US 201801609

a9y United States
12) Patent Application Publication (o) Pub. No.: US 2018/0160953 Al

Al

53

VALSAN et al. (43) Pub, Date: Jun. 14, 2018
(54) MULTISPECTRAL MEDICAL IMAGING (52) US. CL
DEVICES AND METHODS THEREOF CPC ... AG6IB 5/14551 (2013.01); A61B 5/70
(2013.01); A61B 5/742 (2013.01); A61B
(71) Applicant: Christie Digital Systems USA, Inc., 5/7207 (2013.01); 4618 2576/02 (2013.01);
Cypress, CA (US) AGIB 5/489 (2013.01); A61B 5/1455
(2013.01); 461B 5/0261 (2013.01); A61B
(72) Inventors: Gopal VALSAN, Brampton (CA); Sina 5/02007 (2013.01)
ZAREI MAHMOODABADI,
Kitchener (CA); Robert Benjamin
WAGNER, Kitchener (CA); David (57) ABSTRACT
PRIEST, Cambridge (CA); Robert
AMELARD, Waterloo (CA) A multispectral medical imaging device includes illumina-
(21) Appl. No.: 15/861,521 tion devices arranged to illuminate target tissue. The illu-
mination devices emit light of different near-infrared wave-
(22) Filed: Jan. 3, 2018 length bands. The device further includes an objective lens,
a near-infrared image sensor positioned to capture image
Related U.S. Application Data frames reflected from the target tissue, and a visible-light
L. L. image sensor positioned to capture image frames reflected
(62) Division of application No. 14/341,103, filed on Jul. from the target tissue. A processor is configured to modulate
25, 2014. near-infrared light output of the plurality of illumination
Publication Classification devices to illuminate the target tissue. The processor is
further configured to determine reflectance intensities from
(51) Int. CL the image frames captured by the near-infrared image sensor
A61B 5/1455 (2006.01) and to generate a dynamic tissue oxygen saturation map of
A61B 5/00 (2006.01) the target tissue using the reflectance intensities. The device
A61B 5/02 (2006.01) further includes an output device connected to the processor
A61B 5/026 (2006.01) for displaying the dynamic tissue oxygen saturation map.

DISPLAY
;60 ¢ USER
INTERFACE
50
PROCESSOR | | MEMORY
46 44
I i
DRIVER IMAGE BUFFER
40 42
zzj !
Iy
134
U
TN\ 3
18 2



US 2018/0160953 A1

Jun. 14,2018 Sheet 1 of 11

Patent Application Publication

or

¥343N9 IOVING HINRIA
[ i
¥ 14
AHOW3IWN ¥OSS3I00Ud
i
s
FIV4HI NI
d43sn

AV1dSIA




US 2018/0160953 A1

Jun. 14,2018 Sheet 2 of 11

Patent Application Publication

€ "DId4

74
JNVHL LNdINO

JAVHS 1NdLINO

174

FONIND3S LNdLNO

|

[

|

[

|

|

| | =

| | JAVHA LNdLNO

| f

| " M 2

| “ m JAVYS LNdLNO

| | }

| | f | 74

“ " M " .8, INVYH4 1Nd1N0

_ | i | z:

| , i , | 7

| | i | | .V, INVYES 1NdLNO

L L 4 L L L 7z L L
TV 3NVYS HY INVYS | EVINYYS | TV INVYS | TV IANVYY | PY3AVYES | EY INVES | ZYINVES | TV 3ved
IOV IDVIN IDVIAI JOVINI IOV IOV JOVINI IOV ELLA

'

0L MOONIM DNITIOY

JONINDIS 3UNLAVYD 3NvYd



US 2018/0160953 A1

Jun. 14,2018 Sheet 3 of 11

Patent Application Publication

¥ "ODId

8
NOILVINIIVD
NOLLVYENLVYS NIDAXO

76

XIHLVYIN IN3IDI34300

88

Y SS3004d vi13d

€Y SS3D0ud vi13a

Y SS3304d vi13d

TY 5S3004d V1134

v8

¥344Ng JOVINY

AINHENY

ay 06 58 06 88 06 EE 06
Y d3iddng Y IOVINI EXY H344N9 EY IDVIAL Y ¥3ddng Y 3DVIN IV d3ddneg TY 3OV
IOV 434 D01 IOVIAI 434 901 IDVIAIL 434 501 FDVING 434 207
uu n.:.. n...w u:«_
3 5 1 1
3 § i 1
+ 1 + 1 + H + §
s H ) i
L e van o e oo o e o o von e e s it o e ror § g o van sn o o O s Al - e er. e o o v o o o v o o aot o wn o £ - - - P NS
08 08 08 08
Y d344nd €Y ¥344n8 Y d3dang Y H344Ng
JOVIAL IDVING JOVIAl IDVINLE




Patent Application Publication

3

CURRENT
FRAME IMAGE
BUFFER
86

LOG PREV
FRAME
98

LOG REF
IMAGE
90

COEFFICIENT
MATRIX
92

Jun. 14,2018 Sheet 4 of 11

US 2018/0160953 A1

DELTA PROCESS
88

Calculate logarithm of intensities
in current frame
%4

Y

-

Subtract logarithm of intensities
of previous frame from
fogarithm of intensities of
current frame
96

Y

Subtract result from logarithmic
values of the reference image to
obtain working difference
100

'

Apply coefficients to working
difference to obtain

Set current
frame to next
frame
108

concentration changes
102

Y

Update concentrations of
oxygenated/deoxygenated
hemoglobin with concentration
changes
104

Y

Store logarithm of intensities of
current frame as logarithm of

A

intensities of previous frame
106

FIG. 5




US 2018/0160953 A1

Jun. 14,2018 Sheet 5 of 11

Patent Application Publication

L "OId

0 ‘@due 2ias1Is1BIRYD

fowi7 Jayawesred

—— UOI1394403 UluB|3|N

Iz
NOLLDIEHY0D NINVIIN

9 "9I4

8L

*4 57

NYO4SNVHL
IOVdS 400D

Say

EYA
¥344N8 IDVINI
L1HOT-IGISIA

e




US 2018/0160953 A1

Jun. 14,2018 Sheet 6 of 11

Patent Application Publication

8

"OId

9ElL
VNI

zit

vZ1L
JLVINIXOHddY

SINIIDI4430D0 NOLLVHLSIDIY 3DV




US 2018/0160953 A1

Jun. 14,2018 Sheet 7 of 11

Patent Application Publication

291
uoi8ad Msew

4——53A

y

LT
el
Ndino IXaN

v

PoT
uoidal xapn

N

» OjuUCISO e

0T

awed]
o8eut; IXaN

4

ON

95T
¢autels inding
10§ suiely
28wt 1587

S3A

91
ipjoysaay
< UOIIONPA
Ayisuazuy

09T
uoifal

saelpe

0T "9I4

6

9Idg

UMD
J0 Aysuaiu
asedwiod




US 2018/0160953 A1

Jun. 14,2018 Sheet 8 of 11

Patent Application Publication

FONINDIS 1NdLNO GIYNSYIN

IT "9I1Id
-
IDININDIES LNdLNO 3A0OW IDNIH344a
8T P81 78T ¥etT
FINVYHS NS FINVY JiINVYd
ERNENEREHE FONIH3441Q | 3ONIHIIAHA | IDNIYIAIT
78T k= 78T k= 78T k= 78T k=
+ + + +
08T
JNYHS
FONIHIAIY
0
f
i
v 174 174 [ 74 178 [ 74 174
INHS FINVYd ANVHS INVYS FINVYS JINVYA JINVYHA
indino 1Ndino 1Ndino 1NdinNo 1lndino 1Ndino lndino
g




US 2018/0160953 A1

Jun. 14,2018 Sheet 9 of 11

Patent Application Publication

ADVEAIIL IVNSIA €~ _

6l

\ /

861

¥
AVdsia

3DIA30 1sSnravy
TVANVIN

N L 139¥vV1 1snfav
00¢ TANYIA

& €T 914




722 ‘viz D9T "OId g99T "SId

AONVISIO LV 13DdVL ,w

3S0OT0 001 L3D¥vL

US 2018/0160953 A1

p—
p—
b e L PIT il /b e,
—H E e S D N 172 S R
P ~{w3] ez {59]
- T T My WELC ] T
- N T e N e
@ N TN S T e
QNG T NS T
= N S T NS T
7 e e ..
R @
]
[—1
[\
<
p—
o
= Y91 "9I4
Hv4 0041 13D8VvL ,_

Patent Application Publication



Patent Application Publication  Jun. 14,2018 Sheet 11 of 11  US 2018/0160953 A1

17

FIG.




US 2018/0160953 A1

MULTISPECTRAL MEDICAL IMAGING
DEVICES AND METHODS THEREOF

FIELD

[0001] This disclosure relates to medical imaging, more
specifically, to multispectral medical imaging devices and
methods thereof.

BACKGROUND

[0002] Multispectral medical imaging is known to be used
to measure oxygenation of blood vessels and tissue. It is an
important tool. Quantified oxygenation data can assist medi-
cal professionals in providing better patient care.

[0003] State-of-the-art techniques for multispectral medi-
cal imaging suffer from various drawbacks. Some tools only
offer the ability to make spot measurements on small areas
of tissue. Other tools are only capable of providing still
images or low frame-rate moving images, which can make
clinical assessment more difficult. Some tools suffer from
the lack of a convenient way to accurately and repeatedly
position and aim towards a target area on the patient. In
addition, it is often the case that ambient conditions, such as
overhead lighting, and patient particulars, such as skin tone,
detrimentally affect measurements.

[0004] There is a need for improvement in the field of
multispectral medical imaging.

SUMMARY

[0005] According to an aspect of the present invention, a
multispectral medical imaging device includes a plurality of
illumination devices arranged to illuminate a target tissue.
The illumination devices are configured to emit light of
different near-infrared wavelength bands. The device further
includes an objective lens, a near-infrared image sensor
positioned to capture image frames reflected from the target
tissue through the objective lens, and a visible-light image
sensor positioned to capture image frames reflected from the
target tissue through the objective lens. A processor is
connected to the near-infrared image sensor, the visible-light
image sensor, and the plurality of illumination devices. The
processor is configured to modulate near-infrared light out-
put of the plurality of illumination devices to illuminate the
target tissue. The processor is further configured to deter-
mine reflectance intensities from the image frames captured
by the near-infrared image sensor and to generate a dynamic
tissue oxygen saturation map of the target tissue using the
reflectance intensities. The device further includes an output
device connected to the processor for displaying the
dynamic tissue oxygen saturation map.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The drawings illustrate, by way of example only,
embodiments of the present invention.

[0007] FIG. 1 is a block diagram of a multispectral medi-
cal imaging device.

[0008] FIG. 2 is a perspective diagram of a portion of the
multispectral medical imaging device including a housing.
[0009] FIG. 3 is a schematic diagram of rolling processing
for captured image frames.

[0010] FIG. 4 is a functional block diagram of an oxygen
saturation computation performed on captured image
frames.
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[0011] FIG. 5 is a diagram of a delta process used for the
oxXygen saturation coniputation.

[0012] FIG. 6 is a diagram of a melanin correction opera-
tion.

[0013] FIG. 7 is a chart of a melanin correction parameter.
[0014] FIG. 8 is a diagram showing a motion correction
process.

[0015] FIG. 9 is an example output image showing

example oxygen saturation concentrations and a curvature
mask.

[0016] FIG. 10 is a flowchart of a process for determining
a curvature mask.

[0017] FIG. 11 is a diagram showing a process for gen-
erating a dynamic difference map for oxygen saturation.

[0018] FIG. 12 is a schematic diagram of a laser framing
array.
[0019] FIG. 13 is a schematic diagram showing use of the

laser framing array.

[0020] FIG. 14 is a schematic diagram of another laser
framing array.

[0021] FIG. 15 is a perspective diagram of a laser posi-
tioning array.

[0022] FIGS. 16A-16C are diagrams showing use of the
laser positioning array.

[0023] FIG. 17 is a chart showing the device response to
a simulated venous block and a simulated arterial block.

DETAILED DESCRIPTION

[0024] The multispectral medical imaging devices and
methods discussed herein measure reflectance intensities
and compare such to a reflectance standard. Ambient light
subtraction and melanin correction are also discussed. Near-
video or video frame rates can be achieved in real time. A
rolling processing technique and logarithmic difference pro-
cessing can be used to reduce processing overhead and
increase frame rates. Image registration can be used to
perform motion correction. Regions of high curvature and
regions containing vasculature can be removed or masked
from processed oxygen saturation concentration images. A
difference mode allows for viewing of oxygen saturation
differences over a reference frame. Laser framing and posi-
tioning arrays are also provided to assist in proper position-
ing of the device with respect to the target tissue.

[0025] The spectroscopic techniques discussed herein can
be used to determine the concentrations of three components
of a target tissue, namely, oxygenated hemoglobin, deoxy-
genated hemoglobin, and melanin. Tissue of interest is
illuminated by near-infrared (NIR) light, and some of such
light is absorbed by oxygenated hemoglobin, deoxygenated
hemoglobin, and melanin, and some light is scattered.
Absorption amounts are dependent on wavelength and the
concentration of each of the components. Scattering depends
on wavelength and path length. Light which is diffusely
reflected back is captured by a near-infrared image sensor.
The concentration of the three components and the amount
of scattered light can be determined by capturing diffusely
reflected light from several different wavelength bands of
near-infrared light. Measured concentration of melanin can
be used to correct concentrations of oxygenated and deoxy-
genated hemoglobin. Light in the visible spectrum can also
be captured and processed. These and many other features
and aspects of the invention are discussed below.
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[0026] FIG. 1 shows a diagram of a multispectral medical
imaging device 10 according to an embodiment of the
present invention.

[0027] The multispectral medical imaging device 10
includes a plurality of illumination devices 12 and 14, an
objective lens 16, a beam splitter 18, a near-infrared image
sensor 20, and a visible-light image sensor 22.

[0028] Near-infrared illumination devices 12 are arranged
to illuminate target tissue 24. The near-infrared illumination
devices 12 are configured to emit light 26 of different
near-infrared wavelength bands. Visible-light illumination
devices 14 are arranged to illuminate the target tissue 24
with light 28 in the visible spectrum, such as white light. The
near-infrared and visible light emitted 26, 28 by the illumi-
nation devices 12, 14 shines on the same general area of the
target tissue in a time-sequenced manner, as will be dis-
cussed below. The illumination devices 12, 14 may include
light-emitting diodes (LEDs) of suitable wavelengths. One
or more fly’s eye condenser lenses can be provided in the
path of the illumination devices 12, 14 to improve unifor-
mity of illumination. In many implementations, the visible-
light illumination devices 14 may be omitted.

[0029] In this example, the near-infrared illumination
devices 12 are four LEDs having near-infrared wavelength
bands with nominal peak wavelengths of about 740, 780,
850, and 940 nm.

[0030] The objective lens 16 is positioned to capture light
30 reflected from the target tissue 24 and to direct such
captured light 30 to the beam splitter 18. The objective lens
16 can be of any suitable type and configuration. Relay
optics may also be provided. In one example, the size of the
region of the target tissue 24 to be analyzed is about 200 mm
by about 150 mm, and the objective lens 16 can be appro-
priately selected for such area.

[0031] The beam splitter 18 can be a dichroic beam
splitter, or similar optical device. The beam splitter 18 is
arranged to split the captured light 30 received from the
objective lens 16 into near-infrared light 32 and visible light
34. The beam splitter 18 is arranged to direct the captured
near-infrared light 32 to the near-infrared image sensor 20
and to direct the captured visible light 34 to the visible-light
image sensor 22. In one example, the beam splitter 18 directs
wavelengths of less than about 700 nm to the visible-light
image sensor 22 and directs wavelengths of greater than
about 700 nm to the near-infrared image sensor 20.

[0032] The near-infrared image sensor 20 is positioned to
capture near-infrared light 32 reflected from the target tissue
24 through the objective lens 16. The near-infrared image
sensor 20 is configured to capture the near-infrared light 32
as a sequence image frames at a frequency in excess of a
suitable video frame rates (e.g., greater than 24 frames per
second or FPS). Adjacent frames of different near-infrared
wavelength bands are combined into a sequence of oxygen
saturation frames at a reduce frame rate, such as a video
frame rate (e.g., 24 FPS) to produce a dynamic tissue oxygen
saturation map, as will be discussed in detail below. The
near-infrared image sensor 20 may include a complementary
metal-oxide-semiconductor (CMOS) device with high sen-
sitivity to near-infrared wavelengths.

[0033] The visible-light image sensor 22 is positioned to
capture visible light 34 reflected from the target tissue 24
through the objective lens 16. Visible-light image frames can
be included in the sequence of image frames capturing the
near-infrared light 32, and can be captured that the same rate
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as each near-infrared wavelength band or at a lower rate. The
visible-light sensor 22 may include a Bayer-masked RGB
CMOS device.

[0034] The multispectral medical imaging device 10 fur-
ther includes an illumination driver 40, an image capture
buffer 42, memory 44, a processor 46, a display 48, and a
user interface 52.

[0035] The illumination driver 40 is connected to the
processor 46. The illumination driver 40 is a circuit that
controllably provides driving power to the illumination
devices 12, 14 and operates the illumination devices 12, 14
according to a sequence controlled by the processor 46.
[0036] The image capture buffer 42 includes memory that
is connected to the image sensors 20, 22 and is operable to
buffer image frames captured by the near-infrared and
visible-light image sensors 20, 22. The image capture buffer
42 is connected to the processor 46 to allow the processor 46
to control the capture sequence of the image frames. The
image capture buffer 42 is also connected to the memory 44,
which provides storage space for captured and/or processed
image frames.

[0037] The memory 44 is connected to the processor 46
and stores captured and/or processed image frames and one
or more programs that are executable by the processor 46 to
implement the functionality described herein. The memory
44 provides short-term working memory space for tempo-
rary variable and intermediate processed values or images.
The memory can also provide long-term storage for indefi-
nite recording of dynamic tissue oxygenation maps and
similar. The memory 44 can include any single or combi-
nation of devices such as random-access memory (RAM),
read-only memory (ROM), flash memory, a hard-disk drive,
an optical storage drive, and the like.

[0038] The processor 46 may be any kind of micropro-
cessor, central processing unit (CPU), multi-core processor,
field-programmable gate array (FPGA), or the like. The
processor 46 is configured by one or more programs to
modulate near-infrared and visible light 26, 28 output by the
plurality of illumination devices 12, 14 to illuminate the
target tissue 24. The processor 46 can modulate the illumi-
nation devices 12, 14 to illuminate the target tissue 24 by
sequentially driving the illumination devices 12, 14 and
capturing image frames in a sequence, in which each image
frame corresponds to illumination of the target tissue by a
different wavelength band. The processor 46 is further
configured, by one or more programs, to determine reflec-
tance intensities from image frames captured by the image
sensors 20, 22 and to generate a dynamic tissue oxygen
saturation map of the target tissue 24 using the reflectance
intensities. This will be discussed in further detail below.
[0039] Thedisplay 48 is an output device that is connected
to the processor 46 and configured to display the dynamic
tissue oxygen saturation map 50, which may be performed
in real time and/or at video frame rates. The display 48 can
be positioned for convenient viewing by a clinician or other
user operating the device 10. An additional or alternative
output device is a projector that projects the dynamic tissue
oxygen saturation map onto the target tissue 24, so that the
tissue oxygenation map can be viewed as overlaid with the
tissue itself.

[0040] The user interface 52 is connected to the processor
46 and can include user interface controls such as buttons,
switches, dials, touch-sensitive elements of the display 48, a
combination of such, or similar. The user interface 52 allows
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for clinician control of the multispectral medical imaging
device 10, including powering on/off, turning on/off various
components (e.g., laser framing/focusing), adjusting settings
(e.g., thresholds or parameters discussed herein), and mak-
ing selections such as selecting a reference frame for a
temporal difference operation, which will be discussed
below.

[0041] The multispectral medical imaging device 10 can
further include one or both of a laser positioning array 60
and a laser framing array 62. The laser positioning array 60
includes two laser sources 64, such as diode lasers, that are
arranged to emit laser beams in the general direction of the
target tissue 24. Positioning spots are shined onto the target
tissue, and the device 10 can be moved backward or forward,
away from or towards the target tissue, to cause the posi-
tioning spots to move. The positioning spots are used to
indicate whether a correct focus position for the objective
lens 16 has been reached or whether the device 10 should be
moved toward or away from the target tissue 24 to reach the
correct focus position. This will be discussed in further
detail below.

[0042] The laser framing array 62 includes at least one
laser source 66, such as a diode laser, that is arranged to emit
at least one beam toward the target tissue 24. One or more
laser points are shined onto the target tissue, and the device
10 can be rotated, titled, or otherwise move to align the spots
on the target tissue 24. This can assist in repeatedly posi-
tioning the target tissue 24 with respect to the objective lens
16 at a desired measurement location during subsequent
oxygenation measurement sessions. This will be discussed
in further detail below.

[0043] The multispectral medical imaging device 10 may
further include an ambient-light sensor 68 positioned to
detect levels of or changes in background illumination. The
ambient-light sensor 68 is connected to the processor 46 and
may be a visible-light sensor, an infrared light sensor, a
combination of such, or similar.

[0044] All or some of the components of the multispectral
medical imaging device 10 can be provided in a housing 58,
as shown in FIG. 2. Particularly, the housing 58 can contain
an opening for the objective lens 16, and all or some of the
illumination devices 12, 14 can be arranged in one or more
circular rings around the objective lens 16 to promote
spatially uniform illumination.

[0045] With reference to FIG. 3, the processor 46 is
configured to perform rolling processing on a window 70 of
image frames 72 corresponding to illumination of the target
tissue 24 by each of the near-infrared illumination devices
12. Each image frame 72 corresponds to one of the wave-
length bands of the near-infrared illumination devices 12.
That is, when the rolling window 70 is at the position
illustrated, sequential image frames 72 for wavelength bands
A, A2, A3, Ad are combined to form an output frame 74
(show as “A”), which is illustrated as wider merely to show
the corresponding source image frames 72. When the next
image frame 72 (Al wavelength band) is captured, the
rolling window 70 is moved such that sequential image
frames 72 for wavelength bands A2, A3, A4, A1 are combined
to form a subsequent output frame 74 (show as “B”). This
process continues for the capture sequence, where the
sequence of output frames forms the dynamic tissue oxygen
saturation map.

[0046] As can be seen, the frame rate of the dynamic tissue
oxygen saturation map is approximately equal to a combined
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frequency of modulation of all wavelength bands outputted
by the near-infrared illumination devices 12. That is, a new
output frame 74 can be generated after each new near-
infrared image frame 72 is captured by the near-infrared
image sensor 20. The output frame rate thus decoupled from
the number of different near-infrared frequency bands to be
sequentially captured. However, this does not take into
account capture of visible-light image frames by the visible-
light image sensor 22. This also does not take into account
ambient near-infrared image frames captured by the near-
infrared image sensor 20 when the near-infrared illumina-
tion devices 12 are off. Visible-light image frames and
ambient near-infrared image frames are captured in
sequence with the near-infrared image frame 72, although
not necessarily at the same frequency. Increasing the number
of visible-light image frames and/or ambient near-infrared
image frames captured can reduce overall output frame rate.
However this can be beneficial. as such image frames are
used for correction purposes.

[0047] FIG. 4 shows an oxygen saturation computation.
[0048] Tissue oxygen saturation is derived from a spec-
troscopic technique based on the Beer-Lambert Law that
utilizes the spatially resolved reflectance of the target tissue
at four different near-infrared wavebands to determine the
relative concentrations (C) of oxygenated hemoglobin
(HbO,) and deoxygenated hemoglobin (Hb). Tissue oxygen
saturation can be calculated by the processor 46 according to
the following formula:

S0 Chso,
T Chso, + Chp
[0049] The image capture buffer 42 (FIG. 1) can include

one or more image buffers 80 for each of the near-infrared
wavelength bands A1, A2, A3, A4 to capture. The image
buffers 80 are filled in sequence, as discussed above with
respect to the rolling processing. After a next image buffer
80 is filled, the oxygen saturation calculation 82 is per-
formed to obtain tissue oxygen saturation, S;O,. That is,
after the image buffer 80 for wavelength band A1 is filled
with a new near-infrared image frame captured by the
near-infrared image sensor 20, the oxygen saturation calcu-
lation 82 is performed. Then, after the image buffer 80 for
wavelength band A2 is filled with a new near-infrared image
frame captured by the near-infrared image sensor 20, the
oxygen saturation calculation 82 is performed again. The
cyclic filling of the image buffers 80 repeats, with a new
oxygen saturation calculation 82 being performed after each
fill.

[0050] Prior to the oxygen saturation calculation 82, cor-
rection for background or ambient infrared radiation can be
performed. A captured ambient image of the target tissue 24
that is stored in an ambient image buffer 84 can be sub-
tracted from each of the contents of the image buffers 80.
The results are then forwarded to ambient-corrected image
buffers 86.

[0051] The ambient image of the target tissue 24 can be
captured by the processor 46 switching off the near-infrared
illumination devices 12 and controlling the near-infrared
image sensor 20 to capture an image frame. This can be
performed repeatedly, such as once for each captured
sequence of near infrared wavelength bands of interest (e.g.,
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A, A2, 2.3, Ad), with the most recent ambient infrared image
being kept in the ambient image buffer 84. Alternatively, this
can be performed less frequently, such as once for every N
captured sequences of near infrared wavelength bands. Suit-
able values of N can be determined based on expected usage
scenarios. For example, it may be suflicient to capture an
ambient image frame once each second (e.g., at 24 FPS,
N=24). In another example, it may be may be sufficient to
capture an ambient image frame once each minute or even
at longer intervals. In addition, the processor 46 and ambient
image buffer 84 can be configured to calculate and store a
time-average of two or more captured ambient images.

[0052] Alternatively, the ambient-light sensor 68 con-
nected to the processor 46 can be used to trigger capture of
an ambient image when the processor 46 determines that
there has been a change in ambient infrared illumination that
exceeds a threshold. The ambient-light sensor 68 can be an
infrared light sensor capable of detecting the change directly.
Alternatively, the ambient-light sensor 68 can be a visible-
light sensor that detects a change in ambient visible illumi-
nation that may be indicative of the change in ambient
infrared illumination.

[0053] Delta or change-based processing 88 is performed
on images stored in the ambient-corrected image buffers 86.
For each wavelength band, the delta processing 88 uses
logarithmic values of a reference image 90 that acts as a
reference standard for the particular wavelength band. The
delta processing 88 further references a coeflicient matrix 92
that relates reflectance intensities to concentrations of oxy-
genated and deoxygenated hemoglobin. This can reduce
processing overhead and increase output frame rate.

[0054] The logarithmic values of the reference image 90
can be pre-calculated based on captured near-infrared
images of about 100% diffuse reflectance, and these can be
established during an initial calibration process, which may
be performed at time of manufacture.

[0055] The delta processing 88 is shown in detail in FIG.
5. Images for each near-infrared wavelength band undergo
the same general processing 88, as executed by the processor
46.

[0056] At step 94, a logarithm function is applied to
reflectance intensities or values for the current image frame.
Then, at step 96, stored logarithm values of the previous
frame 98 are subtracted from the calculated logarithm values
of the current frame obtained in step 94. Next, at step 100,
the result of step 96 is subtracted from the logarithmic values
of the reference image 90 to obtain a working difference
(i.e., temporary values). Coeflicients 92 are applied to the
working difference to obtain concentration changes, at step
102. Step 104 includes updating previous values of concen-
trations of oxygenated and deoxygenated hemoglobin with
the concentration changes from step 102 to reflect the
change in the intensity of diffuse reflectance for the wave-
length band. At step 106, the logarithm values for the current
frame are stored as the logarithm values of the previous
frame 98. The process then advarnces to the next frame at
step 108.

[0057] The delta processing 88 can be implemented by
one or more functions, procedures, formulas, algorithms, a
combination of such, or similar. The steps are illustrative and
may be performed in a different order or combined into
larger steps. The logarithm function can be implemented as
a lookup table stored in memory 44.
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[0058] An example for the coefficient matrix 92 is shown
in the below formula. The left-hand side of the equation
represents intensity of light captured by the near-infrared
image sensor 20 for the various wavelengths. AA1-AA4 is
representative of the diffuse reflectance. The right-hand side
has two parts: a constant part and a variable part. The
constant part contains terms representative of the coeflicient
of absorption, €, for the various near-infrared wavelengths of
interest for both oxygenated hemoglobin (HbO,) and deoxy-
genated hemoglobin (Hb). The constant part can be pre-
computed and stored in the coeflicient matrix 92. The
variable part contains concentrations, C, of oxygenated
hemoglobin (HbO,) and deoxygenated hemoglobin (Hb)
that are the sought values, modified by a factor, L, repre-
sentative of the thickness of the layer melanin distribution.

Ady In(10)empo2 (A1) In(10)eps (A1)
Ady In(10)epp02(A2) In(10)e,(A2) |[ Cusoal
Az In(10)eppoa(As) In(10)ep,(As) [ ChpL }
Ady In(10)epp0a(Aq) In(10)ep,(Aq)

[0059] The processor 46 can be configured to perform
melanin correction 77 for the skin over the target tissue 24.
This can be performed using a Beer-Lambert model using
melanin (M), deoxygenated hemoglobin (Hb), and oxygen-
ated hemoglobin (HbO,) as chromophores.

[0060] Measured diffuse reflectance for the each wave-
length of interest, AL1-AAd4, can be modelled according to
the following equation, in which R represents the as-
measured intensity of light at a particular wavelength, R,
represents the reference image intensity for the wavelength,
€,, represents the coeflicient of absorption for melanin, and
C,,1s the concentration of melanin in the target tissue.

Ad=-In(Rs(L)Ro(MN)-€ M CyL

[0061] The effect of melanin reduces the as-measured
intensity of light. Melanin concentration C,,and thickness L
are combined into a single parameter 7,,,_,. Determining the
concentration of melanin is performed using the visible-light
image sensor 22 and a pre-calculated calibration curve for
Z

[0062] Output of the visible-light image sensor 22 can be
stored in a visible-light image buffer 76 of the overall image
buffer 42 (FIG. 1). In this example, the melanin correction
is performed in the CIELAB color space. If the visible-light
image sensor 22 is selected to be a RBG sensor, then the
processor 46 is configured to perform a color space trans-
formation 78 to obtain L*a*b* values from captured RBG
values.

[0063] The processor 46 is configured to obtain a specific
value of the correction parameter 7, using lightness, L*,
and color-opponent dimension, b*, values. The L* and b*
values can relate to a characteristic angle, o, by an empirical
formula, such as:

L*—SO]

-1
=1
o an( >

[0064] The characteristic angle, ¢, is then applied to a
pre-calculated calibration curve, as shown in FIG. 7, to
obtain the specific value of the correction parameter 7, , for

mel
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the skin above the target tissue 24. The calibration curve can
be empirically determined using a reference device and a
variety of different skin tones. The calibration curve can be
stored in memory 44.

[0065] Once the value of the melanin correction parameter
Z.,..; 1s obtained and the intensity, R, of near-infrared light
of the wavelengths of interest have been measured, the
above equations reduce to two equations for tissue oxygen
saturation, S;0,, of the form:

50 L-Chypo,
T2=T"7F ~
L-Cio, + L-Crp
[0066] in which tissue oxygen saturations, S,0,, are

known and two unknowns remain, being the deoxygenated
hemoglobin (Hb) and oxygenated hemoglobin (HbO,) con-
centrations (layer thickness factor, L, canceling). Solving
these two equations and two unknowns forms the oxygen
saturation calculation 82 (FIG. 4).

[0067] The above equations and/or calculations can be
stored in memory 44 (FIG. 1) as a predetermined relation-
ship between visible light intensity and melanin concentra-
tion.

[0068] With reference to FIG. 8, the processor 46 can be
configured to perform motion correction on image frames
captured by the near-infrared image sensor 20.

[0069] Motion correction is performed using the image
registration technique to determine a geometrical transfor-
mation that aligns points in at least one image frame of the
target tissue 24 with corresponding points in another image
frame of the target tissue 24.

[0070] Motion correction can include selection of a refer-
ence frame 110 and calculating image registration coeffi-
cients 112 for at least one subsequent frame 114, 116 of the
captured image frames. Referring back to FIG. 4, captured
image buffers 80 or ambient-corrected image buffers 86 may
be used to store temporally successive image frames for
each wavelength band. That is, each image buffer 80 can be
configured to store two or more temporally contiguous
image frames, or each image buffer 86 can be configured to
store such. In the example discussed herein, three successive
image near-infrared frames are used for motion correction.
Motion correction can equally be performed on successive
visible-light image frames in the same manner.

[0071] Due to motion of the target tissue 24 with respect
to the multispectral medical imaging device 10, the actual
position and rotation of the subsequent frames 114, 116 may
be different from those of the reference frame 110.

[0072] The reference frame 110 may be the first image
frame captured in a particular clinical session of the multi-
spectral medical imaging device 10. That is, the same
reference frame 110 may be used for the entire duration of
a patient’s imaging session (e.g., a few minutes). In such
case, the processor 46 can be configured determine exces-
sive motion correction based on particular threshold values
of the calculated image registration coeflicients and issue a
warning to the clinician. Alternatively or additionally, a new
reference frame 110 may be periodically selected, such as
every few seconds, every M image frames (M=10, 40, or
100, etc.), or similar, to reduce the likelihood that the image
registration coeflicients will demand too much motion cor-
rection or become too inaccurate.
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[0073] Sub-regions 118, 120, 122 of the respective image
frames 110, 114, 116 may be extracted and calculation of
image registration coefficients 112 may be performed on the
sub-regions 118, 120, 122, as opposed to the entire image
frame 110, 114, 116. The sub-regions 118 have dimensions
smaller than a size of the image frames 110, 114, 116 and are
located away from edges of the image frames. In this
example, each sub-region 118, 120, 122 is the central portion
of the respective image frames 110, 114, 116. Any suitable
size may be used for the sub-regions. For instance, if each
image frame 110, 114, 116 is 640 by 480 pixels, then each
sub-regions 118, 120, 122 may be a centrally located region
of 320 by 240 pixels.

[0074] Use of sub-regions 118, 120, 122 may be benefi-
cial, as no significant image background is expected to be
present in the image frames. That is, no objects are expected
to move with respect to a stationary background. Rather, the
entire view itself may move due to movement of the patient
or the device 10. Accordingly, new information may enter
the field of view and existing information may leave the field
of view. The sub-regions 118, 120, 122 convey features that
remain common during movement, and thus permit motion
correction. Moreover, given that the sub-regions are smaller,
the overall image registration process can be made faster.
[0075] Approximate values 124 of the image registration
coeflicients 112 are determined by the processor 46 perform-
ing a correlation analysis 126 on space transformation 128
of the sub-regions 118, 120, 122 of the image frames 110,
114, 116, which provides for displacement approximation
130 for the subsequent frames 114, 116.

[0076] After determination of the approximate values 124
of the image registration coefficients 112, the processor 46
uses the approximate values 124 to apply displacement and
rotation approximations to the sub-regions 120, 122 of the
subsequent image frames 114, 116. This coarsely aligns the
sub-regions 120, 122 with the reference sub-region 118. The
processor 46 then performs feature detection 132 on the
approximately aligned sub-regions 118, 120, 122 of the
image frames 110, 114, 116, so as to fine tune 134 the
approximate displacements and calculate final values 136
for the registration coeflicients 112.

[0077] Discrete determination of approximate values 124
of the image registration coefficients 112 final values 136 for
the registration coeflicients 112 can increase speed of image
registration as well as reduce processing demand, in that
feature detection is performed on images that are coarsely
aligned.

[0078] With regard to near-infrared image frames captured
by the near-infrared image sensor 20, feature detection 132
can include detection of vasculature of the target tissue 24.
Vasculature may exhibit edges and strong features that can
assist calculation of the final values 136 for the image
registration coeflicients 112.

[0079] With regard to image frames captured by the vis-
ible-light image sensor 22, body hair on skin over the target
tissue 24. Body hair, which is often an unwanted feature in
vasculature imaging, can be specifically targeted by the
feature detection 132 as body hair has been found to provide
strong edges. Additionally or alternatively, feature detection
can include detection of an ink mark on a skin surface over
the target tissue 24. Such a mark can be placed by a clinician.
[0080] The processor 46 then performs image mapping
138 to use the final values 136 for the image registration
coeflicients 112 to align the subsequent image frames 114,
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116 with the reference image frame 110 to arrive at one or
motre motion corrected images 140.

[0081] The motion correction process shown in FIG. 8 can
be performed for each wavelength band captured, including
one or more near-infrared wavelength bands and visible
wavelength bands. Accuracy of image registration, and thus
accuracy of motion correction, can be increased when such
is performed on at least one near-infrared band and a visible
band, given that each of these wavelength bands offers
distinct features.

[0082] The image registration techniques discussed above
for motion correction can also be used to automatically align
image frames captured by the two image sensors 20, 22 to
correct for misalignment of the two image sensors 20, 22
with respect to each other. Misalignment can be considered
a motion artifact that is correctable via a process similar or
identical to the above-discussed motion correction process.
To achieve misalignment correction, one or more images of
a standard pattern are captured by the two image sensors 20,
22. The standard pattern images are subsequently used by
the image registration process to derive displacement coef-
ficients. This procedure can be performed once, at manu-
facture, to determine displacement coefficients that can be
stored in memory 44 for the service life of the device 10.
During operation, the processor 46 references the displace-
ment coeflicients to align captured images from the two
image sensors 20, 22 with one another. This can advanta-
geously permit some error in physical alignment of the two
image sensors 20, 22 during manufacture, while providing
for digital alignment between near-infrared and visible-light
images so as to improve the melanin correction and any
other corrections that reference visible-light images.

[0083] As shown in FIG. 9, the processor 46 can also be
configured to perform masking to omit regions of high
curvature from the dynamic tissue oxygen saturation map
50. FIG. 9 shows a sample image of the dynamic tissue
oxygen saturation map 50 of the target tissue. A large central
region 150 contains, in false color, oxygenation/deoxygen-
ating information, as determined using the techniques dis-
cussed herein. Regions of high curvature, with respect to the
plane of the map 50, are masked to replace oxygenation/
deoxygenating information with visualization selected to
enhance clinician understanding. An example of a mask over
a high curvature region is shown at 152.

[0084] Radiant intensity observed from a diffusely reflect-
ing surface, such as the target tissue 24, is directly propor-
tional to the cosine of the angle between the line of sight of
the objective lens 16 (FI1G. 1) and the surface normal. Any
curvature of the target tissue can reduce the intensity of the
light being captured by the image sensors 20, 22. Error in the
oxygen saturation value caused by surface curvature may
mislead the clinician. The mask is selected to be applied to
areas where the error is greater than a threshold amount.

[0085] To generate the mask 152, captured image frames
of each of the near infrared wavelength bands are analyzed
to identify regions where the radiant intensity has fallen by
more than the threshold amount with respect to an adjacent
region. In one example, the threshold amount of change in
intensity can be selected to be 20%. This can be performed
on a pixel-by-pixel basis. The mask is applied to regions
common to all captured near-infrared image frames 72 (FIG.
2) contributing to the same output frame 74 where the
processor 46 determines that intensity has fallen by more
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than the threshold amount. This can indicate the presence of
a threshold amount of curvature for the target tissue in the
region considered.

[0086] The flowchart of FIG. 10, illustrates an example of
the masking process. This is merely an example, and in
implementation other processes, algorithms, or calculations
may be used.

[0087] At step 160, a current region of a current near-
infrared image frame contributing to a current output image
is analyzed. The intensity value of the current region is
compared to that of one or more adjacent regions. Each
region can be a pixel or a group of pixels. If the intensity
value of the current region is not lower than the intensity
value of the adjacent region by at least the threshold amount,
at step 162, then no masking is performed for this region and
the next region in the current image is selected, at step 164.
If the intensity value of the current region is lower than the
intensity value of the adjacent region by at least the thresh-
old amount and the current image frame 72 (FIG. 2) is the
final image frame 72 analysed for a set of image frames
belonging to an output frame 74, as determined by step 166,
then the test of step 162 has been met for all image frames
72 contributing to the current output frame 74 and the region
is masked, at step 168. Otherwise, step 166 determines that
there are other image frames to analyze for the current
output frame, and step 170 select the next of such image
frames. After a region is determined to be masked, at step
168, then the process advances to the next output frame, at
step 172 and a first region is selected for a first image frame
of such output frame, at step 164.

[0088] Alternatively or additionally to masking, if the
curvature of the target tissue 24 is known or can be estimated
or calculated, then one or more curvature correction factors
can be applied to compensate for the effect of curvature.

[0089] As also shown in FIG. 9, the processor 46 can
further configured to use the near-infrared image frames to
identify veins in the target tissue 24 and to omit the veins
from the dynamic tissue oxygen saturation map 50. Mea-
sured reflectance intensities can be modified to compensate
for the effect of oxygenation/deoxygenating at the veins, so
as to effectively hide the veins from view and thus omit
information not relevant to visualization of tissue oxygen-
ation. Analysis of reflectance intensities of near-infrared
image frames to detect veins can include analyzing either
side of the isosbestic point.

[0090] The feature extraction techniques previously
described with respect to motion correction can be imple-
mented to achieve vein compensation. The processor 46 can
be configured to execute feature extraction to detect vein
boundaries and interiors and to enhance vein regions for
visualization. The processor 46 can be configured to modify
the dynamic tissue oxygenation map with one or more
masks determined from detected vein regions. Additionally
or alternatively, the device 10 can be configured to output,
via the display 48, an indication of vein contribution to the
dynamic tissue oxygenation map. Such indication may
include vein outlines, or similar visualization.

[0091] As shown in FIG. 11, the processor 46 can further
be configured to perform a temporal difference operation on
a sequence of frames of the dynamic tissue oxygen satura-
tion map. The temporal difference operation shows oxygen
saturation with respect to a reference frame of the dynamic
tissue oxygen saturation map.
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[0092] A sequence of output frames 74, as measured using
the techniques discussed herein, can be output in real time
or played back from memory. The output frames 74 form
dynamic tissue oxygen saturation map of the target tissue.
One of such output frames 74 can be selected as a reference
frame. A difference operation 182 can be used to subtract the
reference frame 180 from subsequent output frames 74 to
obtain difference frames 184. The difference operation 182
can be a simple difference or a higher-order difference. The
difference frames 184 can be output in real time or played
back from memory as a dynamic tissue oxygen saturation
difference map. When the dynamic tissue oxygen saturation
map is being recorded, different frames 184 can also be
calculated as above for output frames 74 that are earlier than
the reference frame 180.

[0093] The specific reference frame 180 can be selected by
the clinician, so as to observe and record changes in oxygen
saturation relative to the reference without the need for a
contrast agent. Such can facilitate analysis of the limits of
perfusion of a perforator. For instance, the clinician first
clamps/blocks the perforator of interest and waits for speci-
fied duration of time (e.g., 2 minutes) before setting the
current output frame 74 as the reference frame 180. Then,
the clinician releases/opens the clamped/blocked perforator.
The difference map (before release and after release) can be
used to quantify the area of the tissue being supplied by the
perforator and also identify the limits of perfusion of the
perforator. Moreover, by repeating the limits of perfusion
test on each of a set of perforators and using the dynamic
tissue oxygen saturation map to quantify the area supplied
by each perforator, the clinician can identify the dominant
perforator.

[0094] An example of the laser framing array 62 is shown
in FIG. 12. Each of the lasers 66 is positioned to emit its
laser point 190 onto the skin surface over the target tissue.
The laser points are for assisting manual positioning of the
device 10 with respect to the target tissue. The laser sources
66 can be arranged to provide points 190 in any suitable
arrangement, such as the rectangle shown. The region
defined by the points can be considered a region of interest
192 for multispectral imaging of tissue oxygenation. Any
number of two or more laser sources 66 may be used.
[0095] The laser sources 30 may be selected to have any
suitable wavelength. If visible-light lasers are used, the
visible-light image sensor 22 can capture light from the laser
points reflected from the skin surface. The processor 46 can
be further configured to include the laser points 190 in the
dynamic tissue oxygen saturation map by extracting the
points 190 from visible-light image frames and inserting the
points 190 or representations thereof into output image
frames. Visible-light lasers have the advantage of not inter-
fering with near-infrared image processing and will not
significantly affect the oxygenation map. If near-infrared
lasers are used, a suitable near-infrared wavelength can be
selected so that the near-infrared image sensor 20 inherently
captures the points 190 as part of the image capture process.
The laser points 190 are then including in the dynamic tissue
oxygen saturation map without additional processing. How-
ever, it may be desirable to further configure the processor
46 to detect and ignore the laser points 190 when performing
oxygenation calculations.

[0096] It may be clinically useful to be able to compare
images from different points in time for the same anatomical
region of the patient. These images may be taken at different
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points in a single procedure, minutes or hours apart, or may
be taken days or even weeks apart, as part of a procedural
pre-assessment for procedural planning, or post-assessment
to monitor or evaluate progress Images taken during differ-
ent sessions should be matched so that they are comparing
the same anatomical region at the same scale and rotation.
The laser framing array 62 can serve to visually assist the
user of the device 10 in positioning the objective lens 16
normal to the surface being imaged. In the example above,
it would be expected for the points 190 to form a rectangular
shape around the region of interest 192. Any skewing (e.g.,
the points defining a keystone or trapezoidal shape) would
indicate to the clinician that the target tissue or the device 10
may need to be repositioned.

[0097] With reference to FIG. 13, the laser points 190 can
be recorded to a captured image. Hence, recorded laser
points 194 in a previously recorded image 196 can form an
easily identified visual reference between the objective
lens’s view of the target and presently projected laser points
190. Thus, a clinician capturing a new image can manually
align both anatomical features 198 (i.e., veins, hair, navel,
margins) between the previously recorded image 196 and
such features 200 in the new image, as well as the laser
points 190 in the new image as compared to the laser points
194 in the recorded image 196. Manual alignment can
include translating/rotating one or both of the target and the
device.

[0098] As also shown in FIG. 13, the laser sources 66 may
be mounted to the housing 58 of the device 10 in the vicinity
of the objective lens and generally aimed in the same
direction as the principal optical axis of the objective lens.
[0099] If there is apparently accurate alignment between
anatomical features 200, 198 in the recorded and new
images, but there is a difference between the positions of the
laser points 190, 194, then the processor 46 can apply a
spatial transform, such as a bilinear transform, to correct the
spatial difference between the two images. This can be used
to correct for fine differences in normality/skew between the
two images.

[0100] Accurate alignment between stored and new
images may allow for accurate comparison of precise local-
ized changes in tissue oxygenation. This can allow clinicians
to improve care and/or initiate interventions.

[0101] FIG. 14 illustrates another laser framing array 204
suitable for use as the laser framing array 62. Line gener-
ating optics 206 may be provided to emit lines 208 of laser
light onto the skin surface over the target tissue. The lines
208 of laser light include the laser points 190 previously
discussed, and the same general principles apply. The above
description may be referenced. The lasers 66 and optics 206
may be arranged so that the lines form a rectangular box or
other shape that bounds the region of interest 192. One
advantage of laser lines is that operators may find them more
visible, and therefore the device 10 may be more convenient
to use.

[0102] FIG. 15 shows an example of the laser positioning
array 60 configured to assist in positioning the device 10 at
a target distance from the target tissue, the target distance
being, for instance, a suitable focal distance of the objective
lens. An example target distance is about 610 mm.

[0103] A first positioning laser 64 is positioned at a first
offset distance from the optical axis 210 of the objective lens
16 and is aimed at a first angle 212 with respect to the optical
axis 210. The first positioning laser 64 is aimed to emit, as
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shown in FIG. 16A, a first positioning laser spot 214 on a
skin surface 216 over the target tissue. The first positioning
laser 64 is affixed to the housing 58 or other component of
the multispectral medical imaging device 10. Hence, as the
device 10 is moved towards and away from the surface 216,
the first positioning laser spot 214 traverses along a first path
218.

[0104] A second positioning laser 64 is positioned at a
second offset distance from the optical axis 210 of the
objective lens 16 and is aimed at a second angle 220 with
respect to the optical axis 210. The second positioning laser
64 is aimed to emit, as shown in FIG. 16A, a second
positioning laser spot 222 on a skin surface 216. The second
positioning laser 64 is affixed to the housing 58 or other
component of the device 10. Hence, as the device 10 is
moved towards and away from the surface 216, the second
positioning laser spot 222 traverses along a second path 224.
[0105] The first and second angles 212, 220 lay in different
planes that each contains the optical axis 210. The optical
axis 210 can be considered the intersection of these planes.
That is, the first and second positioning lasers 64 are each
laterally offset from the optical axis 210 and are also
angularly offset from each other. If the first positioning laser
64 is at a position of 0 degrees on a circle centered at the
optical axis, the second positioning laser 64 is at a different
angle, such as 90 degrees. In this example, the first and
second positioning lasers 64 are positioned at about 90
degrees apart.

[0106] The first and second offset distances and the first
and second angles 212, 220 are selected to cause the first
positioning laser spot 214 and the second positioning laser
spot 222 to be coincident at the optical axis when the target
tissue is a target distance from the objective lens 16. This is
shown in FIG. 16C.

[0107] The first and second offset distances and the first
and second angles 212, 220 can be selected to position the
first and second positioning laser spots 214, 222 on one side
230 of the optical axis 210 of the objective lens 16 when a
distance from the objective lens to the surface 216 of the
target tissue is greater than the target distance (FIG. 16A).
Conversely, when the distance from the objective lens to the
target tissue is less than the target distance, the first and
second positioning laser spots 214, 222 appear on an oppo-
site side 232 (FIG. 16B).

[0108] As the clinician moves the device 10 relative to the
target tissue, or vice versa, the two positioning spots 214,
222 move along their respective paths 218, 224. The posi-
tioning spots 214, 222 appear as separate spots on one side
232 of the target surface 216 if the device 10 and target
tissue are too close, as shown in FIG. 16B. The positioning
spots 214, 222 appear as separate spots on an opposite side
230 of the target surface 216 if the device 10 and target
tissue are too far, as shown in FIG. 16A. Adjusting the
distance of the device 10 to the target tissue in a direction
that causes the spots to diverge indicates to the clinician that
the adjustment is opposite to what is required. Adjusting the
distance of the device 10 to the target tissue in a direction
that causes the spots 214, 222 to converge indicates to the
clinician that the adjustment is in the correct direction, until
the spots 214, 222 become coincident thereby indicating that
the target distance has been reached, as shown in FIG. 16C.
[0109] The visible-light image sensor 22 and the processor
46 can be configured to capture and monitor the positions of
spots 214, 222 and output, via the display 48 or an compo-
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nent of the user interface 52, such as a speaker, an indication
to the user as to the positions of the spots 214, 222 and/or
the direction in which to move the device 10 to arrive at the
target distance. Such indications can be of the form of raw
distance information, visible or audible warnings (e.g., “Tar-
get too close”, “Target too far”), or similar. In addition, the
processor 46 can be configured to automatically turn off the
lasers 64 when oxygen saturation image capture starts.
[0110] The multispectral medical imaging device 10 is
capable of assisting in determining a venous block and a
venous and arterial block.
[0111] FIG. 17 shows a chart of rates of desaturation of
hemoglobin, as calculated by device 10, for a simulated
venous block and a simulated venous and arterial block. The
x-axis is sample points, representative of time, and the
y-axis is oxygen saturation percentage.
[0112] As can be seen, a venous block exhibits a slower
rate of oxygen desaturation, whereas a venous and arterial
block exhibits a higher rate of desaturation. The venous
block also does not reach as low a level of oxygen saturation
as does the venous and arterial block.
[0113] The device 10 can be configured with a selectable
threshold level 250 to assist in differentiating between a
venous block and a venous and arterial block. Additionally
or alternatively, the device 10 can be configured to calculate
and selectably output a chart of oxygen saturation over time,
similar to shown, for the target tissue 24 as a whole, to
permit a clinician to view such and compare such to a
selectable threshold level 250, if provided. One or more
reference slopes 252 may also be provided to assist the
clinician in assessing desaturation rate.
[0114] The device 10 can be configured to provide for
selection of a block test duration, such as 45 seconds, 1
minute, etc.
[0115] The multispectral medical imaging device 10 is
capable of detecting water content in the target tissue. The
device may thus also be configured to detect a venous block
by detecting increased water retention caused by a venous
block in the region of interest.
[0116] In view of the above, numerous advantages of the
present invention should be apparent to those skilled in the
art. The techniques discussed herein provide for large-area
multispectral imaging, dynamically in real time or near real
time. Video frame rates can be achieved without moving
parts. Compensation is provided for ambient lighting,
patient skin tone, curvature, and the presence of vasculature.
The invention also provides for aiming the device at the
correct focal distance and towards an area of interest, in a
convenient and repeatable manner. In addition, useful
supplemental features, such as temporal difference visual-
ization of oxygen desaturation and venous/arterial block
detection, are provided.
[0117] While the foregoing provides certain non-limiting
example embodiments, it should be understood that combi-
nations, subsets, and variations of the foregoing are con-
templated. The monopoly sought is defined by the claims.
1-40. (canceled)
41. A multispectral medical imaging device comprising:
a plurality of illumination devices arranged to illuminate
a target tissue, the plurality of illumination devices
comprising near-infrared illumination devices config-
ured to emit light of different near-infrared wavelength
bands and a visible-light illumination device config-
ured to emit visible light to illuminate the target tissue;
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an objective lens;

a near-infrared image sensor positioned to capture image
frames of near-infrared light reflected from the target
tissue through the objective lens;

a visible-light image sensor positioned to capture image
frames of visible light reflected from the target tissue
through the objective lens;

a laser positioning array comprising:

a first positioning laser positioned at a first offset
distance from an optical axis of the objective lens
and aimed at a first angle with respect to the optical
axis to emit a first positioning laser mark on a skin
surface over the target tissue; and

a second positioning laser positioned at a second offset
distance from the optical axis of the objective lens
and aimed at a second angle with respect to the
optical axis to emit a second positioning laser mark
on the skin surface;

wherein the first and second offset distances and angles
are selected to cause the first positioning laser mark
and the second positioning laser mark to be coinci-
dent at the optical axis when the target tissue is a
target distance from the objective lens;

a processor connected to the near-infrared image sensor,
the visible-light image sensor, and the plurality of
illumination devices, the processor configured to
modulate near-infrared light output of the plurality of
illumination devices to illuminate the target tissue, the
processor further configured to determine reflectance
intensities from the image frames captured by the
near-infrared image sensor and to generate a dynamic
tissue oxygen saturation map of the target tissue using
the reflectance intensities; and

an output device connected to the processor for displaying
the dynamic tissue oxygen saturation map.

42. The device of claim 41, wherein the first and second
angles lay in different planes that contain the optical axis,
and the first and second offset distances and angles are
configured to position the first and second positioning laser
marks on one side of the optical axis of the objective lens
when a distance from the objective lens to the target tissue
is greater than the target distance and to position the first and
second positioning laser marks on an opposite side of the
optical axis when the distance from the objective lens to the
target tissue is less than the target distance.

43. The device of claim 42, wherein the first and second
positioning lasers are positioned at about 90 degrees apart on
a circle centered at the optical axis of the objective lens.

44. The device of claim 41, wherein the first and second
positioning laser marks comprise visible-light laser marks,
the visible-light image sensor is configured to capture the
first and second positioning laser marks reflected from the
target tissue through the objective lens, and the processor is
configured to output an indication of the position of the first
and second positioning laser marks.

45. The device of claim 44, wherein the indication com-
prises a visual indication displayed at the output device.

46. The device of claim 41, wherein the processor is
configured to turn off the first and second positioning lasers
following the target tissue being positioned a target distance
from the objective lens.

47. An apparatus for assisting with positioning of a
medical imaging device, the apparatus comprising:
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an objective lens positioned to receive light reflected from
a target tissue;

a first positioning laser positioned at a first offset distance
from an optical axis of the objective lens and aimed at
a first angle with respect to the optical axis to emit a
first positioning laser mark on a skin surface over the
target tissue; and

a second positioning laser positioned at a second offset

distance from the optical axis of the objective lens and
aimed at a second angle with respect to the optical axis
to emit a second positioning laser mark on the skin
surface;

wherein the first and second offset distances and angles

are selected to cause the first positioning laser mark and
the second positioning laser mark to be coincident at
the optical axis when the target tissue is a target
distance from the objective lens.

48. The apparatus of claim 47, wherein the first and
second angles lay in different planes that contain the optical
axis, and the first and second offset distances and angles are
configured to position the first and second positioning laser
marks on one side of the optical axis of the objective lens
when a distance from the objective lens to the target tissue
is greater than the target distance and to position the first and
second positioning laser marks on an opposite side of the
optical axis when the distance from the objective lens to the
target tissue is less than the target distance.

49. The apparatus of claim 48, wherein the first and
second positioning lasers are positioned at about 90 degrees
apart on a circle centered at the optical axis of the objective
lens.

50. A method for positioning an imaging device, the
method comprising:

emitting first and second positioning laser marks on a

surface of a target tissue from first and second posi-
tioning lasers offset from an optical axis of an objective
lens of the imaging device by first and second offset
distances and aimed at first and second angles with
respect to the optical axis;

moving the imaging device to cause the first positioning

laser mark to traverse along a first path and the second
positioning laser mark to traverse along a second path;
and

causing the first positioning laser mark and the second

positioning laser mark to be coincident at the optical
axis when the target tissue is a target distance from the
objective lens.

51. The method of claim 50, wherein the first and second
angles lay in different planes that contain the optical axis,
and wherein the moving the imaging device comprises
positioning the first and second positioning laser marks on
one side of the optical axis when a distance from the
objective lens to the target tissue is greater than the target
distance and positioning the first and second positioning
laser marks on an opposite side of the optical axis when the
distance from the objective lens to the target tissue is less
than the target distance.

52. The method of claim 50, further comprising output-
ting an indication of the position of the first and second
positioning laser marks.

53. The method of claim 52, wherein the outputting
comprises outputting an indication of a direction in which to
move the imaging device to arrive at the target distance.
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