interface elements of the first touchscreen interface. 
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USER INTERFACE FOR MEDICAL MAGE 
REVIEW WORKSTATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
S119 from provisional U.S. Patent Application Ser. No. 
61/417.394, filed Nov. 26, 2010, the contents of which are 
incorporated hereby by reference as though set forth in full. 

FIELD 

0002 This patent specification relates to medical imaging. 
More particularly, this patent specification relates to user 
interfaces for medical image review workstations. 

BACKGROUND 

0003 Substantial effort and attention has been directed to 
increasing the capabilities of medical imaging systems, 
including continued research and development into new 
medical imaging modalities, the ongoing improvement of 
existing imaging modalities, and the expansion of data pro 
cessing, presentation, and storage capabilities for ensuring 
the beneficial use of the acquired medical image data for the 
ultimate goal of improving overall patient health. One par 
ticularly crucial component of the medical imaging environ 
ment is the medical image review workstation, which is 
where all of the specially acquired and processed image infor 
mation is presented to a radiologist so that critical health 
related decisions can be made. As used herein, radiologist 
generically refers to a medical professional that analyzes 
medical images and makes clinical determinations therefrom, 
it being understood that such person or user of the review 
workstation might be titled differently, or might have differ 
ing qualifications, depending on the country or locality of 
their particular medical environment. 
0004. In association with the ongoing expansion of medi 
cal imaging, data processing, and data storage capabilities, an 
ever-increasing amount of information is becoming available 
to the radiologist at the medical image review workstation. 
Problems can arise, however, at the interface between (a) the 
amount of information available to the radiologist, and (b) the 
amount of information that can be usefully accessed and 
perceived by the radiologist in a reasonable amount of time. 
These issues are especially important in today's radiology 
environment, where there is an ongoing tension between pro 
viding high-quality detection/diagnosis for each patient and 
maintaining adequate patient throughput to keep costs under 
control. A large body of information associated with a 
patient's medical image data would have Substantially dimin 
ished value if the radiologist does not have sufficient time, 
inclination, or information technology (IT) Sophistication to 
properly view that information. It is therefore crucial that the 
human-machine interface associated with medical image 
review workstations be as streamlined, appealing, and user 
friendly as possible, while also allowing comprehensive 
access to the large amount of data available. 
0005. In addition to human-machine interface capability 
issues, the ongoing expansion of medical imaging, data pro 
cessing, and data storage capabilities brings about problems 
relating to equipment acquisition, maintenance, and upgrade 
costs for medical image review workstations. As known in the 
art, it is often the case that medical image review for a par 
ticular imaging modality is optimized by the use of an addi 
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tional hardware user input device other than a conventional 
keyboard/mouse combination, Such as a specialized keypad 
platform having particular arrangements of buttons, knobs, 
sliders, joysticks, trackballs, and so forth. Although stream 
lining the image review process for that particular worksta 
tion, these specialized hardware input devices can be disad 
Vantageous in that they add to overall system cost, are usually 
limited to a single modality, and cannot be easily modified or 
upgraded. Thus, for example, if it is desired to upgrade to a 
new software version having different workflow controls, it 
may be necessary to replace the specialized keypad alto 
gether. As another example, if it is desired to expand the 
capabilities of the medical image review workstation to 
include an additional modality (for example, adding an ultra 
Sound review modality to an existing X-ray modality review 
workstation), then the cost and clutter of a second specialized 
hardware input device for that additional modality may 
become necessary. 

SUMMARY 

0006 Embodiments address shortcomings of known 
methods and systems by providing a user interface (UI) sys 
tem for a medical image review workstation that provides a 
streamlined, appealing, and user-friendly experience for the 
radiologist. Embodiments also provide Such a UI System that 
is easily and inexpensively upgraded to accommodate new 
Software versions, new capabilities, and/or new imaging 
modalities for the review workstation. Embodiments also 
provide Such a UI System that is readily personalized and 
customizable for different users at a single review worksta 
tion, and/or readily customizable a single radiologist at mul 
tiple different review workstations, and allow for such a UI 
system to be layered upon existing UI Systems without requir 
ing Substantial changes to current hardware configurations 
and without requiring Substantial cost investment. 
0007. One embodiment is directed a computer-imple 
mented method executed by an interface processor and/or 
mobile communication device for controlling display of 
medical images and that comprises establishing a network 
connection between a mobile communication device and the 
interface processor operably coupled to a review workstation 
operable by a user to review medical images using a first UI. 
The method further comprises determining a first medical 
image selected by the user (e.g., based on the user highlight 
ing or selecting an image or window containing an image). 
The first medical image is of a first type, e.g., one or more of 
being an image of a first imaging modality, a first review mode 
(e.g., a transverse view mode for a tomosynthesis image), and 
generated by a first type of imaging device. The method 
further comprises displaying or invoking for display on a 
screen of the mobile communication device, a second UI. The 
second UI comprises a first touchscreen interface for control 
ling display of the first medical image. The method further 
comprises determining a second medical image selected by 
the user, the second medical image is of a second type differ 
ent than the first type, e.g., one or more of being an image of 
a second imaging modality, a second review mode (e.g., a 
transverse mode of a magnetic resonance image rather than a 
tomosynthesis image, or a single-breast MLO view of an 
X-ray image a transverse view mode for a tomosynthesis 
image), and generated by a second type of imaging device. 
The method further comprises displaying or invoking for 
display on the screen, a third UI that is also a touchscreen 
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interface but different than the first touchscreen interface, for 
controlling display of the second medical image. 
0008 A further embodiment is directed to a computer 
implemented method for controlling display of medical 
images and that comprises displaying or invoking for display 
on a screen of a mobile communication device of a user, a first 
touchscreen interface for controlling display of a selected 
medical image. The first touchscreen interface has a number 
of interface elements and is considered to be an initial or 
primary touchscreen interface. The method further comprises 
detecting when the user has tapped the screen with a plurality 
of fingers simultaneously (e.g., with a “five finger tap'). In 
response to detecting a five finger tap, another touch screen 
interface is displayed or invoked for display on the mobile 
communication device Screen for controlling display of the 
selected medical image. According to one embodiment, the 
second touchscreen interface consists of Subset of the plural 
ity of the interface elements of the first touchscreen interface 
(i.e., the number of elements of the second touchscreen inter 
face is less than the number of elements of the first touch 
screen interface). For example, a first or primary touchscreen 
interface may include interface elements for all available 
controls, whereas the second or auxiliary touchscreen inter 
face displayed or invoked after a simultaneous finger tap may 
include only as many interface elements as fingers that tapped 
the screen simultaneously for selected controls. For example, 
a first touchscreen UI may include 24 or other numbers of 
interface elements for various display controls, whereas a 
second or auxiliary touchscreen interface displayed after a 
“five finger tap' includes only five interface elements, e.g., 
five interface elements previously selected by the user, deter 
mined to be the most popular or utilized most often, or ele 
ments positioned under fingers that tapped the screen. 
0009. Yet other embodiments are directed to computer 
implemented methods for controlling display of medical 
images generated by imaging devices of different vendors or 
manufactures and that may involve different types of inter 
faces displayed at a review workstation that receives image 
data from respective different imaging devices. For example, 
embodiments may involve imaging devices of different 
manufacturers, which may be of the same imaging modality 
or different imaging modalities, and that provide different 
types of interfaces for viewing medical images of the same or 
different view modes. With embodiments, these different 
types interfaces can be transformed into corresponding 
touchscreen interfaces Such that a first touchscreen interface 
is generated, displayed or invoked for display on a screen of 
a mobile communication device for a first medical image 
generated by a first imaging device manufactured or sold by a 
first source, Vendor or manufacturer, whereas a second, dif 
ferent touchscreen interface is generated, displayed or 
invoked for display for a second medical image generated by 
another imaging device of the same modality (e.g., both 
imaging devices are tomosynthesis imaging devices), but 
with a different touchscreen UI. Embodiments allow users to 
utilize a touchscreen interface displayed on a mobile commu 
nication device to control display of medical images, 
acquired with imaging devices of the same or different manu 
facturers, which may be of the same or different imaging 
modalities. 

0010 Further embodiments are directed to methods 
involving how a user of a mobile communication device 
interacts with and operates touchscreen UIS generated 
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according to embodiments for controlling display of medical 
images associated with respective view modes and imaging 
modalities. 
0011. Yet other embodiments are directed to articles of 
manufacture, computer program products and native and 
downloadable applications executable on a mobile commu 
nication device Such as a Smartphone or tablet computing 
device capable of wireless communications and configured, 
operable or programmed to execute methods according to 
embodiments. 
0012 For example, one embodiment is directed to a com 
puter program product, which may comprise a non-transitory 
computer readable storage medium having Stored thereupon a 
sequence of instructions which, when executed by a computer 
or mobile communication device, perform a process for con 
trolling display of medical images by displaying or invoking 
for display on a screen of a mobile communication device a 
first touchscreen interface for controlling display of the first 
medical image of a first type, and displaying or invoking for 
display on the screen, another touchscreen interface different 
than the first touchscreen interface for controlling display of 
the second medical image of a second type different than the 
first type. 
0013 As another example, other embodiments are 
directed to articles of manufacture, computer program prod 
ucts or mobile applications which, when instructions thereof 
are executed, cause a computer or processing element to 
perform a process for controlling display of medical images 
by detecting and responding to a multi-finger or multi-digit 
tap (e.g., a “five finger tap') by the user on a screen of the 
mobile communication device. Thus, for example, a first 
touchscreen interface for controlling display of a selected 
medical image may be displayed on the screen and includes a 
plurality of interface elements, the user performs a simulta 
neous “multi-finger tap, which is detected, and in response, 
a second touch screen interface is generated and consists of 
subset of the plurality of the interface elements of the first 
touchscreen interface. The subset may be selected by the user 
to provide for customization, or be determined based on cri 
teria Such as most frequent use or position offingers when the 
screen is tapped. 
0014 Embodiments may be part of or executed by a 
review workstation, which may include a non-touchscreen 
interface Such as a keyboard and mouse, part of or executed by 
an interface processor operably coupled to or in communica 
tion between a review workstation and a mobile communica 
tion device, or part of (e.g., a native application) or down 
loaded to a mobile communication device and executed by a 
processor or computing element thereof. Touch screen inter 
faces may be displayed or invoked by components of a mobile 
communication device and/oran interface processor operable 
coupled between the mobile communication device and a 
review workstation. Thus, an application executing on a 
mobile communication device may perform various process 
ing to determine how a touchscreen interface should be struc 
tured and displayed. 
00.15 Yet further embodiments are directed to systems 
configured or operable to analyze medical images using dif 
ferent touchscreen interfaces derived from or resulting from 
transformation of controls of a UI of a review workstation 
such that different touchscreen interfaces can be generated for 
different types of images, e.g., images of different imaging 
modalities, different view modes, and different imaging 
modalities and review modes. 
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0016 For example, one embodiment is directed to a sys 
tem for controlling display of medical images and comprises 
a review workstation and an interface processor, which may 
be an integral component of a review workstation or a sepa 
rate component that can be connected or plugged into the 
review workstation. According to one embodiment, the 
review workstation is operated with a first UI controlled with 
a keyboard, mouse, trackball, joystick or other physical con 
trol element physically manipulated and moved by the user to 
select a first medical image of a first type and control how the 
first medical image is displayed on a screen of the review 
workstation. The interface processor, receiving or determin 
ing the selected first medical image and review mode and 
imaging modality thereof, is configured to communicate with 
a mobile communication device, and display or invoke for 
display, on a screen of the mobile communication device, a 
second UI comprising a first touchscreen interface for con 
trolling display of the first medical image. The interface pro 
cessor also determines when the user has selected another, 
second medical image of a second type. Selection of another 
medical image may be done through the first UI of the review 
workstation or through the first touchscreen interface dis 
played on the mobile communication device screen (e.g., via 
a toggle mechanism that allows the user of the mobile com 
munication device to select an image displayed on the Screen 
of the review workstation). The interface processor then dis 
plays or invokes for display on the screen, a third UI com 
prising a second touchscreen interface that is different than 
the first touchscreen interface for controlling display of the 
second medical image of the second type. 
0017 System embodiments may involve or comprise only 
a review workstation configured to establish a wireless con 
nection with a mobile communication device and to display 
or invoke display of touchscreen interfaces, only an interface 
processor configured to implement embodiments, only a 
mobile communication device configured to implement 
embodiments, or a combination of components such as a 
review workstation and interface processor, an interface pro 
cessor and mobile communication device, and all of a review 
workstation, interface processor and mobile communication 
device. 

0018. In a single or multiple embodiments, a medical 
image may be selected by the user manipulating the first UI of 
the review workstation or manipulating a touchscreen inter 
face displayed on a mobile communication device, in 
response to which a touchscreen interface, or different touch 
screen interface, is displayed or invoked to control display of 
the current or selected medical image. 
0019. In a single or multiple embodiments, the interface 
processor and mobile communication device are in commu 
nication via a wireless network. For example, a wireless con 
nection can be established by the mobile communication 
device being placed in communication with a wireless access 
point that is in communication with a server hosting the 
interface processor. 
0020. In a single or multiple embodiments, the interface 
processor, or the application executing on the mobile com 
munication device, receives data of the first UI for controlling 
display of the first selected image of a first type, transforms 
those controls into a single-handed or dual-handed touch 
screen interface for real-time control of display of the first 
selected image using the mobile communication device, 
receives data of another type of image selected by the user, 
and transforms controls of the first UI into a different touch 
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screen interface for real-time control of display of the other 
medical image using the mobile communication device. 
Touchscreen interfaces have different numbers, shapes and/or 
spatial arrangements of interface elements depending on the 
type of image, e.g., the review mode, imaging modality and 
user preferences 
0021. In a single or multiple embodiments, the medical 
images are presented within windows of the first UI. For 
example, an interface with four windows may include four 
medical images, each of which is associated with respective 
view modes and/or imaging modalities. Medical images or 
windows may be generated by the same review workstation, 
or by different review workstations, e.g., review workstations 
of different manufacturers, which may involve different inter 
faces utilized at the review workstation. The interface proces 
sor is a part of or in communication with the review worksta 
tion such that the interface processor determines which 
window is identified or selected as an active window, e.g., 
based on user manipulation of a mouse or keyboard control at 
the review workstation or by use of a touchscreen interface 
displayed on the mobile communication device screen, to 
determine which medical image or window was selected. 
0022. In a single or multiple embodiments, the user 
manipulating of the mobile communication device itself, e.g., 
in the form of shaking or jiggling the device, may be detected 
by an application executing on the mobile communication 
device. In response to detecting this motion, the application 
may invoke or display a different touchscreen interface for a 
given medical displayed, a touchscreen interface for a next 
image to be analyzed is displayed, or a medical image for a 
new, different patient, e.g., a randomly selected patient or a 
next patient in a patient list. If the interface or patient data is 
not available on the mobile communication device, the 
mobile communication device can communicate with the 
interface processor in response to detecting the shaking or 
jiggling motion. 
0023. Further, in a single or multiple embodiments, touch 
screen interfaces can be translated to different hands of the 
user. Thus, if a user is holding a mobile communication 
device with a left hand such that the user's right hand and 
fingers thereof are in contact with the screen, if the user 
Switches hands, the application detects the Switch based on 
finger placement or arrangements and then displays or 
invokes for display elements of the touchscreen interface that 
are flipped for the other hand. Other customization features 
according to embodiments include touchscreen interfaces 
being spatially arranged to be customized to respective 
lengths of respective fingers of the user of the mobile com 
munication device. 
0024. In embodiments involving a multi-finger tap, the 
auxiliary touchscreen interface displayed following the 
multi-finger tap includes only a Subset of the previously dis 
played or primary touchscreen interface. The number and/or 
arrangement of auxiliary interface elements may be based at 
least in part upon the number offingers that tapped the screen 
simultaneously, which interface elements were selected by 
the user, or determined to be utilized most often. For example, 
if the user tapped the screen with five fingers (defined to 
include a thumb and four fingers), then the Subset consists of 
five interface elements, which may be displayed at the same 
locations tapped by respective fingers, and that may be spa 
tially arranged relative to each other in the same manner as the 
first or primary interface. The subset of interface elements, in 
their spatial arrangement, can follow the user's hand as it 
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slides or moves across the screen to a different screen location 
or as finger lengths and/or positions are adjusted. Thus, for 
example, a user may be viewing a first medical image asso 
ciated with a first review mode and first imaging modality 
using a first touchscreen interface (e.g., with 25 or other 
number of interface elements), perform a five finger tap, in 
response to which an auxiliary or secondary UI with only 5 
elements is displayed, then perform another five finger tap to 
toggle back to the primary interface. Thus, a multi-finger tap 
can be used to Switch between primary and secondary or 
auxiliary touchscreen interfaces, or to invoke some other type 
of action such as Switching to display of medical images of 
another patient. 
0025. Other user actions utilized by embodiments include 
tracking movement or positioning of a pre-determined digit 
Such as the user's thumb Such as when a finger contacts or 
does not contact (is lifted from) the screen, to then display or 
invoke a new touchscreen interface, and then displaying or 
invoking the first or prior touchscreen interface when it is 
detected that the thumb or other pre-determined finger con 
tacts the screen or has returned to a pre-determined position 
on the Screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 illustrates an environment including compo 
nents of one embodiment of a system operable to invoke 
touchscreen user interfaces on a screen of a mobile commu 
nication device adapted for controlling display of different 
types of medical images, wherein in the illustrated embodi 
ment, an interface processor is operably coupled to a review 
workstation and in wireless communication with a mobile 
communication device; 
0027 FIGS. 2A-D illustrate examples of output windows 
of a review workstation and identification or selection of an 
output window as an active window and respective touch 
screen interfaces having respective interface elements con 
figured according to respective spatial arrangements, and dis 
played or invoked for display on a screen of a mobile 
communication device to control display of different types of 
medical images; 
0028 FIGS. 3A-B illustrate embodiments involving 
physical modifications to pre-determined screen locations by 
application of one or more textured material patches to the 
screen at locations at which particular touchscreen interface 
elements are displayed to provide haptic feedback to the user 
while using the touchscreen interface, wherein FIG. 3A illus 
trates textured patches applied to the screen, and FIG. 3B 
illustrates how the spatial arrangement of the applied textured 
patches shown in FIG. 3A corresponds to particular elements 
of a touchscreen interface generated according to embodi 
ments; 
0029 FIGS. 4A-B illustrates different template patterns 
defining Voids in respective spatial arrangements for use in 
embodiments for providing haptic feedback to a user of a 
mobile communication device; 
0030 FIGS. 5A-B illustrate embodiments involving 
physical modifications to pre-determined screen locations by 
application templates defining respective Voids to the screen 
Such that the Voids are at locations at which particular touch 
screen interface elements are displayed to provide haptic 
feedback to the user while using the touchscreen interface, 
wherein FIG. 5A illustrates the template shown in FIG. 4A 
applied to the screen to outline groups of elements of a first 
touchscreen interface, and FIG. 5B illustrates the template 
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shown in FIG. 4B applied to the screen to outline groups of 
elements of a second touchscreen interface; 
0031 FIGS. 6A-D illustrate embodiments involving a 
multi-finger tap of a screen of a mobile communication 
device by a user to invoke a touchscreen interface or a change 
or transformation to a touchscreen interface, wherein FIG.6A 
illustrates a first or primary touchscreen user interface as 
shown in FIG. 2A and including a plurality of interface ele 
ments in a particular spatial arrangement and the user per 
forming a multi-finger tap on the screen, FIG. 6B illustrates 
the resulting second or auxiliary touchscreen interface fol 
lowing the multi-finger tap and that includes only a Subset of 
the interface elements of the first or primary touchscreen user 
interface, FIG. 6C illustrates the user repositioning a hand 
after manipulating the second or auxiliary touchscreen user 
interface shown in FIG. 6B, and FIG. 6D illustrates how the 
auxiliary touchscreen interface is translated from one hand 
location to another location or follows the user's hand while 
maintaining the spatial arrangement of the Subset of interface 
elements to allow the user to manipulate the same auxiliary 
touchscreen interface at a different Screen location; 
0032 FIG. 7 illustrates how embodiments may be applied 
to detect a change of hand and to transform or flip a touch 
screen interface configured for one hand to a configuration for 
an opposite hand, wherein in the illustrated embodiment, the 
touchscreen interface that is flipped is an auxiliary touch 
screen user interface; 
0033 FIG. 8 illustrates how embodiments may be applied 
to generate a dual-handed touchscreen user interface; 
0034 FIG.9 is a screenshot of a home screen displayed on 
a mobile communication device screen; 
0035 FIG. 10 is a mobile communication device screen 
shot that follows launching of an application for controlling 
display of medical images on the mobile communication 
device according to embodiments; 
0036 FIG. 11 is a mobile communication device screen 
shot illustrating an example of a touchscreen user interface 
generally depicted in FIG. 2A and that is generated and dis 
played for a first active window corresponding to a tomosyn 
thesis modality; 
0037 FIG. 12 is a mobile communication device screen 
shot illustrating an example of a touchscreen user interface 
generally depicted in FIG. 2D and that is generated and dis 
played for a second active window corresponding to a MRI 
modality; 
0038 FIG. 13 is a screenshot of an auxiliary touchscreen 
interface generated according to embodiments and resulting 
from the user performing a multi-finger tap on the screen of 
the mobile communication device while the touchscreen 
interface for the first active window corresponding to a tomo 
synthesis modality as shown in FIG. 11 was displayed; 
0039 FIG.14 is a screenshot of a selection or confirmation 
window that allows a user to assign display controls or func 
tions to elements of the auxiliary touchscreen interface which 
in the illustrated example includes five interface elements as 
shown in FIG. 13; 
0040 FIG. 15 is a screenshot of an expanded selection or 
configuration window illustrating in further detail display 
controls or functions that can be assigned to an element of an 
auxiliary touchscreen interface as shown in FIGS. 13-14; 
0041 FIG. 16 is a screenshot of an auxiliary touchscreen 
interface generated according to embodiments and resulting 
from the user performing a multi-finger tap on the screen of 
the mobile communication device while the touchscreen 
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interface for the first active window corresponding to a mag 
netic resonance imaging modality as shown in FIG. 12 was 
displayed, 
0.042 FIG.17 is a screenshot of a selection or confirmation 
window that allows a user to assign display controls or func 
tions to elements of the auxiliary touchscreen interface which 
in the illustrated example includes five interface elements as 
shown in FIG.16; and 
0043 FIG. 18 is a screenshot of an expanded selection or 
configuration window illustrating in further detail display 
controls or functions that can be assigned to an element of an 
auxiliary touchscreen interface as shown in FIGS. 16-17. 

DETAILED DESCRIPTION OF ILLUSTRATED 
EMBODIMENTS 

0044) Embodiments relate to computer-implemented 
methods, systems and computer program products or mobile 
applications for controlling how different types medical 
images are displayed on a mobile communication device Such 
as a Smartphone or tablet computing device capable of wire 
less communications. With embodiments, a user may utilize 
touchscreen interfaces that are derived from controls of user 
interfaces (UIs) of known review workstations, and which 
can be dynamically adapted in real-time for controlling dis 
play of different types of images, e.g., different types of view 
modes and/or imaging modalities, while the user is holding 
the mobile communication device. For example, in applica 
tions involving analysis of breast tissue, one touchscreen 
interface may be presented for viewing an image associated 
with a transverse view mode and an imaging modality of 
magnetic resonance imaging, whereas another touchscreen 
interface is generated for viewing the same image but with a 
different view mode, or for the same view but for an image 
generated using a different imaging modality. Embodiments 
also accommodate medical images generated by imaging 
devices of different manufacturers and respective different 
interfaces utilized to view images generated by Such devices. 
Various embodiments also provide for the ability to custom 
ize touchscreen interfaces. 
0045 Certain embodiments are directed to methods, sys 
tems and computer program products or mobile applications 
for determining which images types (of different views and/ 
oracquired with different imaging modalities) are selected by 
a user with a review workstation UI or a UI displayed on a 
mobile communication device screen, and displaying or 
invoking touchscreen interfaces for respective image views 
and/or images acquired with different imaging modalities. In 
this manner, a user may manipulate an existing UI of a review 
workstation, and also manipulate touchscreen interfaces that 
are adapted or customized for different image views or 
modalities. 
0046 Certain other embodiments are directed to tapping a 
screen of a mobile communication device with multiple fin 
gers simultaneously (e.g., with five fingers or a thumb and 
four fingers) to invoke or display an auxiliary UI, which 
includes only a subset of interface elements, which may be 
selected by the user or selected as being utilized the most 
often, of the originally displayed UI, and they can be posi 
tioned in the same arrangement as they were in the original UI 
Such that positioning of fingers of the user remains 
unchanged. In this manner, users can “five finger tap' 
between the primary or complete UI and one or more auxil 
iary interfaces. Screen tapping in this manner can also be used 
to advance to medical images of different patients. 
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0047 Referring to FIG. 1, a medical imaging environment 
100 is illustrated and includes a medical image review work 
station or workstation 120 having an enhanced user UI 
including user control features implemented and/or actuated 
via a mobile communication device 134 Such as a Smartphone 
or tablet computing device capable of wireless communica 
tions. Shown in FIG. 1 is a network 116 including a plurality 
of HIS/RIS (Hospital Information System/Radiology Infor 
mation System) components coupled thereto, and to which is 
coupled one or more image acquisition devices examples of 
which include, but are not limited to, a mammogram acqui 
sition device 102, a tomosynthesis acquisition device 104, an 
ultrasound acquisition device 106, a magnetic resonance 
imaging (MRI) acquisition device 108, and a generalized 
“other medical imaging device 110 representative of, for 
example, one or more computerized tomography (CT) imag 
ing or positron emission tomography (PET) acquisition 
devices. 

0048. In the illustrated environment 100, a computer 
aided detection (CAD) processor 112 coupled to the network 
116 receives digital medical images from one or more of the 
devices 102,104,106, 108, and 110. For tomosynthesis data 
sets, an additional tomosynthesis reconstruction processor 
(not shown in FIG. 1) can be coupled to the network 116 to 
generate and provide a plurality of tomosynthesis recon 
structed image slices from X-ray tomosynthesis projection 
images provided by the tomosynthesis acquisition device 
104. The CAD processor 112 processes the medical images 
according to one or more CAD algorithms and provides CAD 
findings associated therewith. A UI implemented at the 
review workstation 120 in conjunction with the mobile com 
munication device 134 interactively displays the medical 
images to a viewer or user in accordance with one or more of 
the systems and methods described further hereinbelow. The 
mobile communication device 134 communicates with the 
review workstation 120 by virtue of wireless communication 
(e.g., using the IEEE 802.11 “WiFi protocol) with wireless 
access point 114, which is, in turn, connected to the network 
116. 

0049 Various medical images and related information are 
communicated according to the DICOM (Digital Imaging 
and Communications in Medicine) standard and the network 
116 supports the TCP/IP protocol, which is used as the trans 
port protocol for the DICOM standard. Also coupled to the 
network 116 is a PACS archive 118, generally representing a 
repository for medical information associated with the medi 
cal imaging environment, including both current and archived 
images, current and archived CAD results, radiology reports 
for completed cases, and so forth. Embodiments described 
herein can be seamlessly layered upon an existing medical 
imaging workflow, in which the digital (or digitized) medical 
images are acquired, optionally processed by the CAD pro 
cessor 112, and displayed at the review workstation 120 (op 
tionally in conjunction with the associated CAD results) to a 
radiologist, who makes a clinical determination therefrom. 
0050. A UI implemented at the review workstation 120 
interactively displays the medical images to a viewer or user 
(generally, “user') of embodiments in accordance with one or 
more UI programs carried out on an interface processor 126. 
Included in conjunction with the UI programs on the interface 
processor 126 is an auxiliary host application program that, 
upon execution, communicates with the mobile communica 
tion device 134 and carries out the associated functionalities 
described further herein. Included on the mobile communi 
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cation device 134 is an auxiliary remote application program 
that, upon execution, communicates with the auxiliary host 
application program on the UI processor 126 and carries out 
the associated functionalities described further herein. The 
term “server application' can be used interchangeably with 
“host application' to denote described software that executes 
on the interface processor 126. 
0051. With continuing reference to FIG. 1, a medical 
imaging environment 100 is illustrated and includes a medi 
cal image review workstation 120 having an enhanced UI 
including user control features implemented and/or actuated 
via a mobile communication device 134 Such as a Smart 
phone, tablet computing device or other mobile communica 
tion device 134. Examples of mobile communication devices 
134 that may be utilized in embodiments include the 
IPHONE and IPAD available from Apple, Inc. and other 
communication or tablet computing device capable of com 
municating with a review workstation 120 or associated inter 
face processor 126 according to a preferred embodiment. 
0052 While it has been found that the IPAD 134 repre 
sents one particularly advantageous mobile communication 
device including hardware, Software, network, and develop 
ment platform for implementing embodiments directed to 
control of medical image review with UIs described further 
herein, it is to be appreciated that other known or hereinafter 
developed mobile communication devices 134 and platforms 
having generic capabilities analogous to the IPAD 134 can be 
used in place of an IPAD 134 while remaining within the 
scope of the preferred embodiments. Preferably, such other 
known or hereinafter developed mobile communication 
devices 134 and platforms would include a portable, pro 
grammable touchpad computer having a touch-sensitive 
screen that is of a size and shape to accommodate an open 
human hand, and would be capable of wireless communica 
tion with another computer or network node using Wi-Fi, 
BLUETOOTH, ZIGBEE, WiMAX, Wireless USB, or any of 
a host of other standard or non-standard wireless protocols or 
information transfer modalities (infrared, optical, ultrasonic, 
etc.). While limiting mobility compared to a wireless connec 
tion, embodiments may also involve data connectivity of the 
portable, programmable touchpad computer through a wired 
connection, such as wired USB, without necessarily depart 
ing from the scope of embodiments. Further, the size of the 
touchscreen could be made Smaller than that of an opened 
human hand, such as with the touchscreens of IPHONEs or 
similar portable phones, without necessarily departing from 
the scope of the present teachings. For ease of explanation, 
reference is made to an IPAD 134 as a mobile communication 
device 134 utilized in embodiments, but it will be understood 
that other mobile communication devices 134 may be uti 
lized, and that such devices may communicate with review 
workstation 120 or associated interface processor 126. 
0053 For convenience of description herein, and without 
loss of generality, the auxiliary host application program car 
ried out on the UI processor 126 is referred to hereinbelow as 
the “SVTouch host” or “SVTouch server” program. Further, 
for convenience and without loss of generality, the auxiliary 
remote application program carried out on the IPAD 134 is 
referred to hereinbelow as the “SVTouch remote app.” 
0054 For purposes of clarity of description, and not by 
way of limitation, it is disclosed here that SVTouchTM can be 
seen as being a shorthand term for SECURVIEWTouchTM. 
SECUREVIEW is a registered trademark of Hologic, Inc., of 
Bedford Mass., where SECURVIEW proprietarily identifies 
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a highly successful and powerful medical image review work 
station currently manufactured and sold by Hologic, Inc., the 
assignee of the present application. SECURVIEW TouchTM 
proprietarily identifies an extension of the SECURVIEW 
medical image review workStation that includes one or more 
aspects of the IPAD-implemented functionality described 
further herein, which one or more aspects will be publically 
introduced at the 2010 meeting of the Radiological Society of 
North America in Chicago, Ill. (RSNA 2010). However, it is 
to be appreciated that these particular monikers are not used 
by way of limitation, and that the disclosed systems and 
methods are applicable across a wide variety of different 
medical image review workStations from a wide variety of 
manufacturers, and are further applicable across a wide vari 
ety of different touchpad-type platforms other than the IPAD 
134. 

0055 Review workstation 120 implements an interactive 
UI using a diagnostic display 122 including first and second 
display monitors 122a and 122b, an administrative display 
124, and user input or control devices including a keyboard 
128, a mouse 132, and an application-specific hardware aux 
iliary input device 130, such as a workflow keypad provided 
in conjunction with a SECURVIEW medical image review 
workstation. When the SVTouch host and SVTouch remote 
applications are activated, the IPAD 134 also becomes part of 
the UI provided by the review workstation 120. Advanta 
geously, the described SVTouch functionalities can be pro 
vided as an add-on that operates side-by-side with the auxil 
iary hardware input device 130, or alternatively the described 
SVTouch functionalities can be used to altogether replace the 
auxiliary input device 130. 
005.6 Administrative display 124 is used for input and 
output of a wide variety of information that may be associated 
with a particular set of medical images (e.g., listings, tables, 
plots, text descriptions, etc.), as well as for system installa 
tion, maintenance, updating, and related tasks. Often pro 
vided on the diagnostic display 122 at any particular time 
during case review by a radiologist are one or more diagnostic 
images displayed in one or more output windows A, B, and C. 
0057. It is to be appreciated that although one or more 
aspects of the preferred embodiments are described in the 
particular context of X-ray mammography or X-ray tomosyn 
thesis for single-modality operation, and the contexts of vari 
ous combinations of X-ray mammography, X-ray tomosynthe 
sis, ultrasound, and MRI for multi-modality operation, 
embodiments described herein are applicable for a variety of 
medical imaging modalities in a wide variety of single-mo 
dality implementations or multi-modality combinations. Such 
modalities including, but not limited to, two-dimensional 
X-ray, X-ray tomosynthesis, ultrasound, MRI, CT imaging, 
PET, single-photon emission computed tomography 
(SPECT), as well as less conventional medical imaging 
modalities such as thermography, electrical conductivity 
based modalities, and the like. Likewise, although one or 
more aspects of the preferred embodiments are described in 
the particular context of breast imaging, the scope of the 
present teachings extends to medical imaging of any part of 
the human body including, but not limited to, the prostate, 
kidneys, other internal organs, head, teeth, neck, abdomen, 
arms, and other body parts. Examples of medical imaging 
systems and environments within which one or more aspects 
of the preferred embodiments are applicable, which includes 
systems and environments having CAD capability as well as 
those not having CAD capability, can be found in U.S. Pat. 
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Nos. 6,901,156; 7,406,150; 7,809, 175; 7,828,733 and U.S. 
Publication Nos. 2006/09885; 2008/125643; 2008/0240533 
and 2010/260316, each of which is incorporated by reference 
herein. 

0058. Notably, the medical imaging environment 100 of 
FIG. 1 is presented by way of example only and is not 
intended to limit the scope of the preferred embodiments to 
this particular scenario. By way of example, different com 
binations of the devices 102-132 of FIG. 1 can be placed 
adjacently to each other or integrated into the same hardware 
boxes without departing from the scope of the preferred 
embodiments. By way of still further example, the network 
116 can be a wide-area network with the different nodes being 
distributed throughout a city, a country, or the world. Alter 
natively, and by way of still further example, some orall of the 
transfer of digital information among devices 102-132 can be 
achieved by physical transfer of disks, memory sticks, or 
other digital media devices without departing from the scope 
of the preferred embodiments. In view of the present disclo 
sure, a person skilled in the art would be able to implement 
methods, systems, and/or computer program products 
capable of achieving the described UIs and processing func 
tionalities without undue experimentation, using publicly 
available programming tools and Software development plat 
forms. By way of example, the SVTouch remote application 
can be developed using the Objective-C programming lan 
guage, while the SVTouch host program can be developed 
using the C# (also termed C-Sharp) programming language. 
0059 FIGS. 2A-D illustrate how embodiments are oper 
able transform review workstation 120 UIs into touchscreen 
user interfaces for a mobile communication device to control 
display or invoke display of different types of medical 
images, e.g., medical images of different types of imaging 
modalities, different types of view modes, or different types 
of imaging modalities and different types of view modes. 
Further, embodiments may be operable to control different 
types of images in that they are generated by the same imag 
ing device, which may generate medical images of the same 
imaging modality but different review modes, different imag 
ing modalities but the same mode, or different imaging 
modalities and different respective view modes. Embodi 
ments may also be operable to control display of different 
types of images generated by imaging devices of different 
manufacturers, and which may involve different UIs at the 
review workstation 120. 

0060. In the embodiment illustrated in FIGS. 2A-D, the 
IPAD 134 and the output display 122 of the review worksta 
tion 120 while SVTouch host and SVTouch remote applica 
tions are running according to a preferred embodiment. The 
output display 122 currently shows four output windows A, 
B, C, and D, which either correspond to different types of 
medical images in that they are of different modalities, or 
different review modes within a particular modality. As used 
herein, “active output window' refers to the particular one of 
the output windows A, B, C, or D to which the radiologist 
(“user') is focusing their attention, identified or selected. 
There will generally be no more than one active output win 
dow at any particular time. 
0061 The identity or selection of the active output win 
dow can be established by a variety of different methods, for 
example, associating the active window with the current loca 
tion of a cursor 202 or other control or UI element of the 
review workstation (which does not involve a touchscreen US 
as in a UI of an IPAD). Thus, when the user hovers the cursor 
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202 over the 'A' output window, such as by controlled move 
ment of the mouse 132, then the 'A' window is identified or 
selected as the active output window. In other embodiments, 
it can be required that the user provides a mouse click within 
that output window to establish that output window as the 
active window, as opposed to merely hovering the mouse over 
that output window. Alternatively, the active window can be 
detected by automated head movement detection or auto 
mated eye movement detection as used in heads-up displays 
for fighter aircraft or driver eye activity monitors in newer 
luxury cars. Any of a variety of other means (direct keyboard 
input, foot petals, audio inputs) can be used to establish the 
currently active window without departing from the scope of 
the present teachings. 
0062. As illustrated in FIG. 2A, when output window “A” 

is the active output window on the output display 122, this is 
recognized by the SVTouch host application on the UI pro 
cessor 126, which then communicates with the SVTouch 
remote application on the IPAD 134 to invoke a first touchpad 
control scheme 204A for that type of medical image. The first 
touchpad control scheme 204A is specially configured to 
correspond to the particular type, e.g., modality and/or review 
mode, of the active output window 'A', including a variety of 
visible touchpad controls A1-A24 as shown. In this manner, 
the UI elements and controls provided thereby of the review 
workstation 120 are transformed into touchpad or touch 
screen elements or controls for that medical image type to 
provide the same or similar controls with a different arrange 
ment of touchscreen UI elements presented on an IPAD 134. 
0063. As used herein, the terms “interface element.” 
“touchscreen element” and “touchpad control refer to any 
actuable user control input provided by the IPAD 134, and can 
include visible touchpad controls and non-visible touchpad 
controls. As used herein, a visible touchpad control is one that 
is evidenced by a viewable image of a touchpad key, knob, 
roller, slider, toggle switch, trackball, or the like that can be 
actuated at its displayed location on the touchscreen by a 
“virtual pressing, turning, sliding, rolling, etc. on the touch 
pad. The visible touchpad controls A1-A6 can be simple 
softbuttons, for example, while visible touchpad control A24 
can be a slider control, for example. As used herein, non 
visible touchpad controls are ones that do not have a particu 
lar location identified on the screen, but that are actuable by a 
user behavior, such as a single-finger linear Swipe, double 
finger linear Swipe, circular Swipe, double-finger separation 
Swipe, and so forth. 
0064. According to a preferred embodiment, the SVTouch 
host application on the UI processor 126 and the SVTouch 
remote application on the IPAD 134 maintain a real-time 
communication therebetween, and operate and cooperate 
such that the IPAD 134 provides a current, up-to-date touch 
pad control scheme that corresponds in real time to the cur 
rently active output window on the output display 122. Thus, 
when the cursor is moved to output window “B”, a second 
touchpad control scheme 204B for that type of image is 
provided. When the cursor is moved to output window “C”, a 
third touchpad control scheme 204C for that type of image is 
provided. When the cursor is moved to output window “D', a 
fourth touchpad control scheme 204D is provided for that 
type of medical image, and so forth. Advantageously, the user 
is automatically provided with a control device that is opti 
mized for the particular output window and corresponding 
type of image upon which they are focusing their attention at 
that moment. In addition to being advantageous when chang 
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ing focus from one modality type to another on the user 
display 122 (e.g., from a tomosynthesis window to an ultra 
Sound window), it can also be advantageous when changing 
focus from one particular view type to another particular view 
type within any particular modality (e.g., from a tomosynthe 
sis projection-view window to a tomosynthesis reconstructed 
slice-view window), because the touchpad control scheme 
can be optimized and streamlined for each particular type of 
viewing mode. Thus, the SVTouch host and remote applica 
tions according to the preferred embodiments herein are just 
as advantageous in the context of single-modality review 
workstations as for multi-modality review workstations. 
0065 Generally speaking, at least as a starting point prior 
to customization, the touchpad controls provided in any par 
ticular touchpad control scheme 204A-204D correspond to 
controls that would be provided by an application specific 
hardware device, such as the application-specific hardware 
auxiliary input device 130 shown in FIG. 1, supra. Advanta 
geously, however, a much richer variety of controls, essen 
tially a limitless variety, is made possible. A wide variety of 
default touch control schemes can be provided in software, 
hardware, or firmware forms from which the user, or system 
administrator, can pick and choose at SVTouch setup time. 
Preferably, the touchpad control schemes can be customized 
by the user, both (i) in terms of the way any particular control 
is placed and/or actuated on the IPAD 134 and (ii) in terms of 
the corresponding function that is achieved in the active out 
put window of the review workstation 120 upon actuation of 
that control. 

0066 FIGS. 3A-3B illustrate physical modification of an 
IPAD to further optimize user experience according to a pre 
ferred embodiment, wherein textured material patches 355, 
which are reasonably transparent to light, are physically 
placed on the touchscreen at locations corresponding to 
selected “home' touchpad controls. A haptic or tactile feed 
back sensation is provided when the user places their finger 
on the “home' touchpad controls, providing similar advan 
tages to the “home' keys (F and J) on a mechanical QWERTY 
keyboard. The user can then develop a muscle memory (or, 
alternatively, preserve a muscle memory already developed 
on another mechanical or electronic input device) for those 
home keys and the relative locations of the other touchpad 
controls. The haptic feedback can prevent the need for the 
user to keep looking at the IPAD 134 (and away from the 
diagnostic output display 122) to see where the visible touch 
pad controls are located. The textured material patches 355 
can be permanently affixed to the IPAD 134 screen or, more 
preferably, can be removably affixed thereto (e.g. using adhe 
sives similar to those of POST-IT flags), or affixed to a screen 
protector or template that is itself removable from the IPAD, 
or created by making mechanical deformations in a remov 
able screen protector. 
0067 FIG. 4A illustrates a customized template 402 com 
prising a rigid material, such as PLEXIGLASS, into which 
Void patterns 404 are formed in an arrangement correspond 
ing to the touchscreen control scheme 204A of FIG. 2A, 
supra. FIG. 4B illustrates a similarly customized template 
406 having void patterns 408 corresponding to the touch 
screen control scheme 204C of FIG. 2C, supra. FIGS.5A and 
5B illustrate the customized templates 402 and 406 as placed 
on the IPAD 134 while it is providing touchscreen control 
schemes 204A and 204C, respectively. The preferred 
embodiment of FIGS. 4A-5B, which can be used separately 
from or in conjunction with the preferred embodiment of 
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FIGS. 3A-3B, provides haptic or tactile input to the user hand 
to guide them to the correct touchpad control locations, thus 
reducing the need to look at the IPAD 134. Non-rigid mate 
rials, such as MYLAR, paper, cardboard, foam, etc., can 
alternatively be used for the templates 402 and 406. The 
templates may be permanent or removable depending on the 
number of “layouts” of touchpad control schemes required. 
0068 FIGS. 6A-6D illustrate a hand-specific, location 
specific dynamic touchpad control scheme according to a 
preferred embodiment. As illustrated in FIGS. 6A-6B, the 
touchpad control scheme 204A is configured such that, when 
a user taps the IPAD screen with the tips of all five fingers 
simultaneously, an auxiliary touchpad control scheme 654A 
is actuated in which a preselected subset of visible touchpad 
controls 660 (in this example, touchpad controls A6, A22, A3, 
A14, and A10 for the thumb, index finger, middle finger, ring 
finger, and little finger, respectively) are automatically and 
instantaneously placed at the detected locations of the five 
fingertips. 
0069. Additionally, as illustrated in FIGS. 6C-6D, the pre 
selected subset of visible touchpad controls 660 will follow 
the position of the hand if the user moves the location of their 
hand. In contradistinction to the one-size-fits-all mechanical 
device 130 of FIG. 1, the SVTouch system including the 
customizable selection of the touchpad controls 660 advan 
tageously represents an easy to implement, cost effective 
Solution for allowing a radiologist to customize the control 
inputs according their own personal proclivities. For 
example, a first radiologist may have a proclivity to perform 
a lot of on-screen measurements, and so can select most of the 
touchpad controls 660 to be measurement tools or to instan 
tiate measurement tools. A second radiologist may have an 
inclination perform a lot of on-screen magnifications and 
gamma adjustments, and so can select most of the touchpad 
controls 660 to be on-screen magnifications and gamma 
adjustment tools. 
0070. In other preferred embodiment (not shown), the 
auxiliary touchpad scheme 654A is configured to sense a 
lifting and dropping of the thumb while the other four fingers 
remain in contact with the screen, whereupon a functionality 
similar to “ALT or “SHIFT on a QWERTY keyboard is 
provided in which a secondary set of preselected visible 
touchpad controls automatically replace the preselected Sub 
set 660. The user can then lift and drop their thumb again to 
bring back the original preselected subset 660. Other suitable 
finger movements to actuate and de-actuate the “SHIFT 
functionality can be used without departing from the scope of 
the present teachings. 
0071 Preferably, the operation of the active-window 
driven selection of the current touchpad control scheme, as 
presented in FIGS. 2A-2D Supra, continues working in con 
junction with the hand-specific, location-specific dynamic 
touchpad control scheme of FIGS. 6A-6D to adapt to differ 
ent image types. Thus, for example, if the user has tapped the 
touchpad at FIG. 6A and the scheme 654A of FIG. 6B is being 
shown for that image type, and then the active window on the 
output display 122 is changed from the 'A' window of FIG. 
2A to the “C” window of FIG. 2C, then the five buttons 
appearing under the user's fingers in FIG. 6B will automati 
cally change to five preselected “C” buttons (for example, 
buttons C4, C2, C13, C15, and C10) (not shown) for that 
image type, or that the user has previously preselected. 
(0072 FIGS. 7-8 conceptually illustrate different options 
for customization and response with respect to different user 
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hands. The SVTouch remote app software is configured to 
recognize, such as by virtue of fingertip location pattern, 
whether it is the right hand or the left hand that is touching the 
touchpad screen. For the option of FIG. 7, the same sets of 
touchpad controls are used for the opposing hands, but appear 
in opposing spatial order. For the option of FIG. 8, entirely 
different subsets of touchpad controls are used for the right 
and left hands. 
0073 FIGS. 9-17 illustrate screen shots of how embodi 
ments may be implemented with regard to active windows 
corresponding to tomosynthesis and MRI imaging modali 
ties, and associated auxiliary touchscreen interfaces associ 
ated with different types of images associated with their 
respective different imaging modalities. 
0074 FIG. 9 illustrates a home screen 900 of an IPAD 
upon which has been loaded the SVTouch remote app, which 
appears as an SVTouch program icon 902 just like any other 
application on the IPAD. In one embodiment of commercial 
operation, the SVTouch app will be downloadable from a 
website or app store such as Apple's App Store. FIGS. 10-13 
and FIG. 16 illustrate screenshots from an IPAD running an 
SVTouch remote application according to a preferred 
embodiment, while FIGS. 14-15 and FIGS. 17-18 illustrate 
screenshots from a processing unit associated with a medical 
image review workstation that is running an SVTouch host 
application according to a preferred embodiment. 
0075. As made apparent by FIG. 9, the IPAD 134 can 
belong the user in their personal capacity and can be used for 
a variety of different purposes or endeavors, such as listening 
to music, Surfing the web, doing online banking, and so forth. 
The IPAD 134 does not need to have any particular acquisi 
tion-related association with any particular medical image 
review workstation or other aspect of the hospital information 
system, but rather simply needs to have the SVTouch appli 
cation loaded onto it, placed in communication with the wire 
less access point 114, and provided with the IP address of the 
server that is running the SVTouch host application. Thus, 
advantageously, the same IPAD used for SVTouch function 
ality can be used to provide many conveniences and/or com 
forts for the radiologist as well. Such as allowing them to bring 
music from home, use headphones, make telephone calls, 
check their e-mail, Surf the web, control the ambient room 
lighting (using an IPAD app), and talk by intercom to other 
radiologists, technologists, or hospital personnel. 
0076. As illustrated in FIG. 10, upon invoking the 
SVTouch remote app, the user is presented with an introduc 
tory screen 1000 providing a listing 1002 of review worksta 
tions having an SVTouch server (SVTouch host) application 
to which they can connect, which can be one of many differ 
ent workstations (e.g., their clinic office, their hospital office, 
their residence or vacation home office, etc.) with which they 
are associated. 

0077 FIGS. 11 and 12 illustrated how embodiments can 
generate different touchscreen interfaces for display on a 
mobile communication device for different types of images, 
which may involve one or more of different types of imaging 
modalities, different view modes, and different images gen 
erated by different imaging device manufacturers. FIG. 11 
illustrates an example of a touchpad control scheme 1104A 
for a first type of medical image or an active output window 
corresponding to an imaging modality type such as a tomo 
synthesis modality, analogous to the touchpad control 
scheme 204A of FIG. 2A. FIG. 12 illustrates an example of a 
touchpad control scheme 1204D for a second type of medical 
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image or a second active output window corresponding to a 
different imaging modality type such as a MRI modality, 
analogous to the touchpad control scheme 204D of FIG. 2D. 
Shown as persistent controls in the upper right hand corner of 
the touchpad screen are a cursor control toggle 1106 and a 
microphone on/off toggle 1108. When the cursor control 
toggle 1106 is set in an active state, the IPAD touchscreen (or, 
alternatively, some portion of the IPAD touchscreen) 
becomes operative as a regular touchpad mouse for control 
ling the cursor 202 (see FIGS. 2A-2D) on the workstation 
display 122 to select a different window or type of image. 
When the cursor control toggle 1106 is returned to an inactive 
state, the IPAD is returned to a mode in which the SVTouch 
functionalities described herein are resumed. 
0078 FIG. 13 illustrates an auxiliary touchpad control 
scheme 1354A that appears upon tapping the touchpad con 
trol scheme of FIG. 11 (tomosynthesis) with all five right 
hand fingers simultaneously, analogous to the functionality 
described in FIGS. 6A-6D above, and featuring the five vis 
ible touchpad controls 1360a-1360e as shown for a particular 
image type. 
(0079 FIGS. 14-15 illustrate a 5 button configuration win 
dow of the SVTouch host application for selecting the five 
“favorite' touchpad controls that will appear in FIG. 13. As 
illustrated, a set of touchpad control selection windows 
1360a'-1360e' are provided for allowing the user to choose 
the functionalities associated with the visible touchpad con 
trols 1360a-1360e, respectively, of FIG. 13. 
0080. Also provided are a set of selection windows 1470 
for allowing the user to choose the functionalities associated 
with the non-visible touchpad controls, including a 1-finger 
Swipe left, 1-finger Swipe right, 2-finger Swipe left, and 2-fin 
ger swipe right. Shown in FIG. 15 is one of the selection 
windows expanded to show a listing 1580 of tomosynthesis 
centric workstation functions from which the user can select 
to associate with the respective “touchpad controls. The col 
umn labeled 'A' in FIGS. 14-15 is for designating the pri 
mary five favorite touchpad controls, while the column 
labeled “B” in FIGS. 14-15 is for designating the secondary 
five favorite touchpad controls that will appear in the 
“SHIFT or “ALT scenario described above (e.g., when the 
user lifts and drops their thumb while the other four fingers 
remain in contact with the screen). 
I0081 FIG. 16 illustrates an auxiliary touchpad control 
scheme that appears upon tapping the touchpad control 
scheme of FIG. 12 (MRI) with all five right-hand fingers 
simultaneously, analogous to the functionality described in 
FIGS. 6A-6D above, and featuring the five visible touchpad 
controls 1660a-1660e as shown. FIGS. 17-18 illustrate the 5 
button configuration window of the SVTouch host applica 
tion for selecting the five “favorite' touchpad controls that 
will appear in FIG. 16. Included in FIGS. 17-18 are a set of 
touchpad control selection windows 1660a'-1660e' corre 
sponding respectively to the assignments for the visible 
touchpad controls 1660a-1660e. Further included in FIGS. 
17-18 is a set of Selection windows 1770 for the non-visible 
touchpad control functional assignments, and a listing 1880 
of MRI-centric workstation functions from which the user 
can select to associate with the respective touchpad controls. 
I0082) Notably, although the listings 1580 and 1880 of 
workstation function from which the user can select in FIG. 
15 (tomosynthesis imaging type) and FIG. 18 (MRI imaging 
type) number in the dozens, there can more generally be 
hundreds of different review workstation function options 



US 2012/0133600 A1 

provided. Optionally, audio controls (“next CAD mark', 
“next slab”) can be associated with visible or non-visible 
touchpad controls, such that those commands can be invoked 
either by the required touch/gesture or by a Voice command 
input. According to one preferred embodiment, a macro lan 
guage is provided so that touchpad controls can be pro 
grammed to invoke specialized routines on the review work 
station 120. By way of example, the macro language can 
provide the ability to specify particular cursor movements (in 
absolute screen coordinates and/or offset coordinates relative 
to the currently active window), cursor button clicks, particu 
lar keystroke sequences, and so forth. 
0083. By way of example, one particular macro can be 
typed in as the following ASCII sequence: (a) 100.(a)300,2) 
{SL1} {#250} {100.450} {SL2}hj. The meaning of this 
ASCII sequences means: move to absolute position (100,300) 
on screen 2, then click left mouse button, then wait 250 
milliseconds, then move to relative position (100.450), then 
click the right mouse button, then type the characters “hj'. 
0084. For one preferred embodiment, a macro recording 
capability can also be provided that allows the user to record 
and store particular sequences of mouse movements, key 
board inputs, mouse clicks, and the like, to create a macro 
without needing to code it in the macro programming lan 
guage. For one preferred embodiment, the macro program 
ming, recording, and storage methodologies can be similar to 
those of a popular and easy to use Windows-based macro 
system called AutoHotKeys, information about which can be 
found on the WorldWideWeb at autohotkeys dotcom (www. 
autohotkeys.com). 
0085. There is further disclosed the following concepts, 
which are intrinsically provided as part of the above described 
technology or which can be readily integrated therewith or 
incorporated in conjunction therewith. The IPAD/SVTouch 
can be used as a UI device for a review workstation such as a 
Hologic SECUREVIEW DX, optionally to completely 
replace the SECURVIEW DX workflow keypad, to replace 
the mouse, the on-screen buttons, and/or to replace even the 
keyboard (since the IPAD on-screen keyboard is available.) 
The IPAD/SVTouch can be placed into an adjustable orien 
tation for best use as a touch-screen controller, with a balance 
of ergonomics with visibility of the screen at the most com 
mon viewing angles. Soft wrist Supports can be provided with 
the IPAD/SVTouch, and registered indents or touch tape used 
to allow the user to find a “home' position akin to the little 
nubs on QWERTY keyboard F and J keys. The IPAD/SV 
Touch can be customized by touching each finger to the IPAD 
to determine the length of fingers reach, optionally to Scale 
the location of control buttons to the length of reach, option 
ally to scale the size of control buttons according to length of 
reach, and optionally to Scale the length of sliders. Seamless 
left hand versus right hand control can be provided, such as by 
optionally auto-flipping the presentation of visible touch 
screen controls when the hand is changed. 
I0086 Optionally, various functions of the administrative 
display 124 of FIG. 1 can be incorporated onto the IPAD/ 
SVTouch display, such as the patient worklist, or optionally 
all of the non-imaging administration-type information can 
be displayed on the IPAD/SVTouch such that all the other 
screens are used exclusively for imaging information. The 
IPAD/SVTouch can be used to display RIS information, user 
documentation, and training materials. Tabbed controls can 
be provided for access to the keypad/RIS/worklist/reporting 
system. 
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I0087 Optionally, a non-diagnostic quality miniaturized 
version of a medical image with CAD markers located 
thereon can be displayed on the IPAD/SVTouch (i.e., an 
annotation road map), and the CAD markers can be checked 
off by touching them at their locations on the touchscreen. 
The IPAD/SVTouch can be used as a UI for clinical studies, 
the touch screen for recording finding locations on low-reso 
lution images. 
I0088. The IPAD/SVTouch can be used to replace existing 
keypad controls and to provide new controls for displaying 
and viewing different types of medical images. For binary 
controls, the assignment of any SECURVIEW function to an 
IPAD button can be provided. The IPAD/SVTouch can use 
sliders and regional XY touch-sensitive areas for 1D and 2D 
controls, and optionally facilitate separation of some 2D con 
trols into two 1D controls (such as WW/WC adjustment). The 
IPAD/SVTouch can use 2D multi-touch to control Zooming, 
1D multi-touch controls for stretching 1D things like contrast 
range or brightness range (setting simultaneous upper and 
lower ranges), slide controls to slide through temporal series 
of prior studies, multi-touch to control the two ends of cut 
planes in reconstructed MR (and other) images in 3D data 
sets, and drag and drop controls (e.g., drag from a navigator 
on the IPAD to window icons on the IPAD rather than, or in 
addition to, moving the mouse on the workstation display 
screen). The IPAD/SVTouch can incorporate connections to 
SECURVIEW DX such as wired USB for direct control, and 
wireless (802.11a/b/g/n) for wireless control, and wireless 
(BLUETOOTH) for proximity control (the ability to walk up 
to the SECURVIEW with an IPAD 134 and it connects auto 
matically). That way doctors can bring their own IPAD/SV 
Touch and configure them to work with any appropriately 
equipped SECURVIEW DX. 
I0089 Although particular embodiments have been shown 
and described, it should be understood that the above discus 
sion is not intended to limit the scope of these embodiments. 
While embodiments and variations of the many aspects of the 
invention have been disclosed and described herein, such 
disclosure is provided for purposes of explanation and illus 
tration only. Thus, various changes and modifications may be 
made without departing from the scope of the claims, and 
many alterations and modifications of the present invention 
will no doubt become apparent to a person of ordinary skill in 
the art after having read the foregoing description. Thus, it is 
to be understood that the particular embodiments shown and 
described by way of illustration are in no way intended to be 
considered limiting. 
0090. For example, while SVTouch remote app configu 
ration associated with FIG. 1 is described as being placed in 
communication with the wireless access point 114 and being 
provided with the IP address of the server that is running the 
SVTouch host application, in other embodiments there can be 
provided automated or semi-automated proximity-sensing 
functionality, wherein the IPAD 134 can automatically rec 
ognize that it is next to a review workstation, using BLUE 
TOOTH or infrared communications, for example, and can 
automatically connect to that review workstation and instan 
tiate an SVTouch control session. By way of further example, 
non-visible touchpad controls that can be incorporated into 
the IPAD/SVTouch can include a gesture-based language, 
similar to the Graffiti single-stroke shorthand handwriting 
recognition system used in personal digital assistant devices 
based on the PALM OS. 
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0091. By way of still further example, it is to be appreci 
ated that the functions of the SVTouch host (also called 
SVTouch server) program can be segregated and placed on 
different pieces of computing equipment. For example, there 
can be provided a centralized SVTouch registration and cus 
tomization service run on a single computer in a HIS/RIS 
network, and this central server can feed the required infor 
mation to the SVTouch host and remote apps at the beginning 
of each radiology review session. Alternatively, there can be a 
web-based SVTouch registration and customization service 
hosted by an ASP (application service provider) so that indi 
vidual hospital IT departments do not need to worry about 
providing it, or other cloud-based or cloud-like implementa 
tion can be provided. 
0092. By way of even further example, within the scope of 
the preferred embodiments is to harness the accelerometer 
function of the IPAD to assist guiding the workflow. For 
example, the user can shake the IPAD to select a random 
patient from the unread patient worklist to read next, jiggle 
the IPAD to the left to return to the previous patient, jiggle the 
IPAD to the right to proceed to the next patient, and so on. 
0093. By way of still further example, it is to be appreci 
ated that the multiple output windows A-D with different 
types of images as shown in FIGS. 2A-2D supra can further 
be differentiated based on system component manufacturer in 
addition to modality type and review mode type. Thus, for 
example, the review workstation 120 could be provided with 
the ability to run review workstation packages from two dif 
ferent manufacturers (e.g., GE and Hologic), with the user 
being able to display one output window from Hologic and 
another output window from GE, both windows being of the 
same modality (Such as conventional mammography) and of 
a similar review modes (such as single-view CC images). In 
such case, the IPAD/SVTouch would be configured to present 
a first touchpad control scheme optimized for a first type of 
medical image, e.g., the GE mammof single view CC window 
when the GE output window is active, and then a second 
touchpad control scheme optimized for a second type of 
medical image, e.g., the Hologic mammofsingle view CC 
window when the Hologic output window is active. 
0094. As a further example, different imaging devices 
may generate different medical images of the same imaging 
modalities, and different UIs at the review workstation for 
those different imaging devices can be transformed into 
respective touchscreen UIs for display on a mobile commu 
nication device. Thus, a first touchscreen UI may be gener 
ated, displayed or invoked for display for a tomosynthesis 
image generated with a first type of imaging device or a 
tomosynthesis imaging device of a first manufacturer or ven 
dor, whereas a second touchscreen UI may be generated, 
displayed or invoked for display for another tomosynthesis 
image generated with a second type of imaging device or 
tomosynthesis imaging device of a second manufacturer or 
vendor. 

0095. Therefore, reference to the details of the preferred 
embodiments are not intended to limit their scope, and it will 
be understood that review workstation UIs may be trans 
formed into touchscreen UIS generated, displayed and 
invoked for display for different types of imaging modalities, 
different types of view modes, different types of imaging 
modalities and view modes, and images generated using dif 
ferent types of imaging devices, e.g., imaging devices of the 
different manufacturers, which may be of the same or differ 
ent imaging modality. 
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0096. Further, it will be understood that embodiments may 
be directed to computer-implemented methods, involving 
and/or performed by a review workstation, interface proces 
sor and mobile communication device, systems, and non 
transitory computer program products, articles of manufac 
ture or mobile applications, including native and 
downloadable applications executed on a mobile communi 
cation device, and that Such programs, instructions or appli 
cations may be stored in memory including one or more of 
cache, RAM, ROM, SRAM, DRAM, RDRAM, EEPROM 
and other types of volatile or non-volatile memory capable of 
storing data, and that a processor unit that executes instruc 
tions may be or include multiple processors, a single threaded 
processor, a multi-threaded processor, a multi-core processor, 
or other type of processor capable of processing data. Method 
embodiments may also be embodied in, or readable from, a 
computer-readable medium or carrier, e.g., one or more of the 
fixed and/or removable data storage data devices and/or data 
communications devices connected to a computer. Carriers 
may be, for example, magnetic storage medium, optical Stor 
age medium and magneto-optical storage medium. Examples 
of carriers include, but are not limited to, a floppy diskette, a 
memory stick or a flash drive, CD-R, CD-RW, CD-ROM, 
DVD-R, DVD-RW, or other carrier now known or later devel 
oped capable of storing data. The processor executes program 
instructions within memory and/or embodied on the carrier to 
implement method embodiments. Further, embodiments may 
reside and execute on a mobile communication device such as 
a Smartphone, tablet computing device and other mobile 
communication devices. 

(0097. Additionally, it will be understood that the interface 
processor may be a stand-alone component or integrated into 
a review workstation, and that embodiments may be executed 
by the host program, by the remote program or application, or 
by both. Thus, it will be understood that embodiments may 
involve displaying touchscreen interfaces or invoking or pro 
viding touchscreen data to a mobile communication device to 
be processed and displayed on a screen of the mobile com 
munication device. Thus, a touchscreen interface may be 
displayed or invoked by display by the mobile communica 
tion device and/or interface processor. 
0098. Further, while certain embodiments are described 
with reference to a “five finger tap' embodiments may 
involve other numbers of fingers (defined to include fingers 
and thumb) simultaneously tapping an IPAD screen. Further, 
Such tap functions may be utilized to display or invoke an 
auxiliary display and/or other functions such as Switching to 
a different patient. Moreover, the subset of interface elements 
displayed upon detecting a multi-finger tap may be selected 
by the user or be selected or identified (e.g., by the host or 
remote program or application) based at least in part upon 
interface elements determined to be the most popular or uti 
lized most often and elements positioned under fingers that 
tapped the screen. 
0099 For example, a multi-finger tap with fingers 
arranged over a first set of keys would result in a subset of 
interface elements including only those tapped interface ele 
ments, whereas a multi-finger tap with fingers arranged over 
a second, different set of keys would result in a subset of 
interface elements including only those tapped interface ele 
ments. It will also be understood that different subsets of UI 
elements displayed in response to an action Such as a 5 finger 
tap can be displayed or invoked for display depending on the 
type of the currently displayed image. Such that the Subset of 
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interface elements are adapted to and suitable for the particu 
lar image type being displayed before the action occurs. 
0100 Additionally, while certain embodiments are 
described with reference to touchscreen interfaces, review 
modes and imaging modalities associated with breast tissue, 
it will be understood that embodiments may apply to medical 
imaging of various other parts of the human body. 
0101 Certain embodiments are described with reference 
to medical images being selected by a user, but medical 
images may also be automatically selected, e.g., based on a 
sequence or alphabetical listing. 
0102) While this specification describes certain embodi 
ments individually, embodiments may also involve various 
combinations of features, for example, a combination dis 
playing or invoking for display touchscreen interfaces in 
combination with one or more or all of the “five finger tap' 
functionality, selection of an image or active window using 
the review workstation or mobile communication device, 
patches or templates to provide haptic feedback, macro 
execution, customizing location of interface elements dis 
played according to the positioning and length of a user's 
fingers, translating or flipping touchscreen interfaces for use 
by different hands, generating a single handed or dual handed 
touchscreen interface on a mobile communication device, 
detecting shaking or jiggling to invoke some action Such as 
Switching from reviewing images of one patient to reviewing 
medical images of another patient, and allowing for control of 
review of images generated by different review workstation 
manufacturers using a mobile communication device. Thus, 
embodiments may involve any one of these or other embodi 
ments or aspects thereof individually or in combination, and 
description of an embodiment or feature thereof individually 
is not intended to limit the scope of combinations of Such 
embodiments or features. 
0103 Moreover, where computer-implemented methods 
and associated user actions are described in a particular 
sequence to indicate certain events occurring in certain order, 
those of ordinary skill in the art having the benefit of this 
disclosure would recognize that the ordering may be modified 
and that Such modifications are in accordance with the varia 
tions of the invention. Additionally, parts of methods may be 
performed concurrently in a parallel process when possible, 
as well as performed sequentially. 

1. A computer-implemented method for controlling dis 
play of medical images, comprising: 

establishing a network connection between a mobile com 
munication device and an interface processor operably 
coupled to a review station operable by a user to review 
medical images with a first user interface of the review 
station; 

determining a first medical image of a first type selected by 
the user; 

displaying or invoking for display on a screen of the mobile 
communication device, a second user interface compris 
ing a first touchscreen interface for controlling display 
of the first medical image; 

determining a second medical image of a second type 
selected by the user, the second type being different than 
the first type; and 

displaying or invoking for display on the screen, a third 
user interface comprising a second touchscreen inter 
face different than the first touchscreen interface for 
controlling display of the second medical image. 
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2. The computer-implemented method of claim 1, wherein 
the first medical image was generated with a first type of 
imaging modality different than a second type of imaging 
modality utilized to generate the second medical image. 

3. The computer-implemented method of claim 1, wherein 
the first medical image is displayed in a first type of view 
mode different than a second type of view mode in which the 
second medical image is displayed. 

4. The computer-implemented method of claim 1, wherein 
the first medical image was generated with a first type of 
imaging modality different than a second type of imaging 
modality utilized to generate the second medical image, and 
the first medical image is displayed in a first type of view 
mode different than a second type of view mode in which the 
second medical image is displayed. 

5. The computer-implemented method of claim 1, further 
comprising 

receiving the first medical image and the second medical 
image at the review station from respective imaging 
devices that generated respective images. 

6. The computer-implemented method of claim 5, wherein 
the first medical image was generated with a first imaging 
device of a first manufacturer different than a second manu 
facturer of a second imaging device that generated the second 
medical image. 

7. The computer-implemented method of claim 1, further 
comprising: 

receiving the first medical image and the second medical 
image at the review station from an imaging device that 
generated both of the first medical image and the second 
medical image. 

8. The computer-implemented method of claim 1, the first 
medical image being selected by the user manipulating the 
first user interface of the review station. 

9. The computer-implemented method of claim 1, the first 
medical image being selected with the first user interface of 
the review station that is not a touchpad interface. 

10. The computer-implemented method of claim 1, the 
second medical image being selected by the user manipulat 
ing the first touchscreen interface displayed on the screen of 
the mobile communication device. 

11. The computer-implemented method of claim 1, the 
connection being established through a wireless network. 

12. The computer-implemented method of claim 1, the 
interface processor receiving data of the first user interface for 
controlling display of the first medical image; 

transforming controls of the first user interface into the 
second user interface for real-time control of display of 
the first medical image using the mobile communication 
device; 

receiving data of the first user interface for controlling 
display of the second medical image; and 

transforming controls of the first user interface into the 
third user interface for real-time control of display of the 
second medical image using the mobile communication 
device. 

13. The computer-implemented method of claim 1, the first 
user interface comprising a plurality of windows including 
respective medical images, the interface processor determin 
ing an image selected by the user based at least in part upon a 
window being identified or selected as an active window. 

14. The computer-implemented method of claim 13, at 
least two windows corresponding to respective medical 
images displayed in different types of view modes. 
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15. The computer-implemented method of claim 13, at 
least two windows corresponding to medical images and that 
were generated using different imaging modalities. 

16. The computer-implemented method of claim 13, only 
one window being the active window at a given time. 

17. The computer-implemented method of claim 13, the 
interface processor determining a window identified or 
selected as the active window based at least in part upon the 
user manipulating the first user interface. 

18. The computer-implemented method of claim 13, the 
interface processor determining a window identified or 
selected as the active window based at least in part upon the 
user manipulating the second user interface displayed on the 
mobile communication device screen. 

19. The computer-implemented method of claim 1, the first 
touchscreen interface comprising a plurality of interface ele 
ments in a first arrangement for controlling review of the first 
medical image of the first type, the second touchscreen inter 
face comprising a plurality of interface elements in a second 
arrangement different than the first arrangement for control 
ling review of the second medical image of the second type. 

20. The computer-implemented method of claim 1, the first 
medical image and the second medical image being images of 
a first patient, the method further comprising: 

detecting shaking of the mobile communication device by 
the user, and 

displaying or invoking for display, on the Screen, a fourth 
user interface comprising a third touchscreen interface 
different than the second touchscreen interface for con 
trolling display of a medical image of a second patient 
different than the first patient. 

21. The computer-implemented method of claim 1, further 
comprising: 

detecting which hand of the user is applied to the screen to 
manipulate a touchscreen interface; 

detecting when a different hand of the user is applied to the 
Screen; and 

displaying or invoking for display, on the screen, elements 
of the touchscreen interface that are flipped for use by 
the different hand. 

22. The computer-implemented method of claim 1, the first 
touchscreen interface and the second touchscreen interface 
being customized to respective lengths of respective fingers 
of the user of the mobile communication device. 

23. The computer-implemented method of claim 1 being 
performed by an application executing on the mobile com 
munication device, the application receiving data related to 
the first and second medical images and respective first and 
second touchscreen interfaces from the interface processor. 
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24. The computer-implemented method of claim 1 being 
performed by the interface processor, the interface processor 
communicating with an application executing on the mobile 
communication device for display of the first and second 
touchscreen interfaces on the screen of the mobile communi 
cation device. 

25. A computer program product comprising a non-transi 
tory computer readable storage medium having stored there 
upon a sequence of instructions which, when executed by a 
computer, causes the computer to perform a process for con 
trolling display of medical images, the process comprising: 
establishing a network connection between a mobile commu 
nication device and an interface processor operably coupled 
to a review station operable by a user to review medical 
images with a first user interface of the review station, deter 
mining a first medical image of a first type selected by the 
user, displaying or invoking for display on a screen of the 
mobile communication device, a second user interface com 
prising a first touchscreen interface for controlling display of 
the first medical image, determining a second medical image 
of a second type selected by the user, the second type being 
different than the first type, and displaying or invoking for 
display on the Screen, a third user interface comprising a 
second touchscreen interface different than the first touch 
screen interface for controlling display of the second medical 
image. 

26. An application executable on a mobile communication 
device and being stored in a non-transitory storage medium of 
the mobile communication device, the application compris 
ing a sequence of instructions which, when executed by a 
processor of the mobile communication device, causes the 
processor to perform a process for controlling display of 
medical images in a screen of the mobile communication 
device, the process comprising: establishing a network con 
nection between a mobile communication device and an 
interface processor operably coupled to a review station oper 
able by a user to review medical images with a first user 
interface of the review station, determining a first medical 
image of a first type selected by the user, displaying or invok 
ing for display on a screen of the mobile communication 
device, a second user interface comprising a first touchscreen 
interface for controlling display of the first medical image, 
determining a second medical image of a second type 
selected by the user, the second type being different than the 
first type, and displaying or invoking for display on the 
screen, a third user interface comprising a second touchscreen 
interface different than the first touchscreen interface for con 
trolling display of the second medical image. 

27-44. (canceled) 


