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(57) ABSTRACT

An apparatus for measuring lesion volume, for example, in
laboratory animals, provides a mirror box allowing a camera
to simultaneously acquire profiles of the lesion along at least
two crossing axes from which accurate volume may be
approximated at low cost.
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LESION VOLUME MEASUREMENTS
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. provi-
sional application 62/890,384 filed Aug. 22, 2019 and
hereby incorporated in its entirety by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under DE026787 awarded by the National Institutes of
Health. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to instruments for
measuring the volume of lesions, for example, tumors in
laboratory animals, and in particular to a low-cost optical
system for lesion volume measurement.

[0004] Tracking the volume of tumors produced by sub-
cutaneously implanted cancers in mice is used to determine
the efficacy of anticancer treatments. Early signs of success-
ful treatment are indicated by tumor shrinkage.

[0005] Unfortunately, the standard approach to measuring
tumor volume uses mechanical calipers which are subject to
substantial intra-user variation, often as high as 10 to 20
percent. This low accuracy can obscure the effects of the
anticancer drug if not compensated by increasing the num-
ber of animals tested with a concomitant increase in time and
costs.

[0006] More precise methods of lesion volume measure-
ment can be performed using advanced medical imaging
technologies such as ultrasound or CT scanning or by
mapping the surface of the tumor using structured light and
stereo cameras imaging techniques. These techniques are
relatively expensive, however, and for this reason caliper
measurements are still widely used.

SUMMARY OF THE INVENTION

[0007] The present invention provides a low-cost volume
measurement system for lesions using a single camera in
conjunction with a “mirror cone,” the latter allowing the
camera to obtain multiple side views of the lesion when the
camera is directed downward on the lesion. A top view by
the camera allows consistent alignment, and the side views
are processed to provide an estimate lesion volume with a
precision superior to current caliper techniques.

[0008] More specifically, in one embodiment, the inven-
tion provides an apparatus for measuring the volume of
lesions, the invention including a housing providing a lower
surface adapted to be positioned and supported at a surface
of the skin around the lesion with the lesion extending
upwardly through a center opening in the lower surface. An
electronic camera is directed toward the center opening
along a camera axis as held by the housing at a predeter-
mined distance from the lower surface. A first mirror is
attached to the housing and angled to provide a side view of
a lesion extending upward through the center opening along
a first mirror axis in a plane substantially parallel to the
surface of the skin, and a second mirror is attached to the
housing and angled to provide a side view of a lesion
extending upward through the center opening along the
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second mirror axis in the plane and different from the first
mirror axis. An electronic computer executes a program
stored in non-transitory memory to receive an image from
the camera of side views from the first and second mirrors
to compute a volume of the lesion.

[0009] Itis thus a feature of at least one embodiment of the
invention provide a simple and low-cost way of measuring
tumor volume subject to less operator variability.

[0010] The first and second mirrors furthest from the
electronic camera may provide reflecting surface within
one-quarter inch of the surface of the skin.

[0011] Itis thus a feature of at least one embodiment of the
invention to provide side profiles capturing the base of the
tumors that would be difficult to obtain directly using a
camera.

[0012] The volume computation may compute the volume
of the lesion from the sum of a set of slices parallel to the
plane at different heights along the lesion and displaced
along the camera axis, each slice constrained in width across
the first mirror axis and second mirror axis by a width of the
side view from the respective mirror at the height.

[0013] Itis thus a feature of at least one embodiment of the
invention to increase the number of measurements beyond
the two measurements normally performed with calipers to
provide improved accuracy in the measurement of tumors
that cannot be closely approximated by simple solids like an
ellipsoid.

[0014] The constraining width of the slices may be fit to a
closed curve to define the slice perimeter, wherein the closed
curve is an ellipse, the first and second mirror axes are
perpendicular and define the major and minor axes of the
ellipse, respectively.

[0015] Itis thus a feature of at least one embodiment of the
invention to provide improved measure of volume based on
a tendency for lesions to have a rounded shape.

[0016] The apparatus may include a display displaying an
image from the electronic camera having at least one fiducial
superimposed on the image of a top view of a lesion
extending upwardly through the central opening, the fiducial
mark adapted to allow alignment of the tumor with the at
least one fiducial mark between successive measurements of
the tumor by the apparatus.

[0017] Itis thus a feature of at least one embodiment of the
invention to permit accurate registration of the lesion cen-
tered within the opening for improved repeatability of
volume measurements in longitudinal studies.

[0018] The apparatus may provide at least two fiducial
marks to allow both a centering of the lesion within the plane
and a predetermined rotational orientation of the lesion
about the camera axis.

[0019] Itis thus a feature of at least one embodiment of the
invention to reduce variability that can come from rotation
of the lesion profile views with respect to the lesion.
[0020] The housing may provide an opaque shroud around
the central opening and further include a diffuse illuminator
positioned to illuminate a lesion extending upwardly
through the central opening, the diffuse illuminator being a
ring light.

[0021] Itis thus a feature of at least one embodiment of the
invention to provide improved imaging of the profiles of the
lesion possible in a controlled illuminated environment free
from variability imposed by outside light sources.

[0022] The apparatus in some embodiments may include
at least a third mirror attached to the housing and angled to
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provide a side view of a lesion along the third mirror axis in
the plane and different from the first and second mirror axes;
and the electronic computer may receive an image from the
camera of side views from the first and second and third
mirrors to compute a volume of the lesion.

[0023] Itis thus a feature of at least one embodiment of the
invention to provide improved accuracy through multi-angle
imaging without the need for complex systems for moving
a camera or sensor about the lesion.

[0024] The apparatus may include a display communicat-
ing with the electronic computer to display at least one
image of the lesion together with a computed volume.
[0025] Itis thus a feature of at least one embodiment of the
invention to provide an immediate readout of volume linked
to an image for later confirmation and validation.

[0026] The apparatus may store a set of images taken at
different times together with volumes of the lesions derived
from those images.

[0027] Itis thus a feature of at least one embodiment of the
invention to permit review of qualitative changes of the
lesion visible in the image and not only quantitative changes
in the volume.

[0028] The apparatus may provide video display sequenc-
ing through the set of images.

[0029] Itis thus a feature of at least one embodiment of the
invention to provide a set of consistently obtained images of
the lesion that may reveal other changes in the lesion shape
or morphology.

[0030] These particular objects and advantages may apply
to only some embodiments falling within the claims and thus
do not define the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1 is an exploded perspective view of a camera
and mirror cone of the present invention as may communi-
cate with a processor and display the latter displaying a top
view and two side views of a lesion as shown in an inset;
[0032] FIG. 2 a cross-sectional view taken along line 2-2
of FIG. 1 of the mirror cone positioned about a lesion
showing ray paths through the mirrors of the mirror cone to
the camera;

[0033] FIG. 3 is a diagrammatic representation of two side
views taken by the camera and mirror cone of FIG. 1 as
divided into slice regions and showing the use of the slice
dimensions to constrain major and minor axes of a fit ellipse;
[0034] FIG. 4 perspective representation of a volume
approximated by stacked ellipsoidal slices;

[0035] FIG. 5 is a perspective view of an instrument
housing for use on laboratory animals showing a replaceable
mirror cone for different sized lesions and/or different sized
animals;

[0036] FIG. 6 is a top plan view of an alternative mirror
cone design providing for five side views at equal angles
about the lesion;

[0037] FIG. 7 is a geometric representation of the use of
five profiles to describe a convex polygon for calculating a
volume of a slice having a convex polygonal periphery or
bounding box; and

[0038] FIG. 8 is a screen representation of a second
display mode providing for sequential or video display of
multiple images acquired with the present invention for
longitudinal analysis.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0039] Referring now to FIG. 1, an instrument 10 for
lesion volume measurement according to one embodiment
of the present invention may provide for a mirror cone 12
having a housing 14 providing a central opening 16. The
central opening 16 is sized to permit a lesion 18 on the skin
to extend upwardly through the central opening when the
housing 14 is pressed down onto the skin around the lesion
18.

[0040] Referring also to FIG. 2, in this regard, the housing
14 may provide for a lower foot surface 20 that may be
positioned to abut or closely abut skin at the skin plane 22
around the lesion 18 such as may help isolate the lesion 18
and raise it upward through the central opening 16. In one
embodiment, the lower foot surface 20 may provide for a
broad contact area along the skin plane 22, for example,
exceeding two square inches surrounding the central open-
ing 16 so as to stabilize the instrument 10 with respect to a
well-defined skin plane 22 and to flatten the skin plane
around the lesion 18.

[0041] The upper surface of the mirror cone 12 in one
embodiment may be upwardly concave presenting a surface
conforming to a downward frustum of a rectangular pyramid
centered over the central opening 16. The surface may
support at least two mirrors 24a and 24 positioned to the side
of the lesion 18 when the lesion is positioned within the
central opening 16. Each of the mirrors 24a and 2454 are
displaced from a center of the lesion along perpendicular
axes 26a and 265 generally parallel to the skin plane 22. The
mirrors 26 are angled at approximately 45° from the skin
plane 22 so as to direct light received along ray lines 28 from
the lesion and generally parallel to the skin plane 22 upward
toward a camera 30.

[0042] Referring still to FIGS. 1 and 2, the camera 30 may
be supported above the central opening 16 and have a field
of view directed downward toward the opening 16 so that a
central axis 31 of its field-of-view is centered within the
opening 16 and can capture not only the lesion 18 but the
mirrors 24 on either side of the lesion 18. The camera 30
may, for example, provide for 1080 P progressive scanning
with 3280x2464 pixels and an angle of view of approxi-
mately 62x48 degrees. Depending on the field of view of the
camera 30, the mirrors 24 may have an angle slightly more
than 450 with respect to the skin plane 22 so as to preserve
the parallel nature of ray lines 28.

[0043] Generally, the camera 30 will be able to image the
lesion 18 in the top plan view directly and in two perpen-
dicular side views through reflections of the mirrors 24. The
camera 30 may be fixed with respect to the housing 14 to be
properly focused on the lesion 18 by the spacing between the
camera and the lower foot surface 20.

[0044] In one embodiment, the mirrors 24 may be front
surface mirrors and/or may have a lowermost mirror reflect-
ing edge within %4 of an inch and preferably within % or less
than Y16 of an inch from the skin plane 22 so as to capture
the complete lesion 18 above the skin plane. In this regard,
the upper edge of the mirrors may extend by at least 12 inch
and preferably at least % of an inch or at least 1 inch above
the skin plane 22 to capture the full height of a range of sizes
of lesion 18. The central opening 16 may be sized for the
particular lesion but will generally be at least one square
inch in area and as much as 12 square inches in area. The
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central opening may in some embodiments be circular or
ovoid to provide close conformance to typical lesions 18.
[0045] Portions of the upper surface of the mirror cone 12
facing the camera 30 outside of the mirrors 24 may be coated
with a dark (e.g., black) nonreflective material 34 or may be
constructed of a dark nonreflective material, for example,
using an appropriately colored thermoplastic to provide
good contrast in the imaging process. In the embodiment
shown, each mirror 24 may provide an image of the lesion
18 against a dark background formed by an opposite side of
the mirror cone 12.

[0046] Referring still to FIG. 1, the invention may provide
a diffuse light source 32, for example, a light ring of white
light or near infrared light or ultraviolet light emitting diodes
arranged in a circle about the axis (camera axis) and posi-
tioned behind a diffuser of translucent plastic or the like. The
diffuse light source 32 may be positioned above the mirror
cone 12 to provide downward diffuse illumination of the
positioned lesion 18 with the camera 30 oriented to image
through a center of the diffuse light source 32.

[0047] The camera 30 and the diffuse light source 32 may
communicate with a microcontroller board 40, for example,
a Raspberry Pi 3 Model B Motherboard commercially
available from the Raspberry Pi Foundation of the United
Kingdom. Generally, the microcontroller board 40 may
include one or more processors and electronic memory
holding a stored program whose operation will be described
below. During operation of the instrument 10, the micro-
controller board 40 may turn the camera 30 and diffuse light
source 32 on and off and may receive video signals from the
camera 30. The microcontroller board 40 may also commu-
nicate with a screen 42, for example, for providing graphic
and text output and being constructed, for example, of a
standard LCD display module or the like. In some embodi-
ments, the screen 42 may be a touchscreen or the micro-
controller board 40 may communicate with a set of switches
44 for controlling the instrument 10. The instrument 10 may
further include a battery 47 for powering recited components
and operating portably.

[0048] In a first mode, the screen 42 may provide a
concurrent display of an image 46 from the camera 30
showing a first profile 50a and second profile 505 of the
lesion 18 and a top plan view 50c¢. Superimposed on the top
plan view may be a first and second alignment mark 52 that
may be aligned with fiducial marks, for example, tattoos or
ink marks placed on the lesion 18 to ensure consistent
alignment of the camera and the lesion 18. The image 46
may also provide for volume display 54 as will be discussed
in greater detail below.

[0049] Referring now to FIG. 3 the profiles 50a and 505
may be processed by the microcontroller board 40 to divide
the profiles 50 into a set of two-dimensional slices 56 each
generally parallel to the skin plane 22 and including a fixed,
predetermined vertical thickness, for example, from 2 to 3
mm. A volume of the lesion 18 may be deduced by looking
sequentially at each slice and using a slice width 584 of the
first profile 50a (measured parallel to the skin plane 22) to
define a first axis 60a of an ellipse 62 (here the minor axis)
and to use the slice width 585 of the second profile 505 to
define a second axis 6056 of the ellipse 62 (here the major
axis). The area of that ellipse is calculated by a standard
formula and the volume computed by multiplying this area
by the slice vertical thickness to calculate a volume of an
ellipsoidal slice 64 (shown in FIG. 4). This process is
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repeated for each slice 56 and the volumes of the ellipsoidal
slices 64 summed to create an approximation of the volume
of the lesion.

[0050] It will be appreciated that increased accuracy can
be obtained by decreasing the slice width to the limits of
resolution of the camera 30.

[0051] Referring now to FIG. 5, instrument 10 may further
include a main housing 70 containing the battery 47 and
microcontroller board 40, diffuse light source 32, and cam-
era 30 (all shown in FIG. 1) and exposing on its upper
surface the screen 42 and the switches 44. The main housing
70 may further provide a handle 72 that can be grasped by
the hand of a user and that includes a pushbutton switch 44'
on a handle 72 operable by the grasping hand. The handle 72
provides for easy single-handed support of the main housing
70 while permitting the user to activate the camera 30 using
the pushbutton switch 44' while using a second hand, for
example, to stabilize a mouse 73 or the like during the
imaging process. More specifically, the user may position
the mouse 73 in one hand and place the instrument 10 in
proper position over the mouse’s lesion 18 by grasping the
handle 72.

[0052] During positioning of the main housing 60, the
screen 42 may provide a real-time view of an image obtained
by the camera 30, for example, illuminated by the diffuse
light source 32 activated with a partial pressing of pushbut-
ton switch 44'. A full pressing of the pushbutton switch 44'
then captures an image and begins the computation of the
lesion volume. Several images may be taken and averaged
for improved accuracy. Each image will be stamped with a
timestamp so that it may be compared to earlier and later
acquired images as will be discussed below.

[0053] The main housing 70 may connect to the housing
14 of the mirror cone 12, for example, using releasable
connector tabs 74 so that a second style of mirror cone 12'
can be installed having, for example, a smaller central
opening 16 and smaller lower foot surface 20 matched to
smaller lesions 18. More generally multiple mirror cones 12
may be provided having different sizes for different animal
sizes. Together, the main housing 71 attached to a mirror
cone 12 and placed against the skin around the lesion 18
provides an opaque shroud blocking outside light from the
lesion 18 providing improved diffuse light elimination free
of distracting background and reflections. A switch or sensor
(not shown) may inform the microcontroller board 40 of the
particular mirror cone 12 being used so as to make the
necessary adjustments in the optical magnification provided
by a given mirror cone 12. This change in optical magnifi-
cation results from changes in optical path length and can be
readily compensated to provide consistent volume measure-
ments between different mirror cones 12. Alternatively, this
information identifying a particular mirror cone 12 may be
entered by the user through the switches 44.

[0054] Referring now to FIG. 6, the present invention is
not limited to two mirrors 24 but may use an increased
number of mirrors 24, for example, mirrors 24a-24e
arranged at angular spacings of 72° around the lesion 18 to
provide for a larger number of profiles 50a-50¢ shown in
FIG. 7. As before, the regions outside of the mirrors 24 may
be coated with a nonreflective material so as to provide a
substantially dark background around the lesion 18 for
improved imaging. It will be appreciated that in this mirror
arrangement each mirror faces primarily a non-mirror sur-
face. In addition, mirrors 24 in the field-of-view of a given
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mirror 24 can be angled so as to provide images of the mirror
box outside of the diffuse light source 32.

[0055] Referring to FIG. 7, the profiles 50a-50¢ may be
combined, for example, by projecting widths 58a-58¢ at the
corresponding angles about a center point so that these
widths 58a-58¢ define by their intersection a polygon 80
whose area can be readily computed by geometric means.
This area may be used to construct polygonal slices equiva-
lent to the ellipsoidal slices discussed above. Alternatively,
a low-order closed curve may be fit to the polygon, the area
of' that curve computed and used like the ellipsoidal volumes
64 of FIG. 5.

[0056] Referring now to FIG. 8, the screen 42 may operate
in different modes, for example, as discussed above to assist
in alignment of the instrument 10 with the lesion 18, or as
shown in FIG. 8, to display a library of images 46 taken over
time, for example, arranged in a stack in chronological order
for sequential review, or displayed in rapid succession as a
time-lapse video where typically each image 46 is separated
by many hours and possibly days. As each image 46 in the
stack is displayed volume information and change in volume
information as well as timestamp for the time the image was
taken can be provided by legends 86.

[0057] The images 46 will naturally be registered by an
alignment of the alignment marks 52 (shown in FIG. 1) with
the tattoo marks 53 on the lesion 18 described above. This
registration also avoids variations caused, for example, by
lack of centering of the lesion within the central opening 16
or rotation between the lesion 18 and the mirror cone 12
such as may change the dimensions of the profiles.

[0058] The volume computed geometrically from the pro-
files 50 may be corrected by an empirically derived correc-
tion factor obtained by making volume measurements per
the geometric calculations described above and comparing
them to independent volume measurements, for example,
made with higher accurate imaging modality. A function
relating these two volume approaches may be stored as a
curve fit line used for the empirical correction. It is impor-
tant to note that the volume measurements are used primar-
ily to detect changes and therefore consistency is more
important than exact correspondence between the volume of
the lesion and the volume computed. For this reason, por-
tions of the lesion below the surface of the skin need not be
measured because they will tend to be in proportion to the
above skin plane portions.

[0059] Certain terminology is used herein for purposes of
reference only, and thus is not intended to be limiting. For
example, terms such as “upper”, “lower”, “above”, and
“below” refer to directions in the drawings to which refer-
ence is made. Terms such as “front”, “back”, “rear”, “bot-
tom” and “side”, describe the orientation of portions of the
component within a consistent but arbitrary frame of refer-
ence which is made clear by reference to the text and the
associated drawings describing the component under dis-
cussion. Such terminology may include the words specifi-
cally mentioned above, derivatives thereof, and words of
similar import. Similarly, the terms “first”, “second” and
other such numerical terms referring to structures do not
imply a sequence or order unless clearly indicated by the
context.

[0060] When introducing elements or features of the pres-
ent disclosure and the exemplary embodiments, the articles
“a”, “an”, “the” and “said” are intended to mean that there
are one or more of such elements or features. The terms
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“comprising”, “including” and “having” are intended to be
inclusive and mean that there may be additional elements or
features other than those specifically noted. It is further to be
understood that the method steps, processes, and operations
described herein are not to be construed as necessarily
requiring their performance in the particular order discussed
or illustrated, unless specifically identified as an order of
performance. It is also to be understood that additional or
alternative steps may be employed.

[0061] References to “a microprocessor” and “a proces-
sor” or “the microprocessor” and “the processor,” can be
understood to include one or more microprocessors that can
communicate in a stand-alone and/or a distributed environ-
ment(s), and can thus be configured to communicate via
wired or wireless communications with other processors,
where such one or more processor can be configured to
operate on one or more processor-controlled devices that can
be similar or different devices. Furthermore, references to
memory, unless otherwise specified, can include one or more
processor-readable and accessible memory elements and/or
components that can be internal to the processor-controlled
device, external to the processor-controlled device, and can
be accessed via a wired or wireless network.

[0062] It is specifically intended that the present invention
not be limited to the embodiments and illustrations con-
tained herein and the claims should be understood to include
modified forms of those embodiments including portions of
the embodiments and combinations of elements of different
embodiments as come within the scope of the following
claims. All of the publications described herein, including
patents and non-patent publications, are hereby incorporated
herein by reference in their entireties

[0063] To aid the Patent Office and any readers of any
patent issued on this application in interpreting the claims
appended hereto, applicants wish to note that they do not
intend any of the appended claims or claim elements to
invoke 35 U.S.C. 112(f) unless the words “means for” or
“step for” are explicitly used in the particular claim.

1. An apparatus for measuring the volume of lesions
comprising:

a housing providing a lower surface adapted to be posi-
tioned and supported at a surface of skin around the
lesion with the lesion extending upwardly through a
center opening in the lower surface;

an electronic camera directed toward the center opening
along a camera axis, the electronic camera held by the
housing at a predetermined distance from the lower
surface;

a first mirror attached to the housing and angled to provide
a side view of a lesion, extending upward through the
center opening, along a first mirror axis in a plane
substantially parallel to the surface of the skin;

a second mirror attached to the housing and angled to
provide a side view of a lesion extending upward
through the center opening along the second mirror axis
in the plane and different from the first mirror axis; and

an electronic computer executing a program stored in
non-transitory memory to receive an image from the
camera of side views from the first and second mirrors
to compute a volume of the lesion.

2. The apparatus of claim 1 wherein a lower edge of the
first and second mirrors furthest from the electronic camera
provided a reflecting surface within one-quarter inch of the
surface of the skin.
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3. The apparatus of claim 1 wherein the volume compu-
tation computes the volume of the lesion from a sum of a set
of slices parallel to the plane at different heights along the
lesion and displaced along the camera axis, each slice
constrained in width across the first mirror axis and second
mirror axis by a width of the side view from a respective
mirror at the height

4. The apparatus of claim 3 wherein the constraining
width of the slices is fit to a closed curve to define a slice
perimeter; wherein the closed curve is an ellipse, the first
and second mirror axes are perpendicular and define a major
and minor axis of the ellipse, respectively.

5. The apparatus of claim 1 further including a display
displaying an image from the electronic camera and having
at least one fiducial superimposed on the image of a top view
of a lesion extending upwardly through the center opening
and adapted to allow alignment of the lesion with the at least
one fiducial mark between successive measurements of the
lesion by the apparatus.

6. The apparatus of claim 5 further including at least two
fiducial marks to allow both a centering of the lesion within
the plane and a predetermined rotational orientation of the
lesion about the camera axis.

7. The apparatus of claim 1 wherein the housing provides
an opaque shroud around the central opening and further
including a diffuse illuminator position to illuminate a lesion
extending upwardly through the center opening; wherein the
diffuse illuminator is a ring light.

8. The apparatus of claim 1 further including at least a
third mirror attached to the housing and angled to provide a
side view of a lesion extending upward through the center
opening along the third mirror axis in the plane and different
from the first and second mirror axes; and wherein the
electronic computer receives an image from the camera of
side views from the first and second and third mirrors to
compute a volume of the lesion.
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9. The apparatus of claim 1 further including a display
communicating with the electronic computer to display at
least one image of the lesion together with a computed
volume.

10. The apparatus of claim 1 wherein the computer
operates to store a set of images taken at different times
together with volumes of lesions derived from those images.

11. The apparatus of claim 10 wherein the computer
provides a video display sequencing through the set of
images.

12. A method of assessing lesion volume using an instru-
ment having: a housing providing a lower surface adapted to
be positioned and supported at a surface of the skin around
the lesion with the lesion extending upwardly through a
center opening in the lower surface; an electronic camera
directed toward the center opening along a camera axis, the
electronic camera held by the housing at a predetermined
distance from the lower surface; a first mirror attached to the
housing and angled to provide a side view of a lesion,
extending upward through the center opening, along a first
mirror axis in a plane substantially parallel to the surface of
the skin; a second mirror attached to the housing and angled
to provide a side view of a lesion extending upward through
the center opening along the second mirror axis in the plane
and different from the first mirror axis; and an electronic
computer executing a program stored in non-transitory
memory to receive an image from the camera of side views
from the first and second mirror to compute a volume of the
lesion, the method comprising:

(a) positioning the lesion to extend upwardly through the

center opening in the lower surface;

(b) capturing side views from the first and second mirrors

by the electronic computer; and

(c) computing a volume of the lesion from the side views

and the known geometry of the first and second mirror.
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