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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to infrared imag-
ing and, more particularly, to diagnostic infrared imaging.

Description of Related Art

[0002] Heretofore, infrared imaging, sometimes re-
ferred to as thermal imaging, has been utilized for non-
destructive testing of materials such as printed circuit
boards and turbine blades. Application of infrared imag-
ing in medical diagnosis has been limited largely because
of inadequate equipment and lack of a general theory
relating to the radiation of infrared energy by living ani-
mals to the underlying physiological processes respon-
sible for such radiation.

[0003] Early use of infrared imaging depended upon
detectors that lacked sufficient resolution to be of suffi-
cient and reliable value for medical diagnosis. Notwith-
standing improvements in infrared detector technology,
the use of infrared imaging cameras to detect fine vari-
ations in the surface temperature of a body does not pro-
duce data having sufficient information for effective med-
ical diagnosis. US 6,276,798 B1 and WO 00/78211 A1
are examples ofimaging methods and devices according
to the preambles of claims 1 and 13, respectively.
[0004] It would, therefore, be desirable to provide an
infrared imaging system and a method of using such an
infrared imaging system to detect changes in the char-
acter of infrared radiation emitted from a body subject to
thermal stress, and to obtain diagnostic information about
the physiological function of the body from the response
of such body to thermal stress. It would also be desirable
to provide an infrared imaging system which can stere-
oscopically observe and analyze infrared radiation em-
anating from a body.

SUMMARY OF THE INVENTION

[0005] Theinvention is a method of producing infrared
images of a patient. The method includes providing an
infrared imaging camera configured to receive infrared
radiation from an array of optical elements in a field-of-
view viewable by the infrared imaging camera. A plurality
of frames of infrared radiation is acquired from a patient
positioned in the field-of-view. Each frame is acquired
during a corresponding frame sample interval and each
frame corresponds to the infrared radiation acquired from
at least part of the array of optical elements during its
frame sample interval. Plural integrals of infrared radia-
tionreceived from the array can be determined, with each
integral corresponding to the infrared radiation received
from the same optical element in at least two frames.
Each integral can be mapped to a color or a shade of
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gray and the color or the shade of gray of each integral
can be mapped to a position in an image corresponding
to the position of the corresponding optical element in
the field-of-view.

[0006] The plurality of frames is acquired over an im-
aging interval and the acquisition occurrence of each
frame can be fixed or variable. The infrared radiation re-
ceived at each optical element can be adjusted for ab-
solute temperature. Infrared radiation can be sequential-
ly acquired from each optical element in the field-of-view
during the frame sample interval. Alternatively, infrared
radiation can be acquired from all of the optical elements
in the field-of-view at substantially the same time.
[0007] Prior to initiating the acquisition of frames, the
patient can be exposed to ambient temperature air.
Thereafter, the acquisition of frames can be initiated and
the patient can be exposed to a flow of conditioned air
at a temperature different than the ambient temperature.
The acquisition of frames can be terminated after the
imaginginterval. Atleast one marker having an emissivity
different than the emissivity of the patient can be posi-
tioned on the patient and in the field-of-view. Desirably,
the atleast one marker is positioned on a fixed anatomical
location of the patient.

[0008] One or more mirrors can be positioned in the
field-of-view adjacent the patient. The one or more mir-
rors can be oriented to reflect infrared radiation from a
part of the patient that is within the field-of-view but is
concealed from the infrared imaging camera by another
part of the patient.

[0009] A grid can be positioned between the infrared
imaging camera and the patient. Thermal energy can be
conveyed to the patient through the grid and a frame of
infrared radiation can be acquired directly from the pa-
tient and from the one or more mirrors. A three-dimen-
sional image of the patient can be constructed from the
infrared radiation acquired directly from the patient and
acquired from the one or more mirrors.

[0010] The invention is also an infrared imaging appa-
ratus that includes a means for detecting infrared radia-
tion from each optical element of an array of optical ele-
ments forming a field-of-view of the imaging apparatus.
A controller is connected for controlling the means for
detecting to selectively acquire a plurality of frames of
infrared radiation from the array at a like plurality of sam-
ple intervals. Each frame corresponds to the infrared ra-
diation acquired from all or part of the optical elements
of the array during one sample interval. A means is pro-
vided for determining plural integrals of the infrared ra-
diation received by the means for detecting from the ar-
ray. Each integral corresponds to the infrared radiation
acquired from the same optical element in at least two
frames. The means for determining maps each integral
to a color or shade of gray and maps the color or the
shade of gray of each integral to a position in an image
corresponding to the position of the corresponding optical
element(s) in the field-of-view.

[0011] Desirably, each optical element corresponds to
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the smallest elementin the field-of-view that can be proc-
essed by the means for detecting.

[0012] The imaging apparatus can include means for
converting infrared radiation acquired from each optical
element into corresponding data. The means for deter-
mining determines the integrals for like optical elements
in at least two frames from the data corresponding to the
infrared radiation acquired from each optical element dur-
ing each frame.

[0013] Desirably, the acquisition occurrence of each
of the plurality of frames occurs logarithmically over an
imaging interval and the acquisition occurrence increas-
es late in the imaging interval.

[0014] The acquisition of frames can be synchronized
to heartbeat cycles of a patient received in the field-of-
view. The at least two frames can be acquired during a
like portion of different heartbeat cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a block diagram drawing of an infrared im-
aging system including an infrared imaging camera;
Fig. 2 is a block diagram drawing of the infrared im-
aging camera of Fig. 1 including a single, selectively
positionable infrared detector;

Fig. 3 is a schematic drawing of a frame representing
the total field-of-view (tFOV) viewable by the infrared
imaging camera of Fig. 2 including an array of optical
elements forming the frame;

Fig. 4 is a schematic drawing of a plurality of frames
of temperature vs. time obtained using the infrared
imaging camera of Fig. 2;

Fig. 5 is a chart of temperature vs. time curves de-
termined from infrared radiation received by the four
same optical elements from each of the plurality of
frames shown in Fig. 4;

Fig. 6 is a schematic drawing of the infrared imaging
camera of Fig. 2 positioned to acquire frames of in-
frared images from a patient exposed to thermal
stress by a heat/cold pump;

Fig. 7 is a view of the patient in Fig. 6 taken along
lines VII-VIl including on the patient the position of
the four optical elements in the field-of-view from
which infrared radiation is acquired to generate the
temperature vs. time curves shown in Fig. 5;

Fig. 8ais a black and white rendering including color
symbols to represent the colors of a color slope map
image of breasts of a patient wherein each temper-
ature vs. time curve associated with the optical ele-
ments at each position in the tFOV over the plurality
of frames is mapped to a color related to an integral
of the temperature vs. time curve;

Fig. 8b is a gray scale map image of the breasts of
the patient shown in Fig. 8a wherein temperature vs.
time curves having integrals less than the integral of
temperature vs. time curves associated with the
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color red are mapped to a shade of gray according
to their integral and the color red is illustrated by a
red color symbol;

Fig. 9is a gray scale map image of breasts of another
patient having jagged vasculature;

Fig. 10 is a schematic drawing of the patient shown
in Fig. 7 including a sternum mirror below and lateral
mirrors on opposite sides of the patient’s breasts;
Fig. 11 is an isolated schematic drawing of a pair of
detectors and a pair of infrared lenses for acquiring
stereoscopic images;

Fig. 12 is a block diagram drawing of the infrared
imaging camera in Fig. 1 including a staring array of
infrared detectors; and

Fig. 13 is an isolated schematic drawing of a pair of
infrared lenses and a pair of staring arrays for ac-
quiring stereoscopic images.

DETAILED DESCRIPTION OF THE INVENTION

[0016] WithreferencetoFig. 1, aninfrared (IR)imaging
system 2 includes an IR imaging camera 4 connected to
aworkstation 6. IR imaging camera 4 receives command
signals from workstation 6 and supplies to workstation 6
quantitative data and information about the IR radiation
received by IR imaging camera 4. Also connected to
workstation 6 is a printer 8, a storage 10, a display 12, a
pointing device 14, a keyboard 16 and a power condi-
tioner 18 which are used by a user of IR imaging system
2 in a manner known in the art.

[0017] With reference to Fig. 2, and with continuing
reference to Fig. 1, IR imaging camera 4 includes a data
receiver 22 and a data transmitter 24 for communicating
with workstation 6. A controller 26 operating under the
control of a software program is connected to receive
data from datareceiver 22. IRimaging camera 4 includes
a detector 28 connected to a cooling system 30 for cool-
ing detector 28 to an acceptable operational temperature
in a manner known in the art. Detector 28 receives IR
radiation from an IR lens 32 which focuses IR radiation
received thereby onto detector 28. Prior to reaching IR
lens 32, IR radiation passes through a front panel view-
port 44, and in certain cases, an optical filter 46.

[0018] A focus system 62 for focusing IR lens 32 is
connected to receive control signals from controller 26.
Under the control of controller 26, the optical focus and/or
zoom of IR lens 32 can be adjusted via focus system 62
by means well-known to modern digital photographic sys-
tems.

[0019] A motorized X-Y positioning stage 64 is con-
nected to IR lens 32 and detector 28 for controlling the
direction from which IR lens 32 and detector 28 detect
IR radiation propagating thereto from optical filter 46. A
position control 66 is connected to receive control signals
from controller 26. Under the control of controller 26, po-
sition control 66 controls the position of X-Y stage 64 so
that IR lens 32 and detector 28 can be selectively posi-
tioned to detect beams of IR radiation propagating there-



5 EP 1 620 003 B1 6

to from select parts of optical filter 46.

[0020] A preamplifier 76 is connected to receive from
detector 28 signals corresponding to the intensity of IR
radiation received thereby. Preamplifier 76 amplifies and
filters each signal output by detector 28 and supplies
each amplified and filtered signal to an image analog-to-
digital converter (ADC) 78 which converts each amplified
and filtered signal from preamplifier 76 into a correspond-
ing digital signal whichis supplied to an image processing
system 80, such as a gate array. Operating under the
control of controller 26, image processing system 80 sup-
plies IR radiation data and information to data transmitter
24 for transmission to workstation 6.

[0021] Preamplifier 76 is desirably connected to re-
ceive data and information about absolute temperature
from a temperature calibration system 82. Underthe con-
trol of controller 26, temperature calibration system 82
provides absolute temperature calibration data to pream-
plifier 76. Preamplifier 76 combines the absolute temper-
ature calibration data from temperature calibration sys-
tem 82 with each signal output by detector 28 to adjust
the amplified and filtered signal output by preamplifier 76
for the absolute temperature of the IR radiation received
by detector 28.

[0022] Acontrol ADC 84 is connectedtoreceive analog
signals output from focus system 62, X-Y stage 64, tem-
perature calibration system 82, preamplifier 76 and an
ambienttemperature sensor 86. Under the control of con-
troller 26, control ADC 84 selectively supplies to control-
ler 26 digital signals corresponding to the analog signals
received by control ADC 84. The digital signals received
by controller 26 from control ADC 84 are used by con-
troller 26 to control the operation of IR imaging camera 4.
[0023] With reference to Fig. 3, and with continuing
reference to Figs. 1 and 2, controller 26 controls the sam-
pling of IR radiation by detector 28, the focus of IR lens
32 and the position of X-Y stage 64 as required to receive
and record IR radiation from each optical element (optel)
90 in an array of optical elements (optels) 90 in a total
field-of-view (tFOV) 92 viewable by IR imaging camera
4. As used herein, the terms "optical element" or "optel"
refer to the smallest element in tFOV 92 that can be in-
dividually processed in an instantaneous field-of-view
(iFOV) of detector 28.

[0024] In operation, IR imaging camera 4 obtains IR
radiation from each optel 90 in tFOV 92. For example,
starting with the optel 90 at position X1, Y1 in tFOV 92
shown in Fig. 3, controller 26 controls X-Y stage 64, de-
tector 28 and IR lens 32 to acquire IR radiation from each
optel 90 along the horizontal X-axis for a fixed vertical Y-
axis displacement. Specifically, IR imaging camera 4 ac-
quires IR radiation from each optel 90 between position
X1, Y1 and position X640, Y1 inclusive in tFOV 92. Next,
IR imaging system 2 adjusts the position of the X-Y stage
64 so that detector 28 acquires IR radiation from each
optel 90 between position X1, Y2 and position X640, Y2
inclusive in tFOV 92. IR imaging camera 4 continues
scanning the optels 90 in tFOV 92 in this manner until all
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the optels 90 forming tFOV 92 have been acquired.
[0025] Since IR imaging camera 4 shown in Fig. 2 has
a single detector 28, IR imaging camera 4 necessarily
obtains information from the optel 90 at each position in
tFOV 92 over a discreet period of time. The interval be-
tween sampling the optel 90 at position X1, Y1 and sam-
pling the optel 90 at position X640, Y480intFOV 92, i.e.,
the frame sample interval, is determined by the amount
of IR radiation received from an object being imaged. In
this respect, the frame sample interval can be adjusted
as a function of the amount of IR radiation received from
the object being imaged. Desirably, IR imaging camera
4 samples the optel 90 at each position in tFOV 92 a
plurality of times per frame sample interval and averages
the samples for each optel 90 at every position in tFOV
92 to obtain an average of the IR radiation received from
eachoptel 90 whichis utilized inamannerto be described
hereinafter. In the case of a photoconductive detector,
the information from such sampling (voltage output) is
summed while in the case of a photovoltaic detector, the
information (current output) is integrated.

[0026] Image ADC 78 determines a digital value for
the absolute temperature of the instantaneous or aver-
age IR radiation detected by detector 28 for the optel 90
at each positionin tFOV 92. Next, image processing sys-
tem 80 arranges the digital value obtained for the optel
90 at each position in tFOV 92 during the frame scan
interval into a frame 94. The digital value associated with
each optel 90 of a frame 94 desirably represents the ab-
solute temperature of the IR radiation received by detec-
tor 28 from the particular location on the object being
imaged over the corresponding frame sample interval.
[0027] With reference to Fig. 4, and with continuing
reference to all previous figures, IR imaging camera 4
obtains a plurality of frames, e.g., F1-F200, of the object
being imaged over animaging interval, e.g., five minutes.
When each frame 94 is received and assembled in image
processing system 80, controller 26 causes each frame
94 to be transferred from image processing system 80
to workstation 6 via data transmitter 24. In medical ap-
plications, it is preferred that acquisition of each of the
plurality of frames 94 occurs logarithmically over the im-
aging interval, with increasing acquisition occurrence of
adjacent frames 94 occurring late in the imaging interval.
However, the acquisition of adjacent frames 94 can be
fixed or varied in any desired manner.

[0028] With reference to Fig. 5, and with continuing
reference to all previous figures, for purpose of illustra-
tion, the temperature acquired for like optels 90 of each
frame 94 can be shown as temperature-time curves, e.g.,
curves 100-106. For example, temperature-time curve
100 shows temperature vs. time for optel 90 at position
X3, Y3 for frames F1-F200 shown in Fig. 4. Similarly,
temperature-time curves 102, 104 and 106 show tem-
perature vs. time for the optels 90 at positions X3, Y7;
X10,Y3;and X10, Y7 for frames F1-F200 shown in Fig. 4.
[0029] When the plurality of frames 94 has been ac-
quired over the imaging interval, workstation 6 deter-
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mines for like optels 90 in each frame 94 an integral (or
an integral value) of each temperature-time curve. Each
integral can be determined with respect to time for a spe-
cific time interval, e.g., the time between sampling frame
F1 and frame F200. Alternatively, each integral can be
determined with respect to a specific plurality of the sub-
setframes 94, e.g., frames F85-F 150, every other frame
between frames F85-F150, etc. For example, worksta-
tion 6 can determine the integral with respect to time of
each temperature-time curve, e.g., 100, 102, 104 and
106, from the optels 90 at like positions in each frame
94, or from some select plurality of frames 94, e.g.,
frames F85-F150. For example, workstation 6 can deter-
mine the integrals of each temperature-time curve from
a time t, when frame F1 is sampled to a time t; when
frame F200 is sampled. In another example, workstation
6 can determine the integral of each temperature-time
curve from a time t, when frame F85 is sampled to a time
t; when frame F150 is sampled.

[0030] Workstation 6 maps a value of the integral of
each temperature-time curve, e.g., 100-106, to a unique
color for display purposes. Desirably, in medical applica-
tions for early identification of neoplastic activity in the
breast, the color blue is mapped to the curve having the
smallest integral value and the color red is mapped to
the curve having the greatest integral value. Curves hav-
ing integral values between the greatest and the smallest
integral values are mapped to colors between red and
blue. For example, between frame F85 and frame F150
in Fig. 5, workstation 6 maps the color blue to tempera-
ture-time curve 100 having the smallest integral value;
maps the color green to temperature-time curve 102;
maps the color yellow to temperature-time curve 104;
and maps the color red to temperature-time curve 106
having the greatest integral value.

[0031] Next, workstation 6 maps the position of each
optel 90 or group of optels 90 in tFOV 92 to a correspond-
ing pixel or group of pixels on display 12. When a color
is mapped to the integral value of a portion or all of each
temperature-time curve, e.g., 100-106, workstation 6
causes the mapped color of the integral value of the tem-
perature-time curve to be displayed on display 12 on the
pixel or group of pixels having positions corresponding
to the position of the corresponding optel 90 in tFOV 92.
The colors thus mapped to display 12 form thereon a
color slope map image of the integral values.

[0032] Alternatively, workstation 6 can map the integral
value of each temperature-time curve over some select
plurality of frames 94 to a gray scale thereby forming a
gray scale slope map image. Desirably, the gray scale
extends between the greatest or smallest integral value
for the color white and the other of the greatest or smallest
integral value for the color black. Workstation 6 can also
map each temperature-time curve over some select plu-
rality of frames 94 having an integral value that is less
than or greater than a predetermined integral value to
the gray scale. Moreover, the data in each frame 94 or
selected pluralities of frames 94 can be filtered and am-
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plified, in a manner known in the art, to enhance detail
of the gray scale and/or color slope map image.

[0033] The present invention finds particular applica-
tion in early detection of breast cancer and, more partic-
ularly, in detection of recent angiogenesis associated
with maturing neoplastic processes in the breast. Spe-
cifically, it is well-known that as breast cancer develops,
a process known as angiogenesis occurs and a neoplas-
tic lesion or nascent tumor develops an independent
blood supply. It has been observed that blood vessels
formed by recent angiogenesis are not responsive to the
body’s sympathetic or autonomous nervous system.
Hence, in response to exogenous thermal stress, areas
within the body supplied with blood as a result of recent
angiogenesis exhibit response to exogenous thermal
stress inconsistent with the response of adjacent areas
within the same organ of the body, the blood supply of
which is not the result of recent angiogenesis. The IR
radiation emitted over time from areas of the skin can be
mapped to underlying physiological, biochemical and
neurological processes at a variety of structural and sys-
temic organizational levels, e.g., cells, tissues, organs
and/or systems. IR radiation from those areas of the skin
associated with areas of recent angiogenic activity within
the body can be shown to be significantly different when
compared to the IR radiation from those skin areas of the
body having a blood supply not associated with recent
angiogenesis.

[0034] Using IR imaging system 2, the above-de-
scribed method of obtaining temperature-time curves
and information about the integrals of each temperature-
time curve, the present invention can identify the exist-
ence of recentangiogenesis and provide meaningful data
on the location of such angiogenesis within the breast
thereby providing an early indication that an active neo-
plastic process maybe underway in a patient or that the
patient may have already contracted cancer.

[0035] An additional application of the invention ap-
plies mathematical and statistical methods to examine
IR radiation emanating from the skin for the purpose of
identifying anigosomes or thermatomes as well as anom-
alous areas of statistically significant excess or deficiency
of IR radiation which can be mapped to underlying phys-
iological, biochemical and neurological processes at a
variety of organizational levels, e.g., cells, tissues, or-
gans and/or systems. This information is of special value
in the treatment of chronic pain, particularly myofascial
pain, by means of alternative therapies, such as acu-
puncture, acupressure, or application of exogenous elec-
tromagnetic radiation, such as therapeutic infrared or ra-
diofrequency energy.

[0036] Application of the invention for the purpose of
identifying angiosomes and thermatomes permits prac-
titioners of "Western" medicine, to efficiently utilize the
therapeutic techniques of "Eastern" or "Oriental" medi-
cine, such as acupuncture and acupressure, and permits
the practitioners of "Eastern" or "Oriental" medicine to
communicate their insights and techniques to "Western"
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health care providers.

[0037] With reference to Fig. 6, and with continuing
reference to all previous figures, the present invention
will now be described with reference to acquiring infor-
mation from IR radiation received from a patient P during
examination of breasts 114. Desirably, patient P sits on
a bench or chair 110 having a back 112 which reclines
atan angle (I from a vertical axis 113 or patient P stands
and leans against a similarly angled leaning board (not
shown). Angle (I is selected so that the underside of each
breast 114 is desirably within tFOV 92 of IR imaging cam-
era 4. To facilitate IR imaging of the lateral area of the
breasts 114 and the axilla region, patient P moves her
arms laterally and cephally away from her body, resting
her elbows and forearms on supports 115. IR imaging
camera 4 is positioned in spaced relation to patient P so
that the entire anterior chest area C of patient P and,
more particularly, breasts 114 of patient P are within tFOV
92 of IRimaging camera 4. Desirably, IRimaging camera
4 is positioned so that breasts 114 and adjacent torso
116 of patient P fill a majority of tFOV 92. However, IR
lens 32 can be adjusted to optically zoom on a specific
defined area of patient P thereby enabling acquisition of
IR radiation from this selected area.

[0038] In the present invention, optical zoom using IR
lens 32 isolates the acquisition of IR radiation from a se-
lected area of patient P, but does notincrease the surface
area of patient P viewed by each optel 90. It is believed
thatacquisition of IRimages over a smaller array of optels
90 by optical zoom will improve resolution of the image
in the subset of the portion of patient P being imaged.
[0039] The distance between patient P and IR imaging
camera 4 is selected as a tradeoff between the focal
length of IR lens 32 and the area of patient P which must
be within tFOV 92 in order to obtain meaningful physio-
logical information. To this end, IR lens 32 is preferably
configured so that all of the portion of patient P being
imaged in tFOV 92 is in focus. Desirably, IR lens 32 of
IR imaging camera 4 is configured to have a long focal
length along with a blur circle and a diffraction limit less
than the size of each optel 90 viewable by detector 28.
With this combination, IR imaging camera 4 has a depth-
of-field that enables each portion of patient P in tFOV 92
to beinfocus regardless of the distance each sub-portion
of patient P is spaced from IR imaging camera 4.
[0040] Patient P and bench 110 are received in aroom
118 having an ambient temperature which is comfortable
for patient P when disrobed. At a suitable time after pa-
tient P is received on bench 110, IR imaging camera 4
initiates acquisition of frames 94 of digital values corre-
sponding to absolute temperature represented by IR ra-
diation received from patient P in the absence of thermal
stress to patient P. The number of frames and length of
time required to acquire sufficient "baseline" information
before application of exogenous thermal stress is deter-
mined either by a human operator or automatically by
computer analysis of acquired data. After obtaining a de-
sired number of frames 94 in the absence of thermal
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stress, patient P is exposed to a flow of conditioned air
120 from one or more heat/cold pumps 122 positioned
in front of patient P. The one or more heat/cold pumps
122 are positioned to provide a substantially uniform flow
of conditioned air 120 to cool or, under certain examina-
tion protocols, warm the portion of patient P in tFOV 92
at a substantially constant rate. Desirably, a temperature
of the cool flow of conditioned air 120 supplied to patient
P from heat/cold pump 122 is different than the ambient
temperature of room 118, but still comfortable to patient
P. It has been observed that a temperature of the flow of
conditioned air 120 which is only 10°F less than ambient
room temperature produces in patient P a desired sym-
pathetic response.

[0041] Under certain clinical conditions, however, it is
appropriate to warm each breast 114 before cooling in
order to promote more blood flow to the surface of the
skin and assure that patient P is not already vasocon-
stricted as a result of ambient environment conditions.
Additional meaningful information can be obtained from
the IR radiation received from patient P in response to
alterations in thermal stress, e.g., warming to cooling and
cooling to warming. These alterations in thermal stress
can induce a kind of physiological hysteresis in the IR
radiation emissions of particular skin areas associated
with certain physiological processes in underlying tissues
and organs.

[0042] For example, heat/cool pump 122 initially sup-
plies to patient P a flow of conditioned air 120 and IR
imaging camera 2 acquires a plurality of frames 94 of
breasts 114 of patient P. Certain underlying physiological
processes manifest changes in IR radiation from the ar-
eas of the skin associated with such processes during
the warming/cooling cycle, leading to a statistically sig-
nificant difference in the values of the integrals of IR ra-
diation received from optels 90 associated with these
specific areas vs. the values of the integrals of the IR
radiation received from optels 90 associated with less
responsive tissue. This difference in the values of the
integrals can be displayed on display 12 as a difference
in the gray scale and/or color slope map image. A three-
dimensional image of the underlying structures and sys-
tems can also be developed from the acquired data.
[0043] As aresultof tissue characteristics and proper-
ties akin to that of hysteresis associated with certain mag-
netic materials, thermal stress consisting of warming fol-
lowed by cooling, a "hot and cold" cycle, and/or cooling
followed by warming, a "cold and hot" cycle, enhances
the ability of IR imaging system 2 to identify areas of
tissue associated with recent angiogenic activity, such
as in breasts 114 of patient P.

[0044] In response to receiving a flow of cool condi-
tioned air 120 from heat/cold pump 122, the sympathetic
nervous system of patient P limits blood flow to the skin
surface area of patient P being cooled. It has been ob-
served, however, that the sympathetic nervous system
does not limit blood flow to tissue of patient P which has
experienced recent angiogenesis or is experiencing the
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onset of angiogenesis. Thus, IR radiation from those ar-
eas of the skin of patient P associated with those tissues
or organs whose blood supply is associated with recent
angiogenesis or ongoing angiogenic activity does not re-
act to the cool flow of conditioned air 120 in the same
manner as other tissues of patient P. For example, as
shown in Figs. 5 and 7, the skin surface area of patient
P viewed at the optel 90 at position X3, Y3 of tFOV 92
produces temperature-time curve 100 between frame F4
and frame F200 in response to cooling of patient P by
the cool flow of conditioned air 120. Similarly, cooling of
patient P with the cool flow of conditioned air 120 causes
the skin surface area of patient P viewed at the optels 90
at positions X3, Y7; X10, Y3; and X10, Y7 between frame
F4 and frame F200 to produce temperature-time curves
102, 104 and 106, respectively.

[0045] As shown in Fig. 5, between frames F85 and
F150, curves 104 and 106 exhibit lesser rates of change
than curves 100 and 102. This difference in rates of
change indicates that the skin surface areas of patient P
viewed at the optels 90 at positions X10, Y3 and X10, Y7
are not as responsive to cooling by the flow of cool con-
ditioned air 120 as the skin surface areas of patient P
viewed at the optels 90 at positions X3, Y3 and X3, Y7.
Taking the integral of each curve 102-106 between
frames F85 and F150 will yield integral values whereupon
the integral value of curve 106 is greater than the integral
value of curve 104, which is greater than the integral val-
ue of curve 102, which is greater than the integral value
of curve 100. This provides an indication that the tissues
of patient P in tFOV 92 may be experiencing the onset
of angiogenesis or may already be supplied with blood
as a result of recent angiogenesis.

[0046] In addition to providing information about ang-
iogenesis and angiogenic activity, the present invention
can also provide meaningful information about the activ-
ity of any tissue, organ, or physiological system, the blood
flow of which is regulated by the sympathetic nervous
system.

[0047] Desirably, in the special case of early detection
of neoplastic disease in the human breast, the starting
frame 94, e.g., frame F85, and the number of frames 94
utilized for detecting the integrals of the temperature-time
curve for the optel 90 at each position in tFOV 92 can be
varied as desired for presenting an image on display 12.
Forexample, the integral of each temperature-time curve
100, 102, 104 and 106 shown in Fig. 5, is determined
between frames F85 and F150. However, the integral of
each temperature-time curve 100, 102, 104 and 106
could be determined between frames F100 and F125,
between frames F20 and F85, between frames F75 and
F175, and so forth as desired.

[0048] Moreover, the number of digital bits utilized to
map the gray scale and/or colors to the integral of each
temperature-time curve shown in Fig. 5 can also be var-
ied. For example, ifimage ADC 78 is a 12-bit analog-to-
digital converter, the gray scale and/or color slope map
images can be mapped to less than the full 12-bit range
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of image ADC 78. For example, workstation 6 can map
the integral of each temperature-time curve to a range
of digital values corresponding to base ten numbers
800-1600, thus eliminating from the immediate display
12 information of little or no immediate diagnostic value,
but without losing such information from the patient
record maintained in a patient database.

[0049] Figs. 8a-8b show a black and white rendering
of a color slope map image of patient P’s breasts 114
and a combined gray scale and black and white rendered
color slope map image of the patient P’s breasts 114,
respectively. Since the acquisition of frames 94 occurs
over an imaging interval, the temperature-time curves
represent the IR radiation from the entire tissue mass of
patient P’s breasts 114 over time, not merely the tem-
perature at the surface of the skin. As can be seen, the
color slope map image shown in Fig. 8a provides detailed
information regarding the sympathetic response of pa-
tient P’s breasts 114 to the flow of conditioned air 120
from heat/cold pump 122. In this color slope map image,
colors toward the blue end of the spectrum are associated
with optels 90 having a smaller integral value, e.g., curve
100 in Fig. 5, and areas shown in red have associated
therewith optels 90 having a greater integral value, e.g.,
curve 106 in Fig. 5. The colors green, yellow and orange
in the color slope map image shown in Fig. 8a are asso-
ciated with temperature-time curves having integral val-
ues between the integral values of temperature-time
curves 100 and 106 in Fig. 5.

[0050] InFig. 8b, areas of tFOV 92 with optels 90 hav-
ing associated temperature-time curves with integral val-
ues less than the integral value associated with the color
red are mapped to a gray scale and temperature-time
curves having integral values corresponding to the color
red are shown by a red color symbol. More specifically,
the combined gray scale and black and white rendered
color slope map image of Fig. 8b is formed by combining
a gray slope map image of the last thirty-two frames 94
and a color slope map image of the same last thirty-two
frames 94. The gray scale image is formed by mapping
the integral value of like optels 90 in the last thirty-two
frames 94 to a gray scale to form the gray scale map
image of Fig. 8b. Optels 90 of the color slope map image
associated with the color red replace like optels 90 in the
gray scale map image and the thus created gray
scale/color slope map image is displayed on display 12
to produce the gray scale/color slope map image of Fig.
8b. The areas shown by a red color symbol in Fig. 8b are
associated with tissue where recent angiogenic activity
or angiogenesis has occurred or may be occurring and,
therefore, such tissue may require further investigation.
[0051] The combined gray scale and black and white
rendered color slope map image of Fig. 8b also clearly
illustrates the vascular structure within patient P’s breasts
114 providing further information of diagnostic value to
the physician. It has been noted empirically that breasts
114 which exhibit a complex or highly irregular vascular
structure such as shown in Fig. 9, is considered suspi-
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cious and indicates that this patient P is at greater risk
for contracting breast cancer thanifthe vascular structure
were more regular. By virtue of being able to detect and
display the vascular structure of breasts 114 in some
detail, the present invention makes possible early detec-
tion of processes such as angiogenesis associated with
neoplastic disease such as breast cancer, and the ana-
tomical structures or physiological features which repre-
sent risk factors associated with neoplastic disease such
as breast cancer, thereby permitting patient P to take
action, such as elimination of "life style" risk factors, long
before a tumor is palpable and at a time when changes
a patient P may undertake in their personal lifestyle may
prevent development of breast cancer.

[0052] The present invention can also be utilized to
determine patient P’s blood flow by comparing frames
94 acquired at like times over a plurality of "heartbeat"
cycles. Specifically, the acquisition by IRimaging camera
4 of each frame 94 can be synchronized to specific por-
tions of a patient P’s heartbeat cycle. For example,
frames F1, F6, F11, etc., can be acquired during a P
wave of each of a plurality of heartbeat cycles; frames
F2, F7, F12, etc., can be acquired during a Q wave of
each of the plurality of the same heartbeat cycles; frames
F3, F8, F13, etc., can be acquired during an R wave of
each of the plurality of the same heartbeat cycles; frames
F4, F9, F14, etc., can be acquired during an S wave of
each of the plurality of the same heartbeat cycles; and
frames F5, F10, F15, etc., can be acquired duringa T
wave of each of the plurality of the same heartbeat cycles.
Utilizing elements of the patient P’s own heartbeat cycles
as a "time code" throughout the entire image acquisition
series permits more efficient application of mathematical
methods of image processing and analysis with in-
creased accuracy. Moreover, the use of a well-defined
electrophysiological process, such as the heartbeat, with
a well-established graphical display representation, e.g.,
an electrocardiogram, enhances the comparison with im-
age series obtained during different examinations and
improves the efficiency of statistical analysis of data ac-
quired over multiple examinations of the same or different
patients.

[0053] When a desired plurality of frames 94 has been
acquired over a desired plurality of heartbeat cycles,
workstation 6 determines integral values for like optels
90 in frames 94 associated with a particular moment in
each heartbeat cycle. For example, workstation 6 deter-
mines integral values for like optels 90 in frames F1, F6,
F11, etc., i.e., frames acquired during P waves of the
plurality of heartbeat cycles; determines integral values
for like optels 90 in frames F2, F7, F12, etc., i.e., frames
acquired during Q waves of the plurality of heartbeat cy-
cles; and so forth for like optels 90 in frames acquired
during R waves, S waves and T waves of the plurality of
heartbeat cycles.

[0054] Workstation 6 maps the integral values for like
optels 90 in frames 94 acquired during like moments of
the plurality of heartbeat cycles to shades of gray and/or
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color in the above-described manner. Workstation 6
causes the thus mapped shade of gray and/or color to
be displayed on the pixel or group of pixels of display 12
having positions corresponding to the position of the cor-
responding optel or optels 90 in tFOV 92 to form a gray
scale and/or color slope map image of the integral values
during a like moment of a plurality of heartbeat cycles.
For example, workstation 6 maps shades of gray and/or
color to the integral values of like optels 90 in frames F1,
F6, F11, etc., and displays on display 12 a gray scale
and/or color slope map image corresponding to the pa-
tient P’s blood flow during the P wave of plurality of heart-
beat cycles. Also or alternatively, workstation 6 maps
shades of gray and/or color to the integral values of like
optels 90 in frames 94 associated with the Q wave, R
wave, S wave or T wave of a plurality of the patient P’s
heartbeat cycles and selectively displays on display 12
the gray scale and/or color slope map image thereof.
[0055] Isolating frames 94 associated with like mo-
ments of a plurality of heartbeat cycles enables correla-
tion between differences in IR radiation from the skin sur-
face of the patient P and blood flow at multiple levels and
locations throughout the tissues of interest thereby per-
mitting quantitative assessment of blood flow in the pa-
tient P’s body in tFOV 92 of IR imaging camera 4, thereby
providing further diagnostic information of value to the
physician. Utilization of a reliable consistent time code
marker, such as the patient P’'s own heartbeat, permits
application of mathematical processes for image en-
hancement and increases the overall resolution of the
entire imaging system improving both the sensitivity and
selectivity of the system as a means of identifying, char-
acterizing and evaluating complex sympathetically me-
diated physiological processes within the living human
body and the bodies of other animals.

[0056] The present invention can also be utilized to
obtain diagnostic information by subtractively combining
the digital information contained in two frames 94. For
example, the digital information obtained from the optel
90 at each position of frame F4 can be subtracted from
the corresponding digital information obtained from the
optel 90 at each like position in frame F2. Workstation 6
can map these differences obtained for optels 90 at like
positions to a gray scale and/or color scale to produce
on display 12 a gray scale and/or color slope map image
of the difference.

[0057] With reference to Fig. 10, and with reference
back to Figs. 2-7, a problem with IR imaging of breasts
114 is the difficulty associated with obtaining in certain
patient P’'s IR images of the lower part 124 of breasts
114 regardless of the recline angle 6 of patient P. Simi-
larly, when IR imaging camera 4 is positioned in front of
patient P in the manner shown in Fig. 6, IR images of a
side 125 of each breast 114 adjacent arms 126 of patient
P cannot be easily obtained without repositioning IR im-
aging camera 4. To enable IR imaging camera 4 to view
the lower part 124 of each breast 114 as well as the side
125 of each breast 114 and the associated region of the
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axilla, a sternum mirror 130 can be positioned below
breasts 114 of patient P and lateral mirrors 132 can be
positioned on opposite sides 125 of breasts 114 of patient
P. Sternum mirror 130 and lateral mirrors 132 are posi-
tioned so that lower part 124 of each breast 114 and side
125 of each breast 114 and the region of the axilla are
within tFOV 92 and oriented to reflect IR radiation from
lower part 124 of each breast 114 and side 125 of each
breast 114 to IR imaging camera 4.

[0058] Utilizing image processing techniques, work-
station 6 can construct gray scale and/or color slope map
images of breasts 114 from IR radiation received directly
from breasts 114 and the IR radiation reflected by mirrors
130 and/or 132. To enhance the ability of IR imaging
camera 4 to detect a transition between mirrors 130, 132,
patient P and the space therebetween, each mirror 130,
132 caninclude, on one or more edges thereof viewable
by IR imaging camera 4, a strip of material having an
emissivity which is substantially different from the emis-
sivity of a human being or other living animals or tissue.
This particular application is of particular use in evaluat-
ing dermal sensitivity to exogenous materials, such as
cosmetics, and provides a means of determining the rate
of absorption through the skin of materials, such as a
topically applied pharmaceutical. This particular applica-
tion provides an accurate quantitative and reproducible
determination of dermal or skin sensitivity of human be-
ings and other animals to chemical compounds and mix-
tures, such as cosmetics, thereby eliminating the need
for certain controversial animal testing procedures, such
as the "Draiz" test. The present invention also permits
accurate quantitative and reproducible determinations of
the rate of absorption or adsorption of topically applied
medications and pharmaceuticals further eliminating the
need for controversial animal testing procedures.
[0059] With reference back to Fig. 7, and with contin-
uing reference to Fig. 10, to enable registration of suc-
cessive frames 94 over time which may extend over the
entire lifetime of patient P and to provide accurate super-
position and consolidation of frames 94 from mirrors 130,
132 and to accommodate variations in perspective due
to off-axis positioning of IR imaging camera 4, markers
158 can be placed at certain fixed anatomical landmarks
such as the supracostal notch 160, the xiphisternal junc-
tion 162, the infraclavicularfossa 164, the anterior axillary
line 166 and the acromion process 168. Markers 158 are
made of a material with substantially different emissivity
than that of patient P. In addition, certain useful anatom-
ical landmark features can be identified from the infor-
mation obtained by means of image processing tech-
niques. With particular reference to the human breast,
the existing bifurcations of the mammary vascular tree
can be used as a means of image registration over time.
[0060] There are a number of means to enable front,
side and/or bottom-up images, or three-dimensional im-
ages to be constructed from the IR radiation received
directly from patient P and reflected from mirrors 130,
132. For example, a grid 133 can be positioned between
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a lamp 134, or other heat source, and the portion of pa-
tient P in tFOV 92 of IR imaging camera 4. At an appro-
priate time after acquiring frames 94, lamp 134 is ener-
gized thereby conveying thermal energy to the portion of
patient P in tFOV 92 through grid 133. A portion of the
thermal energy from lamp 134 is absorbed by grid 133
thereby causing the patient P to receive the thermal en-
ergy from lamp 134 in a grid-like pattern. Thermal energy
received directly from lamp 134 forms on patient P an IR
radiation pattern 135 thatis grid-like when viewed directly
on patient P and which follows the contour of patient P
when viewed via mirrors 130, 132. Similarly, thermal en-
ergy received from lamp 134 via mirrors 130, 132 forms
on patient P a reflected IR radiation pattern 135’ that is
grid-like when observed by IR imaging camera 4 through
the mirrors 130, 132, but which follows the contour of the
patient P when viewed directly from patient P. Utilizing
image reconstruction techniques, workstation 6 can con-
struct from IR radiation patterns 135 and 135’ viewable
directly and via mirrors 130, 132 front, side and/or bottom-
up gray scale and/or color slope map images, or three-
dimensional gray scale and/or color slope map images
of breasts 114.

[0061] Inanother embodiment, patientP wears a nylon
brassiere (not shown) with markers 158 positioned at se-
lect locations thereon that are viewable by IR imaging
camera 4 directly or via mirrors 130, 132. Since nylon is
transparent to IR radiation, workstation 6 can use the
position of markers 158 on the brassiere to construct from
the IR radiation patterns viewable directly and via mirrors
130, 132, front, side and/or bottom-up gray scale and/or
color slope map images, or three-dimensional gray scale
and/or color slope map images of breasts 114.

[0062] With reference to Fig. 11, and with reference
back to Fig. 2, IR imaging camera 4 can be configured
for stereoscopic imaging utilizing a pair of detectors 28
and a pair of IR lenses 32 disposed on X-Y stage 64. The
pair of detectors 28 and the pair of IR lenses 32 are po-
sitioned on X-Y stage 64 to view and acquire IR radiation
from a common optel 90 in tFOV 92 at the same time. X-
Y stage 64 can be utilized to adjust the position of the
pair of detectors 28 and the pair of IR lenses 32 to view
and acquire IR radiation from each optel 90 in tFOV 92.
In this embodiment, preamplifier 76, image ADC 78 and
image processing system 80 are configured to process
the signal output by each detector 28 in response to re-
ceiving IR radiation from the same optel 90 at the same
moment. The two images obtained for the optel 90 at
each position in tFOV 92 can be combined by workstation
6 to produce a stereoscopic gray scale and/or color slope
map image of the tissue of patient P subject to thermal
stress.

[0063] With reference to Fig. 12, and with continuing
reference to Fig. 2, detector 28 can be replaced by an
array 148 of detectors 28 positioned to receive IR radia-
tion passing through front panel viewport 44, optical filter
46 and IR lens 32. In this embodiment, IR lens 32 has
been "up-sized" to focus IR radiation received thereby
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on array 148 of detectors 28, commonly known as and
referred to hereinafter as a "staring array" 148. In oper-
ation, controller 26 samples the output of each detector
28 of staring array 148 at substantially the same time,
i.e., the frame sample interval, to form one frame 94 of
the type shown in Fig. 3. Controller 26 obtains from star-
ing array 148 at predetermined intervals, a plurality of
frames 94. Using the method described above in con-
nection with Figs. 4 and 5, workstation 6 obtains for the
optel 90 at like positions in each frame 94, a thermal
response of the portion of patient P represented by the
optel 90 over the imaging interval.

[0064] With reference to Fig. 13, and with reference
back to Figs. 11 and 12, a pair of staring arrays 148 and
a pair of IR lenses 32 can be utilized in the same manner
of the pair of detectors 28 and the pair of IR lenses 32
shown in Fig. 11 to produce stereoscopic images of pa-
tient P. In this embodiment, the pair of staring arrays 148
receives IR information from each optel 90 in tFOV 92,
and preamplifier 76, image ADC 78 and image process-
ing system 80 are configured to process the image data
received from each staring array 148. The two images
obtained for the optel 90 at each position at tFOV 92 from
the pair of staring arrays 148 can be combined by work-
station 6 to produce a stereoscopic gray scale and/or
color slope map image of the tissue of patient P subject
to thermal stress.

[0065] In the embodiment shown in Fig. 11, each de-
tector 28 can be configured to detect IR radiation at dif-
ferent wavelengths. For example, one detector 28 can
be configured to detect IR radiation wavelengths be-
tween 1 and 2 microns and the other detector 28 can be
configured to detect IR radiation wavelengths between
8 and 12 microns. In addition, each detector 28 config-
ured to detect IR radiation at a specific wavelength can
be paired with another like detector 28 in the manner
shown in Fig. 11 to produce stereoscopic images of IR
radiation at the different wavelengths. Desirably, each
detector 28 is separated from another detector 28 by a
distance greater than the size of the optel 90 viewable
by each detector 28.

[0066] Desirably, the plurality of frames 94 of thermal
images of patient P obtained over an imaging interval are
stored in a patient data file in a nonvolatile memory, e.g.,
magnetic or optical data storage, of workstation 6 for sub-
sequent local retrieval and analysis. The patient data file
can also be transmitted to a distributed data system which
stores plural patient data files for subsequent retrieval
and analysis. The distributed data system preferably has
a plurality of computers at different geographic locations
that are interconnected in a manner known in the art,
e.g., Internet. Each interconnected computer includes
nonvolatile memory for receipt and storage of plural pa-
tient datafiles originating fromlocal geographic locations,
suitable operating system software and a suitable graph-
ical user interface to facilitate user interaction with the
computer. Desirably, each patient data file includes
frames 94 of IR image data obtained over an imaging
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interval as well as other patient data, e.g., lifestyle habits,
medical history and other risk factors, pertinent to an
analysis of whether the patient is at risk for developing
breast cancer. Desirably, each patient data file is stored
as a unique object in a relational database that is distrib-
uted among the computers of the distributed data system.
[0067] Desirably, the operating system software of the
distributed data system supports an expert system that
can analyze the plurality of patient data files, or a subset
of the plurality of patient data files. Specifically, the expert
system uses well-known analysis techniques, such as
numerical statistical analysis, discriminate analysis or
factor analysis to analyze a plurality of patient P data files
or compare an individual patient P’s data file with the
plurality of patient P data files for statistical inconsisten-
cies, e.g., those indicative of the angiogenesis associat-
ed with maturing neoplastic processes in the breast. De-
sirably, the expert system regularly compares the patient
P data received with all the other patient P data in a plu-
rality of patient P data files to identify statistically signif-
icant relationships and associations such as risk factors
associated with the development of angiogenic activity
or clinical manifestation of neoplastic disease.

[0068] The method and apparatus for IR imaging de-
scribed herein can be used as a means of monitoring
and objectively quantifying the effectiveness of both tra-
ditional pain treatment modalities, such as physical ther-
apy and chiropractic manipulation and "non-traditional"
pain treatment modalities, such as acupressure and ac-
upuncture. Moreover, the method and apparatus can be
used to determine appropriate points of application for
certain pain treatment modalities, such as acupressure,
acupuncture, massage therapy, trigger point injections,
prolotherapy and application of focused electromagnetic
energy, such as IR radiation.

[0069] In the evaluation of soft tissue injury, the IR im-
aging method and apparatus described herein can be
used to obtain image series of the IR radiation from the
skin over the whole body or lesser regions of interest
over time by a variety of means including first surface
mirrors of the creation of composite images by means of
software.

[0070] Data obtained from detector 28 and/or staring
array 148 can be utilized to determine axes of symmetry
of contralateral muscle groups, dermatomes and ther-
matomes. Statistical methods can be utilized to deter-
mine whether there are statistically significant differenc-
es in the IR radiation from comparable contralateral ar-
eas. If so, the analysis is continued to determine whether
there are statistically significant differences between
symmetrical areas within each contralateral group.
[0071] For example, a statistically significant differ-
ence in the IR energy emitted from the surface of the skin
associated with the right arm when compared to the left
arm might merely indicate that patient P is right-handed.
However, further statistical analysis of each arm inde-
pendently, based on considerations of internal sym-
metries of the biceps muscle group and the triceps mus-
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cle group, for example, followed by statistical analysis
and comparison of the internal symmetry relationships
within each comparable muscle group eliminates the ef-
fect of "handedness." This method of analysis is of great
importance in dealing with complaints of pain associated
with broad flat muscle areas, such as the trapezius mus-
cles, the latissimus dorsi group and other areas of the
back.

[0072] Accurate location of multiple axes of symmetry
of contralateral muscle groups, dermatomes and ther-
matomes permits accurate registration of subsequentim-
age time series and quantitative evaluation of the effec-
tiveness of treatment. Mapping the IR radiation data to
surficial anatomical landmarks and displaying the infor-
mation to the health care practitioner in real-time can
improve the efficiency and effectiveness of treatment.
[0073] The invention has been described with refer-
ence to the preferred embodiments. Obvious modifica-
tions and alterations will occur to others upon reading
and understanding the preceding description. Itis intend-
ed that the invention be construed as including all such
modifications and alterations insofar as they come within
the scope of the appended claims.

Claims

1. A method of producing images of infrared (IR) radi-
ation of a patient (P), the method comprising the
steps of:

(a) providing an IR imaging camera (4) config-
ured to receive IR radiation from an array of op-
tical elements (92) (optels) in a field-of-view
viewable by the IR imaging camera (4);

(b) acquiring a plurality of frames of IR radiation
emitted from a patient positioned in the field-of-
view, with each frame acquired during a corre-
sponding frame sample interval, with each
frame corresponding to the IR radiation acquired
from the array of optels during its frame sample
interval, characterized by the steps of

(c) determining plural integrals of IR radiation
received from the array, with each integral de-
termined with respect to time for the IR radiation
received from the same optel in at least two
frames;

(d) mapping each integral to a color or a shade
of gray; and

(e) mapping the color or the shade of gray of
each integral to a position in an image corre-
sponding to the position of the corresponding
optel in the field-of-view.

2. The method of claim 1, wherein:

the plurality of frames is acquired over an imag-
ing interval; and
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the acquisition occurrence of each frame is fixed
or variable.

3. The method of claim 1, further including the step of

adjusting for the absolute temperature of the IR ra-
diation acquired from each optel.

4. The method of claim 1, wherein step (b) includes the

step of sequentially acquiring IR radiation from each
optel in the field-of-view during the frame sample in-
terval.

5. The method of claim 1, wherein step (b) includes the

step of acquiring IR radiation from all of the optels in
the field-of-view at substantially the same time.

6. The method of claim 2, wherein step (b) includes the

steps of:

exposing the patient to ambient temperature air;
initiating the acquisition of frames;

exposing the patient to a flow of conditioned air
at a temperature different than the ambient tem-
perature; and

terminating the acquisition of frames after the
imaging interval.

7. The method of claim 1, further including the step of

positioning at least one marker on the patient and in
the field-of-view, the at least one marker having an
emissivity different than the emissivity of the patient.

8. Themethod of claim 7, wherein the atleastone mark-
er is positioned on a fixed anatomical location of the
patient.

9. The method of claim 1, further including the steps of:

positioning at least one mirror in the field-of-view
adjacent the patient; and

orienting the at least one mirror to reflect IR ra-
diation from a part of the patient that is within
the field-of-view but is concealed from the IR
imaging camera by another part of the patient
to the IR imaging camera.

10. The method of claim 9, further including the steps of:

positioning a grid between the IR imaging cam-
era and the patient;

conveying thermal energy to the patient through
the grid; and

acquiring a frame of IR radiation directly from
the patient and from the at least one mirror.

11. The method of claim 9, further including the step of
constructing a three-dimensional image of the pa-
tient from the IR radiation acquired directly from the
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patient and from the at least one mirror.

The method of claim 1, applied to one or more of the
following:

(i) detection of neoplastic disease process in a
patient;

(i) detection of angiogenesis in a patient; and
(iii) identification of treatment sites for pain man-
agement therapeutic modalities in a patient.

An infrared imaging apparatus comprising:

means for detecting (28) IR radiation from each
optical element (optel) of an array of optels form-
ing afield-of-view (92) of the imaging apparatus,
wherein the IR radiation is emitted from a body
(P) positioned in the field-of view;

a controller (26) for controlling the means for de-
tecting to selectively acquire a plurality of frames
of IR radiation from the array at a like plurality
of sample intervals, with each frame corre-
sponding to the IR radiation acquired from all or
part of the optels of the array during one sample
interval, characterized by

means (6) for determining plural integrals of IR
radiation received by the means for detecting
from the array, with each integral determined
with respect to time for a change of IR radiation
acquired from the same optel in at least two
frames, wherein the means for determining:
maps each integral to a color or a shade of gray;
and

maps the color or the shade of gray of each in-
tegral to a position in an image corresponding
to the position of the corresponding optel in the
field-of-view.

The apparatus of claim 13, wherein each optel cor-
responds to the smallest element in the field-of-view
that can be processed by the means for detecting.

The apparatus of claim 13, further including means
(78) for converting IR radiation acquired from each
optel into corresponding data, wherein the means
for determining determines the integrals for the like
optels in at least two frames from the data corre-
sponding to the IR radiation acquired from each optel
of each frame.

The apparatus of claim 13, wherein:

the acquisition occurrence of each of the plural-
ity of frames occurs logarithmically over an im-
aging interval; and

the acquisition occurrence increases late in the
imaging interval.
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17.

18.

19.

22

The apparatus of claim 13, wherein the at least two
frames are separated by at least one frame.

The apparatus of claim 13, wherein:

the acquisition of frames is synchronized to
heartbeat cycles of a patientreceivedin thefield-
of-view; and

the at least two frames are acquired during a
like portion of two different heartbeat cycles.

The method of claim 1, wherein the apparatus ac-
cording to claim 13 is used.

Patentanspriiche

1.

Verfahren zum Erzeugen Infrarot(IR)-Strahlungs-
Bildern eines Patienten (P), wobei das Verfahren die
Schritte aufweist:

(a) Bereitstellen einer IR-Abbildungskamera (4)
eingerichtet IR-Strahlung von einer Anordnung
von optischen Elementen (92) (optels) in einem
Sichtfeld, das von der IR-Abbildungskamera (4)
gesehen werden kann, zu empfangen;

(b) Erfassen einer Mehrzahl von Einzelbildern
von IR-Strahlung, die von einem Patienten aus-
gestrahlt wird, der in dem Sichtfeld positioniert
ist, wobei jedes Einzelbild wahrend eines ent-
sprechenden Einzelbildabtastintervalls erfasst
wird, wobei jedes Einzelbild der IR-Strahlung
entspricht, die von der Anordnung von optels
wahrend seines Abtastintervalls erfasst wird,
charakterisiert durch die Schritte

(c) Ermitteln mehrerer Integrale von von der An-
ordnung empfangener IR-Strahlung, wobei je-
des Integral beziglich der Zeit fur die IR-Strah-
lung, die von demselben optel in mindestens
zwei Einzelbildern empfangen wird, ermittelt
wird;

(d) Abbilden jedes Integrals auf eine Farbe oder
Graustufe; und

(e) Abbilden der Farbe oder der Graustufe jedes
Integrals auf eine Position in einem Bild, die der
Position des entsprechenden optels in dem
Sichtfeld entspricht.

Verfahren gemaR Anspruch 1, wobei:

die Mehrzahl von Einzelbildern iber ein Abbil-
dungsintervall erfasst wird; und

die Erfassungshaufigkeit jedes Einzelbilds fest
oder variabel ist.

Verfahren gemal Anspruch 1, ferner aufweisend
den Schritt des Anpassens der absoluten Tempera-
tur der von jedem optel erfassten IR-Strahlung.
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Verfahren gemafn Anspruch 1, wobei Schritt (b) den
Schritt des sequentiellen Erfassens von IR-Strah-
lung von jedem optel in dem Sichtfeld wéhrend des
Einzelbildabtastintervalls aufweist.

Verfahren gemaf Anspruch 1, wobei Schritt (b) den
Schritt des Erfassens von IR-Strahlung von allen op-
tels in dem Sichtfeld zur im Wesentlichen gleichen
Zeit aufweist.

Verfahren gemafl Anspruch 2, wobei Schritt (b) die
Schritte aufweist:

den Patienten Luft mit Umgebungstemperatur
aussetzen;

Initiieren der Erfassung von Einzelbildern;

den Patienten einem Fluss von aufbereiteter
Luft mit einer Temperatur unterschiedlich von
der Umgebungstemperatur aussetzen; und
Beenden der Erfassung von Einzelbildern nach
dem Abbildungsintervall.

Verfahren gemaly Anspruch 1, ferner aufweisend
den Schritt des Positionierens mindestens einer
Markierung auf dem Patienten und in dem Sichtfeld,
wobei die mindestens eine Markierung ein Emissi-
onsvermdgen hat, das unterschiedlich ist von dem
Emissionsvermégen des Patienten.

Verfahren geman Anspruch 7, wobeidie mindestens
eine Markierung auf einem festen anatomischem Ort
des Patienten platziert wird.

Verfahren gemaR Anspruch 1, ferner aufweisend die
Schritte:

Positionieren mindestens eines Spiegels in dem
Sichtfeld angrenzend an den Patienten; und
Orientieren des mindestens einen Spiegels, so
dass er IR-Strahlung von einem Teil des Pati-
enten reflektiert, der innerhalb des Sichtfelds ist
aber durch einen anderen Teil des Patienten zu
der IR-Abbildungskamera vor der IR-Abbil-
dungskamera verborgen ist.

10. Verfahren gemaB Anspruch 9, ferner aufweisend die

Schritte:

Positionieren eines Gitters zwischen die IR-Ab-
bildungskamera und den Patienten;
Ubertragen von thermischer Energie zu dem
Patienten durch das Gitter; und

Erfassen eines Einzelbilds von IR-Strahlung di-
rekt von dem Patienten und von dem mindes-
tens einen Spiegel.

11. Verfahren gemall Anspruch 9, ferner aufweisend

den Schritt des Erstellens eines dreidimensionalen
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12.

13.

14.

15.
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Bildes des Patienten aus der direkt von dem Patien-
ten und von dem mindestens einem Spiegel erfass-
ten IR-Strahlung.

Verfahren gemaf Anspruch 1, angewendet auf eins
oder mehr der Folgenden:

(i) Detektion eines Vorgangs einer neoplasti-
schen Erkrankung in einem Patienten;

(ii) Detektion einer Angiogenese in einem Pati-
enten; und

(iii) 1dentifikation von Behandlungsorten fiir the-
rapeutische Schmerztherapie-Modalitaten in ei-
nem Patienten.

Infrarot-Abbildungsvorrichtung aufweisend:

Mittel zum Detektieren (28) von IR-Strahlung fiir
jedes optische Element (optel) einer Anordnung
von optels, die ein Sichtfeld (92) der Abbildungs-
vorrichtung bilden, wobei die IR-Strahlung von
einem Koérper (P) ausgestrahlt wird, der in dem
Sichtfeld positioniert ist;

eine Steuereinrichtung (26) zum Steuern der
Mittel zum Detektieren, eine Mehrzahl von Ein-
zelbildern von IR-Strahlung von der Anordnung
in einer gleichen Mehrzahl von Abtastintervallen
selektiv zu erfassen, wobei jedes Einzelbild der
IR-Strahlung entspricht, die von allen oder ei-
nem Teil der optels der Anordnung wahrend ei-
nes Abtastintervalls erfasst wird, dadurch cha-
rakterisiert, dass

Mittel (6) zum Ermitteln mehrerer Integrale von
von der Anordnung durch die Mittel zum Detek-
tieren empfangener IR-Strahlung, wobei jedes
Integral beziiglich der Zeit fiir eine Anderung von
IR-Strahlung, die von demselben optel in min-
destens zwei Einzelbildern empfangen wird, er-
mittelt wird, wobei die Mittel zum Ermitteln:

jedes Integrals auf eine Farbe oder Grau-
stufe abbilden; und

die Farbe oder die Graustufe jedes Integrals
auf eine Position in einem Bild abbilden, die
der Position des entsprechenden optels in
dem Sichtfeld entspricht.

Vorrichtung gemaf Anspruch 13, wobei jedes optel
dem kleinsten Element in dem Sichtfeld entspricht,
das bei den Mitteln zum Detektieren verarbeitet wer-
den kann.

Vorrichtung geman Anspruch 13, ferner aufweisend
Mittel (78)

zum Umwandeln von von jedem optel erfasste IR-
Strahlung in entsprechende Daten, wobei die Mittel
zum Ermitteln die Integrale fiir die gleichen optels in
mindestens zwei Einzelbildern aus den Daten ermit-
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teln, die der von jedem optel in jedem Einzelbild er-
fassten IR-Strahlung entsprechen.

16. Vorrichtung gemafl Anspruch 13, wobei:

die Erfassungshaufigkeit jedes der Mehrzahl
von Einzelbildern logarithmisch (ber ein Abbil-
dungsintervall ist; und

die Erfassungshaufigkeit spat in dem Abbil-
dungsintervall zunimmt.

17. Vorrichtung gemaR Anspruch 13, wobei die mindes-

tens zwei Einzelbilder durch mindestens ein Einzel-
bild getrennt sind.

18. Vorrichtung gemafl Anspruch 13, wobei:

die Erfassung von Einzelbildern mit Herzschlag-
Zyklen eines in dem Sichtfeld enthaltenen Pati-
enten synchronisiert sind; und

die mindestens zwei Einzelbilder wahrend des
gleichen Abschnitts von zwei unterschiedlichen
Herzschlag-Zyklen erfasst werden.

19. Verfahren geman Anspruch 1, wobeidie Vorrichtung

gemal Anspruch 13 verwendet wird.

Revendications

Procédé de production d'images du rayonnement in-
frarouge (IR) d’un patient (P), le procédé comprenant
les étapes de :

(a) fourniture d’'une caméra d’'imagerie infrarou-
ge (4) configurée de maniére a recevoir un
rayonnementinfrarouge depuis un réseau d’élé-
ments optiques (optels) (92) dans un champ de
vision pouvant étre visualisé par la caméra
d’'imagerie infrarouge (4) ;

(b) acquisition d’'une pluralité de trames de
rayonnementinfrarouge émises a partir d’'un pa-
tient positionné dansle champ de vision, chaque
trame étant acquise au cours d'un intervalle
d’échantillonnage de trame correspondant, cha-
que trame correspondant au rayonnementinfra-
rouge acquis depuis le réseau d’éléments opti-
ques au cours de son intervalle d’échantillonna-
ge de trame, caractérisé par les étapes de :
(c) détermination de plusieurs intégrales de
rayonnement infrarouge regues a depuis le ré-
seau, chaque intégrale étant déterminée par
rapport au temps pour le rayonnement infrarou-
ge recu depuis le méme élément optique sur au
moins deux trames ;

(d) représentation de chaque intégrale par une
couleur ou une teinte de gris ; et

(e) représentation de la couleur ou de la teinte
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de gris de chaque intégrale a une position sur
une image correspondant a la position de I'élé-
ment optique correspondant dans le champ de
vision.

Procédé selon la revendication 1, dans lequel :

la pluralité de trames est acquise sur un inter-
valle d’imagerie ; et
I'occurrence de I'acquisition de chaque trame
est fixe ou variable.

Procédé selon la revendication 1, comportant en
outre'étape d’ajustement de latempérature absolue
durayonnementinfrarouge acquis a partir de chaque
élément optique.

Procédé selon larevendication 1, dans lequel I'étape
(b) comporte I'étape d’acquisition de rayonnement
infrarouge de maniére séquentielle a partir de cha-
que élément optique dans le champ de vision au
cours de l'intervalle d’échantillonnage de trame.

Procédé selon larevendication 1, dans lequel I'étape
(b) comporte I'étape d’acquisition de rayonnement
infrarouge a partir de la totalité des éléments opti-
ques dans le champ de vision sensiblement au mé-
me instant.

Procédé selon larevendication 2, dans lequel I'étape
(b) comporte les étapes de :

exposition du patient a de I'air a température
ambiante ;

initiation de I'acquisition de trames ;

exposition du patient a un flux d’air conditionné
a une température différente de la température
ambiante ; et

arrét de I'acquisition de trames apres l'intervalle
d’'imagerie.

Procédé selon la revendication 1, comportant en
outre I'étape de positionnement d’au moins un mar-
queur sur le patient et dans le champ de vision, le
ou les marqueurs présentant une émissivité diffé-
rente de I'émissivité du patient.

Procédé selon la revendication 7, dans lequel le ou
les marqueurs sont positionnés a un emplacement
anatomique fixe du patient.

Procédé selon la revendication 1, comportant en
outre les étapes de :

positionnement d’au moins un miroir dans le
champ de vision adjacent au patient ; et

orientation du ou des miroirs de maniere a ré-
fléchir le rayonnement infrarouge a partir d’'une
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partie du patient, qui est a I'intérieur du champ
de vision mais est cachée de la caméra d’ima-
gerie infrarouge par une autre partie du patient,
vers la caméra d’imagerie infrarouge.

Procédé selon la revendication 9, comportant en
outre les étapes de :

positionnement d’une grille entre la caméra
d’'imagerie infrarouge et le patient ;

transfert d’énergie thermique vers le patient a
travers la grille ; et

acquisition d’'une trame de rayonnement infra-
rouge directement a partir du patient et a partir
du ou des miroirs.

Procédé selon la revendication 9, comportant en
outre I'étape de construction d’'une image tridimen-
sionnelle du patient a partir du rayonnement infra-
rouge acquis directement depuis le patient et depuis
I'au moins un miroir.

Procédé selon la revendication 1, appliqué a un ou
plus de ce qui suit :

(i) détection du processus de maladie néo-plas-
tique chez un patient ;
(i) deétection d'une angiogenése chez un
patient ; et
(iii) identification de zones de traitement pour
des modalités thérapeutiques de gestion de la
douleur chez un patient.
Dispositif de formation
comprenant :

d'image infrarouge

des moyens de détection (28) du rayonnement
infrarouge de chaque élément optique (optel)
d’'un réseau d’éléments optiques formant un
champ de vision (92) du dispositif d'imagerie,
dans lequel le rayonnement infrarouge est émis
a partir d’'un corps (P) positionné dans le champ
de vision ;

une unité de commande (26) destinée a com-
mander les moyens de détection de maniére a
assurer I'acquisition sélective d’une pluralité de
trames de rayonnements infrarouges a partir du
réseau a une pluralité d’intervalles d’échantillon
identiques, chaque trame correspondant au
rayonnementinfrarouge acquis depuis la totalité
ou une partie des éléments optiques du réseau,
au cours d’'un premier intervalle d’échantillon-
nage, caractérisé par

des moyens (6) destinés a déterminer plusieurs
intégrales de rayonnements infrarouges regus
par le moyen de détection a partir du réseau,
chaque intégrale étant déterminée par rapport
au temps pour une variation de rayonnements
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14.

15.

16.

17.

18.

19.
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infrarouges acquis a partir du méme élément
optique sur au moins deux trames, dans lequel
les moyens de détermination :

représentent chaque intégrale par une cou-
leur ou un niveau de gris ; et

représentent la couleur ou le niveau du gris
de chaque intégrale a une position sur une
image correspondant a la position de I'élé-
ment optique correspondant sur le champ
de vision.

Dispositif selon la revendication 13, dans lequel cha-
que élément optique correspond au plus petit élé-
ment dans le champ de vision qui peut étre traité par
le moyen de détection.

Dispositif selon la revendication 13, comportant en
outre des moyens (78) destinés a convertir le rayon-
nementinfrarouge acquis a partir de chaque élément
optique en données correspondantes, dans lequel
les moyens de détermination déterminent les inté-
grales pour les mémes éléments optiques sur au
moins deux trames a partir des données correspon-
dant au rayonnement infrarouge acquis a partir de
chaque élément optique de chaque trame.

Dispositif selon la revendication 13, dans lequel :

I'occurrence d’une acquisition de chacune de la
pluralité de trames se produit de maniere loga-
rithmique sur un intervalle d’imagerie ; et
I'occurrence d’'une acquisition augmente en re-
tard dans lintervalle d’imagerie.

Dispositif selon la revendication 13, dans lequel les
au moins deux trames sont séparées par au moins
une trame.

Dispositif selon la revendication 13, dans lequel :

I'acquisition des trames est synchronisée avec
les cycles de battements cardiaques d’un pa-
tient présent dans le champ de vision ; et

les au moins deux trames sont acquises au
cours d'une méme partie de deux cycles de bat-
tements cardiaques différents.

Procédé selon la revendication 1, dans lequel le dis-
positif selon la revendication 13 est utilisé.
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