wo 2015/138893 A1 || IO OO0 OO AR A

(43) International Publication Date
17 September 2015 (17.09.2015)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2015/138893 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
A61B 5/00 (2006.01) A61B 10/00 (2006.01)
A61B 5/01 (2006.01)

International Application Number:
PCT/US2015/020442

International Filing Date:
13 March 2015 (13.03.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/952,332 13 March 2014 (13.03.2014) US
14/657,383 13 March 2015 (13.03.2015) US
14/657,357 13 March 2015 (13.03.2015) US

Applicant: FIRST SENSE MEDICAL, LLC [US/US];
2001 Centerpoint Parkway, Suite 110, Pontiac, MI 48341

(US).

Inventors: ANGOTT, Paul; 442 Five Gaits Court, Bloom-
field Hills, MI 48304 (US). VEMPATY, Pavan; 2784

(74

(8D

(84)

Davison Ave., Auburn Hills, MI 48326 (US). HENKE,
Steven; 42615 Boulden Ct., Canton, MI 48187-3490 (US).
MUDUNURI, Ajay; 4762 Second Avenue #204, Detroit,
MI 48201 (US).

Agents: SCHOMER, Bryan J. et al.; Dickinson Wright
PLLC, 2600 W. Blg Beaver Road, Suite 300, Troy, MI
48084-3312 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(54) Title: APPARATUS AND METHOD FOR DETECTING A PRESENCE OF CANCER

(57) Abstract: A diagnostic apparatus (20) and method for detecting
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a presence of breast cancer in a patient disposed in a testing posi-
tion. The diagnostic apparatus (20) includes a housing (44) and a
camera assembly (58) that is supported by the housing (44) for re-
cording images of the breasts of the patient. A rail (76) is supported
by and extends from the housing (44) and terminates at a pair of rail
ends (80). A trolley (88) interconnects the camera assembly (58) and
the rail (76) and is slideable along said rail (76) for providing move-
ment of the camera assembly (58) along the rail (76) between the
rail ends (80) for allowing the camera assembly (58) to consecut-
ively record images at different positions along the rail (76) and to
capture images of the lymph nodes when the camera assembly (58)
is disposed adjacent to the rail ends (80) in alignment with the sides
of the breasts of the patient
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APPARATUS AND METHOD FOR DETECTING A PRESENCE OF

CANCER

CROSS REFERENCE TO RELATED APPLICATION
{80013 This application claims the benefit of US. Provisional Patent
Appheation Serial No. 61/952.332 filed March 13, 2014, ULS, {hility Patent Application
Serial No. 14/657,357, filed March 13, 2013, and U8, Utility Patent Application Serial No.

14/657,383, filed March 13, 2015, the entire disclosure of which are hereby incorporated by

reference,
BACKGROUND OF THE INVENTION
1. Field of the Invention
[8082] A diagnostic apparatus and method for detecting a presence of breast

cancer in a patient.
2. Description of the Prior Ant

UL ERY Various diagnostic apparatuses and methods are utilized in the felds of
cancer research and treatment to delect a presence of cancer in patienis. Known apparatuses
often utilize st least one stationary thermographic cemera for recording thermographic
images of the breasts of the patient which are thereafler analyzed to detect symptoms of
cancer, Such diagnostic apparatuses Iypically reguire ciher a plurality of stationary
thermographic cameras or a shifting of the entire diagnostic apparatus relative to the patient
to record thermographic images of the breasts, One such diagnostic apparatus is disclosed in
US 7,282.71% to Boaz Amon. Even with multiple thermographic cameras or relative
movement of the disgnostic apparatus, the resultant thermographic hmages often do not
adequately capture all aspects of the breasts necessary to conduct a complete analysis of the

breasts to detect for the presence of breast cancer. Accordingly, these systems and methods
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do not complete a thorough analysis of the breasts of the patient and thus may lead to the
fest results in some cases being inaccurate. Additionally, these apparatuses suffer from other
drawbacks, such as high eguipment and operation costs for doctors that are ultimately
passed onto patient, necessarily reducing the number of patients who participate in the
breast sereening due fo ils high out-ofpocket expense,

{80841 Cther known disgnostic apparatuses and methods of detecting a
presence of cancer subject the petient fo 2 cold stress for a predetermined period of time
during the disgnostic test, The use of the cold siress is based on the recognition that blood
vessels that feed cancerpus tumors in breasts, i.e, angiogenic blood vessels, have a different
anatomical structure than normal blood vessels, causing such angiogenic blood vessels ©
consirict to a lesser degree than normal Moeod vessels in response to a cold stimulus thet s
applied to the body of a patient. As such, the temperature asscciated with normal bloed
vessels decreases (o a greater extent than angiogenic blood vessels when the body of the
patient is exposed to the cold stimulus,

{0085 One example of a diagnostic apparatus and method wilizing 2 cold
stress 18 disclosed i ULS. Pat. No. 7,558,618 to Dann S, Williams (hereinafler “Williams™).
As set forth in the background section of Williams, a control thermographic image of the
breasts of the patient is first recorded, afier which the hands of the patient are subjected to a
cold stress by placing the hands of the patient in a bucket of ice water. After the hands of the
patient are cold stressed, s test thermographic image of the breasts of the patient is recorded.
The control and test thermeographic images are compared with one another to identify regions
of the breasts in which the temperature remained substantially unchanged afler the cooling of
the hands,

[8088] Like the previously mentioned diagnostic spparatuses and methods,

these cold siress apparatuses and methods do not adequately capture all aspect of the breasts
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necessary for an sccurate detection of breasis cancer at least in past because siationary
cameras are utilized. Furthermore, such apparatuses and methods require a technician {o be
in the room at all times to facilitate the application of the cold siress and to record the
thermographic images of the patient. Therefore operational costs necessarily increase from
the added labor costs, leading fo higher out-of-pocket expense for patients, Additionally the
patient is afforded low levels of privacy when they disrobe for the recording of
thermographic images. These factors are known to make patients weary of undergoing such
examinations, and reduce the number of patients who participste in breast screening.

{88877 Accordingly, there remains a need for apparatuses and methods of
detecting cancer that are more sccurate, relisble, affordable and provide for high levels of
privacy for a large number of patients.

SUMMARY OF THE INVENTION

R A diagnostic apparatus for detecting @ presence of breast cancer in a
patient includes a rafl extending from a housing. A trolley supports the camera assembly and
i3 slideably disposed along the rail for allowing the camers assembly to consecutively record
images of breasts of the patient at different positions along the rail.

(8009} A method of examining breasts of a patient in an examination room io
detect for potential breast cancer includes sliding a camera assembly slong a horizontal plane
between a phueality of positions, A plurality of control thermographic images and a plurality
of test thenmographic images are recorded during the sliding movement to allow the camera
assembly 1o consecutively record the control and test thermographic images of breasts of the
patient from each of the plurality of positions.

ADVANTAGES OF THE INVENTION
(8618 The invention in its broadest aspect therefore provides for an imaging

apparatus and method that easily and relisbly records images of the breasts of a patient at
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various positions, including positions that capture lymph nodes on the sides of the breasts of
the patient. Additionally, the apparatus is simple in design snd inexpensive to operale,
which ultimately can save money for both doctors and patients. More specifically, since the
everall systern iz simpler and less expensive than the prior arl systems, this leads to the
breast cancer test being accessible to more patients. In other words, lower upfront tester and
operation costs ultimately provides for lower examination costs for patients, thus reducing
or eliminating the cost barriers for patient participation. As a resulf, the subject diagnostic
apparatus and method is accessible io more patients which leads to increased participstion
in breast cancer screenings.
BRIEF DESCRIPTION OF THE DRAWINGS
18811 Other advantages of the present invention will be readily appreciated,
as the same becomes better understood by reference fo the following detailed description
when considered in connection with the accompanying drawings wherein:
(8812} Figure 1 is a perspective front view of the preferred arrangement of a

diagnostc apparatus;

[RERY Figure 2 is 2 perspeclive rear view of the preferred arrangement of the
diagnostic apparatus;
6814 Figure 3 i3 a cutaway back of the prefered arangement of the

diagnostic apparatus presenting tracks and a lead screw for vertically moving s housing;
H615] Figure 4 is a perspective front view of the preferred embodiment of the
diagnostic sppsratus illustrating sliding movement of a camera sssembly along a rail;
18018} Figure § is a perspective front view of the preferred arrangement of the
diagnostic apparatus illustrating the rail disposed in surrounding relationship with the breasts

of a patient positioned in a testing position;
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{6017} Figure 6 is a perspective view of a trolley and camera assembly of the
preferred arrangement of the diagnostic apparatus;

{8018} Figare 7 is a perspective view of a backiog of the trolley of Figure 6;

18318} Figure 8 iz a flow diagram of a first embodiment of 2 method of
examining breasts of & patient in an examination room o delect for potential breast cancen
and

8828} Figure 9 is a flow diagram of a second embodiment of a method of
gxamining breasts of a patient in an cxamination room to detect for potential breast cancer,

DESCRIPTION OF THE ENABLING EMBODIMENTS

{0021} Referring to the Figures, wherein like numerals indicate corresponding
parts throughout the several views, a diagnostic spparatus 20 is generally shown for detecting
a presence of breast cancer in a patient disposed in a testing position. As best shown in Figurs
5, in a preferred amvangement, the testing position is defined by the patient sitfing in a
standard doctor office chair. However, the testing position could also include a patient
standing in an examination room, sitling in @ wheel chair, sitting on an examination table, or
other style of seating surface,

{6822} The diagnostic apparatus 28 includes a power source 22 of clectrical
energy for providing electrical energy to the diagnostic apparatus 20. The disgnostic
apparatus 2§ further includes & controller 234 having a processor 36 for executing diagnostic
operations to control the diagnostic apparatus 28. The controller 24 also includes a hard drive
28 for storing test information such as thermographic and three-dimensional images, as will
be described in greater defail below, that are received from the executed diagnostic
operations.

jO823] I & preferred avangement, the diagnostic apparatus 20 includes a base

3¢ that has a rectangular boundary border which includes a front wall 32, a back wall 34 and
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a pair of side walls 36 interconnecting the front wall 32 and the back wall 34 at four base
corners. A plurality of legs 38 each extend outwardly from one of the base corners of the base
3¢ to s terminal end. A caster 40 is connected to the terminal end of each of the legs 38 for
establishing rolling movement of the diagnostic apparatus 2¢ over a floor in an examination
room. In the preferred arrangement, the casters 48 are relatively large in size to ease rolling
movement of the diagnostic apparatus 28 t© various positions within the examinstion room.
Bach caster 48 includes a lock 42 {or selectively locking the casters 48 to prevent the rolling
movement of the diagnostic apparatus 28 during testing lo ensure the accurate operation of
the diagnostic apparatus 28, Each lock 42 cen include an asctator that is electrically
connected with the controller 24 for automstically Jocking the caster 48 in response 0 8
command sent from the controller 24,

[6024] A housing 44 is connected with the base 3¢ and has 3 generally cuboid
shape that includes a bottom periphery 4§, a top periphery 48, a front periphery 58, a rear
periphery 52 and a pair of side peripheries 54, However, the housing 44 could have other
shapes without departing from the scope of the subject disclosure. A power bution 88 1s
disposed on the front periphery 58 of the housing 44 for luming the diagnostic apparatus 2¢
on and off. The power button 55 could be located at other locations of the housing 44 and
could slternatively be in the form of a switch or other activation mechanism without
departing from the scope of the subject disclosure, Further, a first graphical user interface 56
is disposed on the rear periphery 3% of the housing 44 and electrically connected o the
controller 24 for presenting operational data related to the diagnostic apparatus 28 to s
technician and for receiving input data from the technician when the diagnostic apparatus 26
is tumed on. For example, the first graphical user interface 56 is configured to display a
start/stop fest option to allow the technician to start and stop a testing procedure of the

diagnostic apparatus 28, Further, the first graphical user interface 56 is configured to display

3%
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a helpfinformation button that the technician may utilize if they have guestions during
operation of the diagnostic apparatus 28. In the preferved arrangement, the first graphical user
interface $6 is a touch-screen interface to allow the technician to easily and quickly input
information into the diagnostic apparatus 28. However, an input device like a kevboard may
alternatively or additionally be connected therete to provide input to the diagnostic apparatus
2§ without departing from the scope of the subject disclosure.

B828) A camera assembly 38 is supported by the housing 44 for recording
images of the breasts of the patient in the testing position. The camera assembly 58 includes a
three-dimensional camera 60 for recording three-dimensional images of the breasts of the
patient and a thermographic camera 62 for recording thermographic images of the breasts of
the patient. The three-dimensional camers 60 is capable of providing an accurate three-
dimensional, color, model of the breasts of the patients that can be utilized to identify a nipple
and breast profile for use in corrclating subsequent analyses. The three-dimensional breast
model captured by the three-dimensional camera includes the exact size and shape of the
breasts and therefore can be used to measure and identify features indicative of cancer such
as flat spots, bulges, depressions and the like in the breasts of the patient, In the preferred
grrangement, the thermographic camera §2 has a fixed focal lens (rather than a variable lens)
and is small and compact in size {o reduce manufacturing and distribution costs for the
diagnostic apparatus 28, However, other types of thermographic cameras 62 could be utilized
without departing from the scope of the subject disclosure,

{0826} A handle &4 is connected to the front periphery 88 of the housing 44
and is spaced from and surrounds the rear and side peripheries 82, 54 of the housing 44. The
handle &4 is U-shaped to define a pair of limbs 66 that extend outwardly from the front
periphery 58 of the housing 44, A pair of cold bars 68 are supported by the limbs 66 within

the handie 64 for receiving the hands of the patient and for protecting the cold bars 68 during

o
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transportation and rolling movement of the diagnostic apparatus 30 about the examination
TOOm,

Lt Each of the cold bars 68 include a chassis 70 that has a generally box
shape and a pormunel 72 of an aluminum material that is connected with the chassis 7¢ for
receiving a respective hand of the patient. The pommel 72 could be made out of other
materials, e.g., other metals, without departing from the scope of the subject disclosure, The
chassis 78 of each of the cold bars 68 engages one of the limbs 66 of the handle 64 to space
the pommels 72 from the housing 44, The pommel 72 of each of the cold bars 68 is angled
from the handle 64 toward the floor for providing an ergonomic grip space on the cold bass
68 for the patient.

[BOL8} An arc-shaped rail 76 extends perpendicalarly from the front periphery
56 of the housing 44 in a horizontal plane P and terminates at 3 pair of rall ends 88 disposed
in an extended position spaced and aligned with one another, As best shown in Figwee §, the
arc-shaped rail is uitimately disposed in spaced and surrounding relationship to the breasts of
the patient in the testing posifion to align each rail end 88 with a side of a respective breast of
a patient, Put another way, one rail end 86 is disposed in aligned relationship with a side of
the left breast and the other rail end 88 is disposed in aligned relationship with g side of the
right breast when the patient is disposed in the testing position. The rail 76 extends between a
top margin 82 and a bottom margin 84 and presents a front swrface 86 therebetween. The ratl
76 could have other shapes, but the rail ends 88 should be spaced and aligned with the breasts
of the patient when the patient is in the testing position.

{8028 A trolley 88 interconnects the camera sssembly 58 and the rail 78 and
is slideable along the rail 76 for slideable movement between the rail ends 8 for allowing the
camera assembly 38 to shide around the breasts of the patient and info alignment with the

sides of the breasts. The sliding movement of the wrolley 88 allows the camers assembly 58 to
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consecutively record images of the patient along different lengths of the rail 76. For example,
Figure 4 illustrates a posttion of the irolley 88 and camera assembly 88 being spaced toward
the rail ends 88 relative io the position of the trolley 88 and camera assembly 58 shown in
Figure 1. The trolley 88, also facilitates recording images of the lymph nodes of the patient
when the camera assembly 88 is disposed adiscent o the rail ends 88 and in alignment with
the sides of the breasts of the patlent. This is an improvement over traditional testing
methods, ke mammogram treatments, which are unable to utilize and take into account the
Ivmph nodes during its analysis to detect for breast cancer. Furthermore, sliding movement
of the trolley 88 in a single horizontal plane P reduces complexity and cost of the recording
process 38 compared to the prior art imaging methods, and image to image accuracy is
improved since the recorded images are lined up next io each other on the same horizontal
plane P, Additionally, becauss the trolley 88 supports and moves both the three-dimensional
camera §0 as well as the thermographic camera 62 together, a spatial relationship iz
maintained between the three-dimensional and thermographic cameras 62, and therefore dats
from sach respective camera is easily and accurately compared and analyzed.

(8030} As best shown in Figore 1, a cable guard 89 is positioned between the
front periphery $8 of the housing 44 and the rail 76 for preventing various cables of the
diagnostic apparatus 20 from interfering with movement of the trolley 88,

9031) As best shown in Figures 6-7, the trolley 88 includes a backing 8¢ that
has a front face 92, a rear face ¥4, a top edge 96, a bottom edge 98, and a pair of side edges
180 that extend between the top and botlom edges 36, 98, A pair of upper wheels 102 are
rotatably connected to and extend through the front face 92, each adjacent to the top edge 86
and one of the side edges 108, and a pair of upper blocks 184 cach extend from the rear face
24 adiacent to one of the side edges 188, Furthermore, 8 pair of lower blocks 186 are each

positioned below one of the upper blocks 184, A pair of lower wheels 168 each exiend
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through one of the lower blocks 186 in spaced and paralle] relationship with one of the upper
wheels 192,

0832} The upper wheels 182 are disposed against the top margin 82 of the
rail 76 for rolling along the top margin 82 during movement of the camera assembly 58, and
the lower wheels 108 are disposed against the bottom mergin 84 of the rail 76 for rolling
along the bottom margin 84 to provide for the sliding movement of the camera assembly 58
along the rail 76. A spring mechanism 118 connects the higher block 104 and the lower block
106 for biasing the upper and lower wheels 302, 108 against the rail 76 and for
accommedating variances in the width of the rail 76. The trolley 88 further includes a trolley
motor 132 that is connected to the rear face 94 of the backing 98. The trolley motor 112 has &
driving wheel 114 that frictionally engages the rail 76 for providing the sliding movement of
the camera assembly 58, In the preferred amrangement, the trolley motor 112 is a stepper
motor, but other types of motors could be utilized. The trolley motor 112 is electrically
connected to the controller 24 for controlling the movement of the trolley 88 along the rail
76. Furthermore, the front surface 86 in conjunction with the top and bottom margins 82, 84
of the rail 76 provide for a clean edge for the trolley 88 o roll on from position to position,

{0033} As best shown in Figures 2 and 3, 8 pair of hinges 113 are disposed
along the rail 76 in spaced relationship with one another for pivoting the rail ends 80 in the
horizontal plane P from the extended position and toward the housing 44 to establish a
compact position of the diagnostic apparatus 28, A pair of latches 116 are each pivoially
disposed along the rail 76 sdiacent to the hinges 113 for locking the rail 76 in the extended or
the compact positions. A hinge sensor 118 is disposed adjacent to each of the hinges 113 (o
deterrnine the position of the rail ends 80, The overall compact size of the diagnostic
apparatus 18, established by the compact position, allows the disgnostic apparaius 28 o

utilize minimal examination room space, sases shipment of the diagnostic apparatus 28 to

1t
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different locations in vehicles and carriers, and allows the diagnostic apparatus 20 to be easily
moved between sxamination rooms, even during the short period of time in which the patient
waits for the doctor in the examination room.

08348 The assembly further includes a black body radiator 120 preferably of
& copper material for emitling heat toward the camers assembly 58, The black body radiator
120 provides a continuous surface maintained at a predetermined calibration temperature {32
degrees Celsius in the preferred amangement) for use in calibrating the thermographic camers
62. The use of the black body radiator 128 to calibrate the camers assembly 58 prevenis
camera drift during the recording of the consecutive thermographic images, allowing the
temperature in consecutive images fo be accurately compared to each other. More
specifically, when the thermographic camera 62 is aligned with the black body radiator 120,
the thermographic camera 62 performs a non-uniformity correction (NUC) wherein all pixels
may be set {o the same value to provide a correction that removes camera drift, The NUC
function normalizes all of the pixels (76,800 in the preferred arrangement} of the IR camera
to exactly 32 degrees Celstus, The black body radiator 128 has 3 cusiom circuit to maintain
the known temperature accurately. More specifically, the black body radiator 120 includes a
thermocouple that is clectrically connected with the controller 234 for monitoring and
maintaining the temperature of the black body radiator 128, Other ranges of pixels and
femperatures could be wtilized. Further, the thermographic camera 62 may be calibrated
between the recording of any number of images.

{0038} Moreover, the black body radiator 120 is coated with & matt-fnigh
paint to minimize thermographic camera reflections to provide for a uniform temperature
surface with high emissivity. This is conirary 10 8 reflective surface of the black body radiator
120, which would cause the blsck body radiator 128 to pick up the reflection of the lens of

the thermographic camers 62 and therefore increase the temperature of the thermographic
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readings within the thermographic images. Alternatively, other non-reflective materials like s
flocking material, could be utilized to minimize thermographic camera reflections to provide
the uniform temperature surface without departing from the scope of the subject disclosure.

[0038] A spacing member 122 interconnects the black body radiator 128 and
the front periphery 50 of the housing 44 by 2 clearance distance for allowing the camera
assemnbly 58 to slide along the rail 76 between the black body radistor 128 and the front
periphery 86 of the housing 44. In the preferred arrangement, the black body radiator §28 is
spaced one inch from the thermographic camera 62 when the camera assembly 58 is disposed
in alignment with the black body radiator 128 (0 ensure that the thermographic camera §2 is
accurately calibrated. Other distances could be utilized as is necessary fo calibrale the
thermographic camera. Additionally, the black body radiator 128 is pivotally connected to the
spacing member 132 for allowing the black body radiator 126 to pivoet out of alignment with
the camera assembly 58 The black body radiator 120 could alternatively be slideably
connected to the spacing member 122 to allow the black body radiator 120 to slide vertically
or horizoatally out of alignment with the camera assembly 58 without departing from the
scope of the subject disclosure.

0037} in order to determine the position of the camera assembly 58 along the
rail 76, a pair of position sensors 124 are each disposed adjacent to one of the ends 80 of the
rail 76, Further, the controller 34 ix configured to monitor the number of steps taken by the
olley motor 112 to determine the position of the camera assembly 38 along the rail 76 at any
time during the diagnostic test, Alternatively, the trolley motor could include an encoder that
is electrically connected to the conirolier 24 to measure the position of the trolley motor 1312,
It should be appreciated that knowing the location of the camera assembly 58 ensures that the

camera assembly 38 is in the proper position during all phases of testing,
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[G038] A second graphical user interface 74 is disposed on the front periphery
38 of the housing 44 for presenting operational data related to the diagnostic apparatus 28 to
the patient and for receiving input data from the patient before and during opsration of the
diagnostic apparatus 28. More specifically, the second graphical user interface 74 is
electrically connected to the controller 24, and is configured to inquire about and receive
information from the patient before the diagnostic test and then subsequently guide the
patient through the testing procedure. Like the first graphical user interface 86, in the
preferred arrangement, the second graphical user interface 74 is 8 touch-scresn interface.
However, an input device like a keyboard may altematively or additionally be connected
thereto (o allow the patient to input information te the diagnostic apparatus 20. A speaker
may be connected o the diagnostic apparatus 20 adjacent o the second graphical interface to
play sudio to the patient that comelates with the information presented on the second
graphical user inlerface 74.

{0039} As an slternative or supplement to inputting information via the second
graphical user interface 74, patients may alse vpload information to the internet from their
home or other remote location such as a docler’s office. The input information may include
the patient’s personal and family medical histories. Such medical histories may include but
are noi limited to, any past or current medicines or medical operations such as a mastectomy,
lumpectomy, hysterectomy and endometrial ablation. Additionally, the input information may
include any present changes or concerns of the patient such as pain, color, physical distortion,
etc. of the breast. Such input information may be considered in cureni or subsequent
analyses to determine the likelihood of a presence of cancer, and may significantly affect the
analyses. For example, the diagnostic apparstus and method can take into account the

patient’s medical history because a ratio of the temperature between breasts of the patient

—
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may change by approximately 20-30% based on the types of medications that the patient is
taking or medical operations that the patient has undergone.

15040} The second graphical user interface 74 and/or speakers are configured
to alert the patient when each step of the testing procedure is about to begin, Furthermore, the
second graphical user interface 74 andfor speakers instruct the patient on how to position
themselves in the appropriate postwre for cach stage of the testing procedure. More
specifically, the second graphical user interface 74 is electrically connected to the three-
dimensional camera 68 to display a live three-dimensional image of the patient, along with
live instructions to the patient to correst their posture, e.g., to move slightly forward or
backward, lefl or right, 1o =it up, ete. In the event the patient does not corvect their posture in
a timely manner, an audible alarm may be produced by the speaker or the testing procedurs
may be stopped in its entirety, Further, the second graphical user interface 74 displays videos
te the patieat before the testing procedure which explain the benefits of using the diagnestic
apparatus 18, Other videos could be displayed at different stages of the testing procedure.

{B041] Like the first graphical user interface 86, the second graphical user
interface 74 is configured to display s start/stop test option to allow the patient to start and
stop the testing procedure. Further, the second graphical user interface 74 is configursd to
display a help/information button that the patient may utilize if they have questions about
operating the diagnostic apparatus 28, Additionally, the second graphical user interface 74
includes a privacy button that the patient may push to notify technicians to remain out of the
examination room so that the patient may disrobe and proceed with the testing procedure in
privacy.

0f421 The first and second graphical user imterfaces 56, 74 may present
further forms of operational information to the patienttechnician, such as whether the camera

assernbly 58 i in condition for operation, whether the power source 22 is properly connected,
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a list of tests to be performed, room characteristics, the status of the diagnostic apparatus 20,
tssues with the diagnostic apparatus 20 and explanations, test completion time, whether the
privacy mode is activated, battery status, and other information. Furthermore, the controller
24 is configured to notify the patient via the second graphical user interface 74 andfor
speakers that the testing procedure has been completed or aborted. Likewise, the controller 24
is configured o inform the technician via email, text message or the like that the testing
procedure has been completed or aborted. This is particularly useful when the privacy mode
i3 activated by the patient.

{0043} It should be appreciated that after the diagnostic apparatus 29 is placed
in front of the patient by the technician and the patient is disposed in the testing pesition,
testing can be initiated without further sssistance from the technician since the diagnostic
apparatus 3¢ is configured to sllow the second graphical user interface 74 to easily transmit
and receive information from the patient and guide the patient through the testing procedure.
This advantageously provides for increased patient privacy and reduced operstional costs
since & technician does not need to be actively employed to assist the patient through the
testing procedure. This leads to increased comfort for the patient as well as decreased cosis to
operate and perform the disgnostic test,

{8044 A plurality of sensors 126, 128, 138 are disposed on the housing 44 for
recording varipus conditions within the examination room. For example an air flow sensor
136 is disposed on the housing 44 for measuring ambient air flow in the examination room, a
temperature sensor 128 is disposed on the housing 44 for measuring the ambient femperature
in the examination room, and a humidity sensor 130 is disposed on the housing 44 for
measuring ambient humidity in the examination room. The controlier 24 is electrically
connecled with the alr flow, temperatuire and humidity sensors 126, 128, 138 and is

configured to analyze the air flow, temperature and humidity of the examination room prior

i
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to and during examination of the patient to prevent inaccurate lemperature readings by the
thermographic camers §2.

[68458] With further reference to the air flow sensor 126, in the svent that the
air flow sensor 126 detects too much sir movemnent in the examination room, the controller
24 instrocts the fechnician, via the first graphical user interface 56 and/or speakers, to add
baffles to the celling or other location around the diagnostic apparatus 3¢ and block unwanted
air flow to prevent inaccurate recordings from the thermographic camera 62. Furthermors, if
the air flow is too high, the controller 24 is configured to either entively stop the examination
procedure or allow the examination procedure o continue with a note on a subsequenily
provided diagnostic report that the air flow was too high.

{0046} In the preferred mvangement, the ideal temperature range in the
examination 1oom to operate the thermographic camers 62 is approximately 75 degrees
Fahrenheit or less. This temperature range ensures that there is a8 sufficient temperature
difference between the temperature of the examination room and the body temperature of the
patient. In the event the temperature sensor 128 detects that the temperature in the
examination room is above the upper threshold of this temperature range, the controller 24
instructs the technician, via the first graphical user interface $6 andfor speakers, to lower the
temperature in the examination room. If the temperature ig too high, the controller 24 is
configured to either stop the examination procedure or allow the examination procedure to
continue with 2 note on a8 subsequently provided diagnostic report that the temperature was
too high.

18047 Regarding the humidity sensor 138, if the humidity sensor 138 detects
that the humidity in the cxamination room is too high, the controller 24 instructs the
technician via the first graphical user interface 36 and/or speakers to take appropriate action

10 reduce the humidity in the examination room. If the humidity is too high, the controller 24
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may cither stop the examination precedure or allow the examination procedure to continue
with a note on g subsequently provided diagnostic report that the humidity was oo high.

{0848} As best shown in Figure 3, the disgnostic apparatus 20 also includes 8
lifting mechanism 132 for vertically moving the housing 44 relative to the base 30 to adjust
the height of the cold bars 68 and the camern assembly 58 for providing an ergonomic grip of
the cold bars 68 by various patients and for placing the camera assembly 88 in vertical
alignment with the breasts of the petient. Although the patient sits in a standard docior’s
office chair in the preferred arrangement (as best shown in Figure §), the lifting mechanism
§32 aliows the diagnostic spparatus 28 o accommodate differently sized patients (height and
weight) as well as those patients who must stand or sit in 8 wheel chair or other style of 2
seating surface. Additionally, in event thal the entire vertical shape of the breasts of the
patient are not completely captured by the camera assembly 38 in the initial hovizontal
position, the lifling mechanism 132 can move the housing 44 up and down to take multiple
images that are vertically stacked on top of one another to capture the entirety of the breasts
it both the horizontal and vertical directions.

{6049] The lifting mechanism 132 includes a pair of tracks 134 that extend
upwardly from the base 38 in spaced and parallef relationship with one another and connected
to the housing 44. A channel 136 {s defined by the bottom periphery 46 of the housing 44 and
telescopically receives the tracks 134 for allowing the housing 44 to vertically and linearly
move along the tracks 134, A lead screw 138 extends upwardly from the base 30 between the
tracks 3134, and a driving molor 139 engages the base 38 and includes a piston that is
rotatably connected with the lead screw 138 for providing rofary motion of the lead screw
138, A belt 148 is disposed sbout the piston of the driving motor 139 and the lead screw 138
for transferring rotating motion of the piston o the lead screw 138, Further, a cross-member

142 that hae a cuboid shape extends transversely between the side peripheries 54 at the

ke
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bottom periphery 46 of the housing 44, The lead serew 138 threadedly extends through the
crpss-member 142 for converting rotary motion of the lead screw 138 into vertical and Hinear
motion of the cross-member 142 along the lead screw 138 to provide for the vertic) and
linear moverment of the housing 44, The Hfting mechanism 132 fuarther includes a pair of
supporting rods which are surrounded by the tracks 134 and extend from the base 30 and
through the cross-member 142 in spaced and parailel relationship with the lead screw 138 for
guiding the cross-member 142 during vertical movement of the housing 44,

{0058} The controller 24 is electrically connected to the driving motor 139 for
controling the driving motor 132 to contrel the vertical movement of the housing 44.
Furthermore, like the trolley motor 112, the driving motor 139 is a stepper motor, and is
electrically connected to the controller 24 to monitor the number of steps taken by the trolley
motor 112 to determine the vertical position of the housing 44 and components of the lifting
mechanism 132 at any time dwring the diagnostic test. Alternatively, the driving motor 139
could have an encoder that measures the position of the driving motor 139, housing 44 and
components of the liftling mechanism 132 without departing from the scope of the subject
disclosure..

(08513 The controller 24 also includes 3 wireless communication module 144,
such as 2 Wi-Fi card, for connecting with a cloud server 145 for transmitting information to
and from the cloud server 145, The controller 24 is further electrically connected with the
camera assembly S8 for receiving the duee-dimensional and thermographic images from the
camers assembly 58 and transmitting them o the cloud server 145 for subseguent processing
at the cloud server 148, The connection between the controller 24 and the cloud server allows
processing of data captured by the diagnostic apparatus 28 to be performed securely over the
cloud server 145, Furthermore, the cloud server 148 ensures that data is not lost dus (o issues

with the diagnostic apparatus 28 lke a five, flood or the like, Additionally, connecting to the
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cloud server 148 allows patient data to be transmitted between diagnostic apparatuses 28 in
various locations, allowing patients to have tests performed analyzed, and reviewed by
doctors and technicians at several different locations and times.

6052} The cloud server 145 also provides for a reliable means for updating
the software associated with the diagnostic apparatus 20 and allows input data from biopsies
or other medical procedures o be downloaded to the controller 24 to adjust the testing
procedure and analysis as appropriate. Moreover, the cloud server 143 monitors the operation
of the diagnostic apparatus 20 to ensure that it is performing correctly. For example, if the
camera assembly 38 moves along the rail 76 st a faster speed in & second of two tests, the
cloud server 143 may send a signal to the coniroller 24 to alert the technician via the first
graphical user interface 8§, speakers, toxt message, email or the like of the potential issue so
that appropriate repairs may be made if necessary.

[6053] The cloud server 148 includes a database 147 for storing records of all
tests performed with different diagnostic assemblies on different patients and at different
locations. Over time, the cloud server 145 can evaluate hundreds of thousands of tested
patients. This allows algorithms of the coniroller 24 to be improved to provide for improved
sensitivity and specificity. Furthermore, the cloud server 148 can monitor a variety of other
factors such as the effect of certain medicines, treatments or environmental factors. For
example, by knowing the location of the patient, the cloud server 145 can measure the
occurrences of breast cancer for those who live next to salt water, or it could measure the risk
of obese women to develop breast cancer,

[6654) A power container 146 that has a rectangular shape is connected to the
front periphery 58 of the housing 44, A pair of hooks 147 extend from the power container
146 in spuced and parallel relationship for receiving o wrapped power cable. The power

source 22 includes a pair of power sockets 148 that are defined by the power container 146
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for electrically connecting the diagnostic apparatus 28§ with a wall socket or other ACY/DC
power connection. The power sowrce 32 further includes a backup battery 130 that engages
the housing 44 for providing backup power to the diagnostic apparatus 20 in the event of 2
power failure. The backup battery 15¢ is adapted to allow the thermographic camera 82 to be
powered for up to four hours, This is grester than the minimum warmup time of the
thermographic camerz 62 of approximately 30 minutes. The power source 22 and controller
24 are configured to sutomatically warmup the thermographic camera 62 at least minutes
prior {0 upcoming tests.

{Hass] With reference to Figures 8 and 9, 8 method of examining breasts of a
patient in an examination room to deiect for potential breast cancer using a diagnostic
apparatus 24 is also disclosed. The method begins by 298 positioning the patient in the testing
position. As previcusly mentioned, the patient may be standing, sitting in a doctor office
chair, sitting in a wheel chair, or the like in the testing position. The examination by the
diagnostic apparatus proceeds by having a techniclan move the dlagnostic apparatus 28 in
front of the patient and commencing operation of the diagnostic apparatus 20 to begin an
examination of the breasts of the patient. The method proceeds by 330 positioning a black
body radiator 120 in alignment with the camera assembly §8. More specifically, the camera
assembly 58 is slid along the rail 76 to define a calibration position in alignment with the
Black body radiator 128, Once the camera assembly 38 s in the calibration position, the
method proceeds by 302 emitting heat from the black body radiator 120 and calibrating the
thermographic camera 62 based on the heat emitted from the black body radiator 128.

[3056] The method proceeds by 304 moving the housing 44 {o a vertical
position wherein the camera assembly 58 is vertically aligned with the breasts of the patient

and the cold bars 88 are ergonomically positioned fo accommodate for the height and arm
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length of the patient. This ergonomic position provides for increased comfort of the patient
and maintains the arms of the patient in a position spaced from the breasts of the patient.

{E IRy Once the housing 44 is moved to an ergonomic position, the method
proceeds by 306 positioning the patient in a first posture for a predetermined period of
acelimation to acclimate the breasts of the patient to the ambient temperature within the
examination room. In the preferred arrangement, the predetermined period of acclimation is
approximstely five minutes, however, the period of acclimation may be longer or shorter
depending on the body type of the patient and the ambient conditions within the examination
room, The fivst posture preferably includes positioning the hands of the patient on their hips
to space the arms from the breasts of the patient. However, other postures which keep the
arms in spaced relationship to the breasts could also be used without departing from the scope
of the subject disclosure,

(8058} During the peried of acclimation, the thermographic camers 632
actively monitors the temperature of the breasts of the patient & determine when they reach
steady state, thus indicating when it is appropriate to begin the next steps in the process. This
minimizes the length of time necessary to complete the test since the patient may reach
steady state before the full predetermined period of acclimation is completed.

{8059] Once the predetermined period of seclimation passes, the method
proceeds by 308 positioning the hands of the patient behind their head of the patient to define
a second posture. After the patient is positioned in the second posture, the methed continues
by 310 sliding the camera assembly 58 along the rail 76 to a first registration position that is
spaced from the calibration pesttion toward one of the rafl ends 80 and aligned with a first
side of the breasts of the patient. Once the camera assembly 58 is positioned in the figst
registration position, the method continues by 312 recording a first conirol three-dimensional

image of the breasts of the patient. The method then proceads by 314 processing the first



WO 2015/138893 PCT/US2015/020442

control three-dimensional image with the controller 24 to determine a first optimal camera
position for recording the lymph nodes on the first side of the breasts of the patient, For
example, depending on a size of the patient’s breasts, the first optimal position may be
outward from the first registration position. In any event, the cosine rule is utiized by the
controller 24 to determine the optimal camers position 1o ensure acourate temperature data is
recorded of the sides of the breasts of the patient. Therefore, angles that would degrade the
recorded thermographic images of the breasts are not utilized by the camera assembly 58, In
more detatl, to determine the first optimal position, the first control three-dimensional image
is processed by the controller 24 via a breast extraction algorithm. The breast extraction
algorvithm draws a normal vector on the breast on the first side of the breasts that does not
violate the cosine rule. Based on the normal vector, a path for the trolley 88 to the first
optimal camers position is calculated using a coordinate system in terms of angles and
degrees. It should be appreciated that these processing steps can be utilized to determine all
additional optimal camera positions described below.

§8860] Once the first optimal camera position is determined, the method
continues by 316 sliding the camera assembly 38 to the first optimal position and
subsequently 317 recording a first control thermographic image with the camera assembly 88
disposed in the first optimal position. This step allows the camera assembly 88 to record and
capture the lymph nodes on the Rrst side of the breasts in the first control thermographic
inage.

[8061] After the first control three-dimensional and thermographic images are
recorded, the method proceeds by 318 sliding the camera sssembly 58 along the rail 76 to a
second registralion position being spaced from both the first registration and optimal
positions and toward the other of the rail ends 80 in alignment with a second side of the

breasts of the patient. The method then proceeds by 328 recording  second control three-
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dimensional image of the breasts of the patient, and then 322 processing the second control
three-dimensional image with the controller 24 to determine a second optimal camera
position for recording and capturing the lvimph nodes on the second side of the breasts of the
patient. It should be appreciated thet additional optimal camera positions may be determined
in accordance with the above described teachings. Such additional optimal camera positions
may be located at the left front portion of the breasts, the right font portion of the breasts and
the subclavian region of the breasts.

{6063} Once the second optimal camera position is determined, the method
proceeds by 334 sliding the camera assembly $8 to the second optimal position and
subsequently 328 recording a second conivol thermographic image with the camera assembly
58 disposed in the second optimal position. This step allows the camers assembly 38 to
record and capture the lymiph nodes on the second side of the breasts in the second control
thermographic image.

{0063} The method proceeds by 326 positioning each of the hands of the
patient on a cold surface to define a third posture, then 337 mainiaining the third posture for a
predetermined perdod of cold stress for cooling the hands of the patient. In the preforred
arrangement, the predetermined period of cold stress is one minuts, however, other periods of
cold stress could be used without departing from the scope of the subject disclosure, The step
of positioning each of the hands of the patient on 2 cold surface includes positioning each of
the hands of the patient on the pommel 72 of one of the cold bars 68, ¥t should be appreciated
that the patient could be positioned in other postures to subject them fo a period of cold stress,
For example, 2 cold draft of air could be applied o the breasts, or other ares of the patient, (o
provide for the period of cold stress.

{0064} After the period of cold-siress, the method proceeds by 328 re-

positioning the patient in the second posture. Once the patient is in the second poshure, the

]
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method preceeds by 330 sliding the camera assembly 38 along the rail 76 to the first optimal
position and 331 recording at least one first test three-dimensional image and one fiest test
thermographic image with the camera assembly 58 disposed in the first optimal position,
Onee again, this allows the camera assembly 58 to record and capture the lymiph nodes on the
first side of the breasts in the first test three-dimensional image and first test thermopraphic
image, The method then continues with 332 sliding the camera assembly 58 along the rail 76
to the second optimal position and 333 recording = second test three-dimensional image and
second test thermographic image with the camera assembly 58 disposed in the sscond
optimal position. Again, this allows the camera assembly 58 to record and capture the lymph
nodes on the second side of the breasts in the second test three-dimensional imags.

{0065 After the tfest three-dimensional and thermographic images are
recorded, the method proceeds by 334 electronically transmitting the control three-
dimensional and thermographic images, and the test three-dimensional and thermographic
images to the cloud server. The method then proceeds by 336 comparing the fest
thermographic images to the control thermographic images to identify regions of the breasts
in which the temperature remained substantially unchanged by the predetermined period of
cold stress. In the preferred arrangement, the step of comparing the test thermographic image
to the control thermographic image is executed by the cloud server, However, the comparison
could alternatively be conducted by the controller 24 at the diagnostic apparatus 20, The
resulis of the comparison are transmitted back to the testing apparatus such that they may be
reviewed by doctors and/or technicians. The results may be provided in the form of an
electronic or written report to the dector and/or patient and can even be provided to the
patient via email, text message or the like,

8066} As elaborated upon above, in the preferred arrangement of the methed,

thermographic images are recorded at two locations along the rail 76, namely the first and
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second optimal positions. However, additional images could also be recorded from additional
locations along the rall 78, Further, it should be apprecisted that because of the relative
position of the camera agsembly 38 to the breasts, images including substantially the whole
breasts can be recorded, which can advantageously eliminate the need for splicing the
thermographic imuges. Furthermors, in the preferred arrangement each thermographic image
is approximately 11 x 8.5 inches to provide for a complete view of the breasts and to provide
for relatively high pixel density, which allows for better analysis of the temperature of
thermographic images.

[0087] The coniroller 24 is further configured to optimize the ratio of
sensitivity and specificity of the testing procedure. These criteria may be chenged based on
preferences of the technician and patient, for example, to decresse the number of false
positives detected. Furthermore, the controller 24 is configured to monitor the movement of
the patient during the testing procedure via the three-dimensional camera 60 to ensure that the
patient is positioned in the correct posture. I the controller 24 determiines that the patient is
positioned In the incorrect posture, it informs the patient, via the second graphical user
interface 74 and/or speakers conmected therete of the need to comect their posture. For
sxample, if the patient removes her hands from her hips during the acclimation period, the
patient is informed via the second graphical user interface 74 of the need to correct her
posture. If the posture is not corrected, the method may even be siopped by the controller 24.

HEHRY The first control three-dimensional tmage (and subsequent three-
dimensional images} can also utilized to allow the diagnostic apparatus 20 to be whesled
toward or away from the patient to align the camera assembly 58 by approximately 19 inches
away from the breast midpoint of the patient. This ensures that subsequent thermographic
images are focused and svecorded with high tempersture accuracy. In the preferred

arrangement, the controlier 24 is configurad to only sllow the camers assembly 58 to recond
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images when the camera assembly $8 is spaced by approximately 19 inches from the breast
midpoint, however, other distances could be ulilized for different configurations of the
camera assembly 58. The breast midpoint is defined by a point disposed halfway between a
nipple and chest wall of the patient. Further, the cold bars 68 are positioned such that the
patient may casily reach them while maintaining the approximately 19 inch distance from the
camera assembly 58 to the breasts of the patient. The camera assembly 58 may alternatively
be configured to slide the camers assembly 58 toward and awsy from the patient to ensure
that the cameras 84, 62 are adequately focused. The controller 24 is configured to detect this
distance and notify the technician or patient of the need to adjust the diagnostic apparatus 20,
In the event this distance is not corrected, the method could be stopped by the controller 24,

{0069] The controller 24 is programmed fo flter the backpround in each
thermographic image fo be consistent with one another to prevent inaccuracies in the
thermographic images. In addition to software filters, a backdrop may be positioned behind
the testing position to standardize the image behind the patient. The backdrop may be g hard
ar soft surface, and may further be made of a reflective material like a crinkded aluminum to
reflect the temperature of the patisnt to minimize background temperature io improve
temperature integrity. Additionally, the backdrop may wilize heated plates pesitioned on each
side of the patient to accomplish this same result.

10074] Furthermore, prior to starting the examination process, preliminary
notices related to the examination process may be provided to the patient via email, text
message or the like. Such notices may include a calendar reminder of a testing appointment
or 4 reminder not to wear deodorant, drink caffeine or exercise during the day of testing,

{8071 Obviousty, many modifications and variations of the preseat invention
are possible in light of the above teachings and may be practiced otherwise than as

specifically described while within the scope of the appended claims. These antecedent
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recilations should be interpreted fo cover any combination in which the inventive novelty
exercises fis wiility. The uvse of the word "said" in the apparatus claims refers to an
antecedent that is a positive recitation meant to be included in the coverage of the claims
whereas the word "the” precedes a word not meant to be incloded in the coverage of the

clgims,
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CLAIMS
What is claimed is:
L. A diagnostic apparatus for detecting a presence of breast cancer in a patient

disposed in a testing position, comprising;

a housing,

a camera assembly supported by said housing for recording imapes of the
breasts of the patient,

a rail extending from said housing, and

a trofley supporting said camers assembly and slideably disposed along said
ratl for moving of said camera assembly along said rail to consecutively record images of

breasts of the patient at different positions along said rail,

2. The dingnostic apparatus as set forth in claim 1 wherein said rail extends along
& horizontal planc for providing for said sliding movement of said trolley along suid

horizontal plane to allow said camera assembly to record images fom said horizontal plane.

3 The diagnostic apparatus as set forth in claim 2 wherein said il extends
between a pair of rail ends disposed in spaced and aligned relationship with one another and
each generally aligned with a side of a respective breast of the g}&ﬁﬂﬂt to allow said camera
assembly to record images of the lymph nodes of the patient when said camera assembly is
disposed adjacent to said rall ends and in alignment with the sides of the breasts of the

patient.
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4. The diagnostic apparatus as set forth in claim 4 wherein said rail extends from
said housing in an arc shape to dispose said rail in spaced and surrounding relationship with

the breasts of the patient in the testing position,

5. The diagnostic apparatus as set forth in claim 3 firther including af least one
position sensor disposed on said rail adjacent to one of said rail ends for determining the

position of said camera assembly along said rail.

8, The diagnostic apparatus as set forth in claim 2 further including 8 pair of
hinges disposed slong said rail in spaced relationship with one another {0 pivet said rail in
sald horizontal plane {P) toward sald housing and establish a compact position of said

diagnostic apparatus.

7. The diagnostic apparatus as set forth in claim 1 further including a base, and a
lifling mechanism interconnecting said housing and said base to vertically move said housing
relative 1o said base and adjust a height of said camera assembly to dispose said camera
assembly in vertically aligned relationship with the breasts of the patient in the lesting

position.

g The diagnostic apparstus as set forth in cleim 7 whersin said lifting
mechanism  includes a pair of tracks extending wpwardly from said base and connected to
said housing, and said lifiing mechanism further includes a channel defined by said housing
and telescopingly receiving said fracks for sllowing said housing to vertically and Hnearly

move along said tracks.
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g, The diagnostic apparatus as set forth in claim 8§ wherein said lifting
mechanism  further includes & lead screw extending upwardly from said base between said
fracks,

said Lifting mechanism  forther including 2 cross-member extending
transversely inside said housing, and said lead scrow threadedly extending through said cross-
member for converting rotary motion of said lead screw into vertical and linear motion of
said cross-member along said lead screw to provide for said vertical movement of said

housing relative to said base.

10, The disgnostic apparatus as set forth in claim 9 wherein said lifting
mechanism further includes & driving motor including a piston rotatably connected with said
lead screw (138} for providing said rotary motion of said lead screw,

said lifting mechanism further includes a belt disposed about said piston of
said driving motor and said lad screw for transferring rotating motion of said piston to said

lead screw.

11.  The diagnostic apparatus as sel forth in claim 1 wherein said rail exiends
between a top margin and a bottom margin, and said trolley includes a pair of upper whesls
disposed against said top margin of said rail for rolling along said top margin during said
movement of said camera assembly and a pair of lower wheels disposed against said botiom
margin for rolling along sald bottom margin of said rail during movement of said camera

sssembly along said rail.

12, The diagnostic spparatus a8 set forth in claim 11 fusther including s spring

mechanism biasing said lower wheels and said upper wheels against said rail,
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13.  The diagnostic apparstus as set forth in claim 12 wherein said trolley further
includes a backing having 3 front face and & rear face and a top edge and a boitom edgeand &
pair of side edges,

a patr of upper blocks cach extending from said rear face of said backing
adjacent to one of said side edges,

a pair of lower blocks each positioned below one of said upper blocks,

said upper wheels rotatably connected to and extending through said froni face
adjacent to said top edge and one of said side edges,

said lower wheels sach extending through one of said lower blocks in spaced
and parallel relationship with one of said upper wheels, and

said spring mechanism extending between sald upper and lower blocks for

biasing said higher and lower blocks and said upper and lower wheels toward one another,

14, The diagnostic apparatus as set forth in cleim 13 wherein said trolley further
inchides a trolley motor connected to said rear face of said backing and including a driving
wheel fictionally engaging said rail for providing said sliding movement of said camers

assembly,

15, The disgnostic apparatus as set forth in claim 1 wherein said camera assembly
includes a thermographic camera, and a black body radiator is supported by said housing for
emitting heat toward said camers assembly for calibrating said thermographic camera prior {o

recording images of the breasts of the patient,
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16.  The diagnostic apparatus as set forth in claim 15 wherein a spacing member
interconnects said black body radistor and said housing by a clearance distance from said
housing for allowing said camers assembly pass through said clesrance distance between said

black body radiator and said housing during sliding movement along said rail.

17.  The diagnostic apparatus as set forth in claim 16 wherein said black body
radiator is spaced by approximately one inch from sald thermographic camera when said

camera assembly is disposed in alignment with said back body radiator.

18.  The diagnostic spparatus as set forth in claim 16 wherein said black body
radiator is pivotally connected to said spacing member for allowing said black body radiator
to pivot out of alignment with said camera assembly and o allow said camera assembly to

record images of the patient.

19, The diagnostic apparatus as set forth in claim 1 wherein said housing includes
a front periphery and a rear peviphery and a pair of side peripheries,
a handle is spaced from and surrounds said rear and side peripheries of said
housing and iz connected to said front periphery of said housing,
satd handle being U-shaped to define & pair of limbs extending outwardly from
said front periphery of said housing, and a pair of cold bars are supporied by said limbs
within sald handle for receiving the hands of the patient and for protecting said cold bars

during rolling movement of said diagnostic apparatus.
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20,  The diagnostic apparatug as set forth in claim I wherein said camera assembly
further includes a three-dimensional camera for recording three-dimensional images of the

breasts of the patient.

21, A method of examining breasts of a patient in an examination room to detect
for potential breast cancer using a camera assembly including a thenmographic camers, said
method comprising the steps of;

recording & plurality of control thermographic images of the breasts of the
patient,

subjecting the patient to a cold stress for a predetermined period of time,

recording a plurality test thermographic images of the breasts of the patient,

comparing the plurality of test thermographic images 1o the plorality of control
thermographic images to identify regions of the breasts in which the temperature remained
substantially unchanged by said predetermined period of cold stress, and

shiding the camera assembly along a horizontal plane between a plurality of
positions during said step of recording the plurality of control thermographic images and said
step of recording the plurality of test thermographic images for sllowing said camera
assembly to consecutively record the control and test thermographic images of breasts of the

patient from the plurality of positions.

23, The method as set forth in claim 21 wherein said step of sliding the camera
assembly between a plurality of positions includes sliding the camera assembly along a rail

between s pair of rail ends.

Lah
(%)



WO 2015/138893 PCT/US2015/020442

23, The method as set forth in claim 21 wherein said step of sliding the camera
agsembly between a plurality of positions includes sliding the camera assembly to 8 first
optimal position disposed adjacent to one of the rail ends and in aligment with a first side of

the breasts of the patient.

24, The method as set forth in claim 23 wherein said step of recording a plurality
of control thermographic image of the breasts of the patient includes recording a first control
thermographic image with the camera assembly disposed in the first optimal position to allow
the camera assembly to capture lymph nodes on the first side of the breasts in the first control
thermographic image, and said step of recording a plurality of test thermographic image of
the breasts of the patient includes recording a first test thermographic image with the camera
assembly disposed in the Sirst optimal position fo allow the camera assembly to capture the

lymph nodes on the first side of the breasts in the first test thermographic image.

25, The method as set forth in claim 24 wherein said step of sliding the camera
assembly between a plurality of positions further includes sliding the camera assembly to a

second optimal position aligned with a second side of the breasts of the patient.

26, The method as set forth in claim 25 wherein said step of recording a phurality
of control thermographic image of the breasts of the patient includes recording a second
control thermographic image with the camera assembly disposed in the second optimal
position to allow the camera assembly to capture lymph nodes on the second side of the
breasts in the second control thermographic image, and said step of recording a plurality of
test thermographic image of the breasts of the patient includes recording a second test

thermographic image with the camera assembly disposed in the second optimal position to

34
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allow the camera assembly o capture the lvmph nodes on the second side of the breasis in the

second test thermographic image.

27.  The method a3 set forth in claim 26 further including electronically
transmitting the control thermographic image snd test thermographic images to a cloud
server, and said step of comparing the test thermographic images to the conirol
thermographic images includes executing the comparison of the test thermographic image to

the control thermographic image on the cloud server.

28, The method as set forth in claim 21 wherein said step of positioning the
camera assembly in a plurality of positions includes sliding the camera assembly along a rail
to a first registration position being generally aligned with the first side of the breasts of the
patient, and further including recording at least one control three-dimensional image of the
breasts of the patient with a three-dimensional camerg of the camera assembly while the

camera assembly disposed in the first registration position.

28, The method as set forth in claim 28 further including;
processing the first control three-dimensional image with a controller o
determine a first optimal camera position in alignment with the lymph nodes of the first side
of the breasts of the patient, and sliding the camera assembly slong the rail to the first

opiimal camera position,

3. The method as set forth in claim 29 wherein said step of recording a plurality
control thermographic image of the breasts of the patient includes recording the first control

thermographic image with the camera sssembly disposed in the first optimal position o allow
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the camera assembly fo capture the lymph nosed on the fivst side of the breasts in the first

control thermographic image.

31, Themethod as set forth in claim 30 further including;
sliding the camera assembly along the rail to a second registration position
being spaced from the first registration and optimal camera positions and toward one of the
rail ends and aligned with a second side of the breasts of the patient, and said step of
recording a plurality of control three-dimensional image of the breasts of the patient further
includes recording a second control three-dimensional image with the camera assembly

disposed in the second regisivation position.

32. The method as set forth in claim 31 further including;
processing the second control three-dimensional image with the controller to
determine 2 second optimal camers position in slignment with the lymph nodes on the second
side of the breasts of the patient, and sliding the comern assembly along the rail to the second

optimal camera position.

33, The method as set forth in claim 32 wherein said step of recording a plurality
of contrel thermographic image of the breasts of the patient further includes recording a
second control thermographic image with the camers assembly disposed in the second
optimal position to allow the camers assembly o capture the Ivmph nodes on the second side

of the breasts in the second control thermographic image.

34, The methed as set forth in claim 33 wherein said step of recording a plurality

of test three-dimensional images of the breasts of the patient includes recording a first test
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three-dimensional image with the camern assembly disposed in the first optimal position to
allow the camera assembly to capture the lvimph nodes on the first side of the breasts in the
first three-dimensional image and recording a second test three-dimensional image with the
camera assembly disposed in the second optimal position to allow the camera assembly to
capture the lymph nodes on the second side of the breasis in the second iest three-

dimensional image.

35, The method as set forth in claim 34 wherein said step of recording a plurality
of test thermographic image of the breasts of the patient includes recording a first test
thermographic image with the camera assembly disposed in the first optimal position to allow
the camera assembly o capture the Ivmph nodes on the first side of the breasts in the first
thermographic image and recording a second test thermographic image with the camera
assembly disposed in the second optimal position to allow the camera assembly to capture the

Iymph nodes on the second side of the breasts in the second test thermographic image.

36.  The method as set forih in claim 21 Hwther including sliding the camera
assembly along a rail in alignment with a black body radiator {0 define a calibration position,
and emitting heat from the black body radiator and calibrating the thermographic camera

based on the heat emitted fom the black body radiator.

37.  The method as set forth in claim 21 wherein ssid step of subjecting the patient
i a cold stress includes positioning each of the hends of the patient on a cold bar for cooling

the hands of the patient,

s
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38.  The method as set forth in claim 21 further including moving the camera

assembly 10 a vertical position in vertieal alignment with the breasts of the patient.

38, A method of examining breasts of a patient in sn examinstion room to detect
for potential breast cancer using a diagnostic apparatus including a controller and a housing
having a rail disposed therson and a camers assembly shideably disposed on the rail between
a pair of rail ends, said method comprising the steps off

positioning a black body radiator in alignment with the camera assembly,

emitting heat from the black body radistor and calibrating the thermographic
camera based on the heat emitted from the black body radiator,

positioning the patient in 2 first posture for 8 predetermined period of
acclimation to acclimate the breasts of the patieni to the ambient temperature within the
examination room,

the first posture includes positioning the hands of the patient on the hips of the
patient to space the arms from the breasts of the patient,

positioning the hands behingd the head of the patient to define a second posture,

recording at least one conirol three-dimensional image of the breasts of the
patient while positioned in the second posture,

recording at least one control thermographic image of the breasts of the patient
while positioned in the second posture,

positioning each of the hands of the patient on a cold swrface to defing a third
posture,

maintaining the third posture for a predetermined period of cold stress for

cooling the hands of the patient,

fk
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re-positioning the patient in the second posture afler said predetermined period
of cold stress,

recording at least one test three-dimensional image of the breasts of the patient
while re-positioned in the second posture,

recording at least one test thermographic image of the breasts of the patient
while re-positioned in the second posture,

comparing the test thermographic image to the control thermographic image ©
identify regions of the breasts in which the temperature remained substantially unchanged by
said predeiermined period of cold stress,

said step of positioning a black body radiator in alipnment with the camera
assembly includes sliding the camera assembly along the rail into a calibration position in
alignenent with the black body radiator,

said step of positioning each of the hands of the patient on a cold surface to
define a third posture includes positioning each of the hands of the patient on a cold bar,

moving the housing to a vertical position to dispose the camers assembly in
vertical alignment with the breasts of the patient and to ergonemically position the cold bars
to accommodate for the height and arm length of the patient for increasing comfort of the
patient and maintaining the arms of the patient in a position spaced from the breasts of the
patient when the patient is in the third posture,

sliding the camera assembly along the rail to a first registration position being
spaced from the calibration position toward one of the rail ends and generally aligned with a
first side of the breasts of the patient,

said step of recording at Jeast one control three-dimensional image of the
breasts of the patient includes recording 8 first control three-dimensional image with the

camers assembly disposed in the first registration position,
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processing the first control three-dimensional image with the controller to
determine a first optimal cemera position in alignment with the lvmph nodes on the first side
of the breasis of the patient,

sliding the camera assembly along the rail to the first optimal camera position,

said step of recording al least one control thermographic image of the breasts
of the patient includes recording a first control thermographic image with the camera
assembly disposed in the first optimal position to allow the camera assembly to capture the
lymph nodes on the first side of the breasts in the first control thermographic image,

sliding the camera assembly along the rail to 2 second registration position
being spaced from the first regisiration and optimal positions toward one of the rail ends and
aligned with a second side of the breasts of the patient,

said step of recording at least one control three-dimensional image of the
breasts of the patient further includes recording a second control three-dimensional image
with the camera assembly disposed in the second registration position,

processing the second control three-dimensional image with the controller to
determine a second optimal camera position in alignment with the lymph nodes on the second
side of the breasts of the patient,

shiding the camera assembly along the rail to the second optimal camera
pogsition,

said step of recording at least one control thermographic image of the breasts
of the patieat further includes recording a second conirel thermographic image with the
camera assembly disposed in the second optimal position to allow the camera assembly to
capture the lymph nodes on the second side of the breasts in the second control

thermographic image,
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said step of recording at least one test three-dimensional image of the breasts
of the patient includes recording a first test three-dimensional image with the camers
assembly disposed in the first optimal position to allow the camera assembly to capture the
lymph nodes on the first side of the breasts in the first test three-dimensional image and
recording a second test three-dimensional image with the camera assembly disposed in the
second optimal position to aliow the camera assembly to capture the Ivinph nodes on the
second side of the breasts in the second test three-dimensional image, and

said step of recording at least one test thermographic image of the breasts of
the patient inclodes recording a first test thermographic image with the camera assembly
disposed in the first optimal position to allow the camers assembly to capture the lymph
nodes on the first side of the breasts in the first test thermographic image and recording a
second test thermographic Image with the camera assembly disposed in the second optimal
position o allow the camera assembly to capiure the lymph nodes on the second side of the

breasts in the second fest thermographic image.

44, The method as set forth in claim 39 further including,
electronically transmitting the control three-dimensional and thermographic
images and the test three-dimensional and thermographic images to 2 cloud server, and said
step of comparing the test thermographic image to the control thermographic image includes
executing the comparison of the test thermographic image to the control thermographic image

on the cloud server,
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