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Description
BACKGROUND OF THE INVENTION

[0001] Diffuse optical imaging ("DOI") is an imaging
methodology that can be utilized in mapping the func-
tional activity in the human brain. With unique capabilities
that include functional neuroimaging method, DOl com-
plements and expands upon the other more established
modalities such as Positron Emission Tomography
("PET") and Magnetic Resonance Imaging ("MRI").
While tremendously useful, the scanning environments
of MRI and PET brain instruments generally require a
fixed head placementin an enclosed tube, with significant
scanner noise such as that found with MRI or the use of
radioactive isotopes such as that found with PET.
[0002] In marked contrast to the more expensive scan-
ner based technology (e.g. MRl and PET), DOl employs
a less extensive technology platform and a wearable im-
aging cap. The DOI cap is well suited for several situa-
tions that are not amenable to fixed scanner environ-
ments, including the ability to obtain images of moving
subjects who might otherwise require sedation, unmov-
able subjects, non-communicative subjects, patients in
intensive care, subjects with metal implants, as well as
studies of human development in children that would
benefitfrom enriched ecological environments for a wider
range of behavioral paradigms. The application that has
particularly high potential is the use of DOI for critical
care monitoring of infants and neonates.

[0003] Diffuse Optical Imaging ("DOI") builds images
out of a number of discrete source and detector pair ("op-
tode-pair") near-infrared spectroscopic samplings that
are made non-invasively. When there is a single point
measurement that is utilized without imaging, utilizing
one or just a few optode pairs, the technique is referred
to as near-infrared spectroscopy ("NIRS").

[0004] Previous diffuse optical neuroimaging systems
have utilized sparse imaging arrays such as that dis-
closed in Fig. 1, which are generally indicated by numeral
10. In this scenario, sources are indicated by numeral 12
and detectors are indicated by numeral 14. The lines
shown between the sources and detectors are the avail-
able source-detector measurement pairs, which are con-
figured only as nearest neighbor optode pairs.

[0005] Referring now to Fig. 2, illustrating a sparse op-
tode grid is generally indicated by numeral 20 in which
the sources are indicated by numeral 24 and the recep-
tors are indicated by numeral 26. The recreated simulat-
ed image is generally indicated by numeral 30 where the
simulated reconstructed image for analysis is indicated
by numeral 32.

[0006] The most extensively utilized NIRS brain imag-
ing machine is restricted to first (1st) nearest neighbor
measurements only and topography, e.g., HITACHI®
ETG-100 OT and ETG-400 OT, although high frame
rates can be achieved. The type of system and the use
of the nearest neighbor optode pairs have limited lateral
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resolution and no depth-sectioning capabilities. Simula-
tions indicate that increasing the density of the optode
arrays can improve resolution, localization and cerebral
signal discrimination. However high density optode grids
place stringent requirements upon the dynamic range,
crosstalk, channel count and bandwidth performance
specifications of the instrumentation, and these challeng-
es are unmet by previous systems.

[0007] Fig. 3 illustrates a rudimentary flowchart of a
prior art source detector multiplexing system, which is
generally indicated by numeral 100. Typically an analog
input and output device indicated by 110 is connected to
analog sources 112 which are then multiplexed 114, typ-
ically time encoding of the signal, into different source
optode locations provided through a plurality of connec-
tors 115 to the measurement subject, e.g., human user,
116. After interacting with the measurement subject, e.g.,
human user, 116, the detector multiplexing system 118
decodes the time coding via light conductors 117, e.g.,
fiber optic cables. The light is then received by the de-
tectors 120 and preprocessed in the gain stages 122 and
then stored. The signal is converted to a digital signal
through the analog digital converter 124. All of the illus-
trated stages 110, 112, 114, 118, 120, 122 and 124 take
into account any change in encoding strategy or optode
grid design.

[0008] A typical detector systemisindicated by numer-
al 130 in Fig. 4. Light 131 is received in a series of chan-
nels 132 through a plurality of detectors 133, e.g., silicon
photo diodes ("SiPD") that are connected to a program-
mable gain stage 134. After the first gain stage 134, there
are a plurality of lock-in stages generally indicated by
numeral 140. A lock-in frequency is a type of amplifier
that can extract a signal with a known carrier wave from
a noisy environment. There are represented a first lock-
in frequency amplifier 142 and a second lock-in-frequen-
cy amplifier 144 for extracting at least two separate fre-
quencies. The signals, after passing through program-
mable gain arrays 145, are then sent to sampling and
hold stages 146. These digital signals are then provided
to a processor 148. Therefore, there are significant is-
sues when it comes to multiplexing as well as other sig-
nificant issues involving both dynamic range and cross-
talk. The presentinvention is directed to overcoming one
or more of the problems set forth above.

SUMMARY OF INVENTION

[0009] The present invention achieves high perform-
ance at high speed with a high dynamic range, low cross-
talk with a system of discrete isolated sources. The
source has a dedicated high-bandwidth of at least one
megahertz, e.g., twenty megahertz, (digital input/output
line that can be individually programmed). The source
multiplexing takes place entirely within the digital domain.
Each light source, e.g., light emitting diode, has individ-
ual, isolated power to reduce crosstalk. Light emitting
diodes as well as laser diodes have a threshold voltage
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below which they do not produce any light. When utilized
in conjunction with individual digital control lines, the
threshold voltage will squelch crosstalk. The small signal
will not produce a light emitting diode output. Therefore,
as a result of the above listed features, there is no meas-
urable optical (light) crosstalk or cross source channels.
Also, although the source control is digital, the high band-
width at the control lines allows for variable intensity con-
trol of the sources through a high rate, variable duty puls-
ing. Also, the present invention allows for use of multi-
furcated, e.g., bi-furcated, optical fibers with two (2) or
more colors of light multiplexed through a single source
location.

[0010] The present invention achieves high perform-
ance at high speed with a high dynamic range and low
crosstalk with a system of discrete, isolated avalanche
photodiodes ("APDs"). Each detector channel has a ded-
icated APD so no gain switching is necessary. There are
preferably isolated power sources for each isolated av-
alanche photo diode (APD) for signal isolation and to
reduce crosstalk. Utilizing high-end commercial analog-
to-digital converters, e.g., 24 bit analog-to-digital convert-
ers, digitize the signal output. A channel dedicated line
eliminates gain switching. The units have very little noise
and inter-channel crosstalk and all the data can be stored
directly to a hard disk in real time with a sampling rate,
e.g., 96 KHz. The separation of signals, otherwise known
as decoding frequency encoding, is preferably carried
out with software which allows maximum flexibility to de-
termine the number of encoding frequencies.

[0011] These are merely some of the innumerable as-
pects of the present invention and should not be deemed
an all-inclusive listing of the innumerable aspects asso-
ciated with the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Forabetter understanding of the presentinven-
tion, reference may be made to accompanying drawings,
in which:

Fig. 1 is a representation of diffuse optical imaging
utilizing sparse optode pairs;

Fig. 2is arepresentation ofimage quality, withimage
reconstruction, for diffuse optical imaging utilizing
sparse optode pairs;

Fig. 3 is a flowchart of source and detector multiplex-
ing and gain stages;

Fig. 4 is a flowchart of detection system with a series
of programmable gain stages;

Fig. 5 is a representation of diffuse optical imaging
utilizing high density optode pairs;

Fig. 6 is arepresentation ofimage quality, withimage
reconstruction, for diffuse optical imaging utilizing
dense optode pairs;

Fig. 7 is a graphical representation of time encoding
of four sources coupled with four detectors;

Fig. 8 is a graphical representation of frequency en-
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coding of four sources coupled with four detectors
with only one signal capable of being shown;

Fig. 9 is a graphical representation of a range of op-
tical power that can be measured on a single channel
with no gain switching;

Fig. 10 is a perspective view of the main structure of
the diffuse optical tomography system of the present
invention;

Fig. 11 is a perspective view of human user and
sources and detectors of the diffuse optical tomog-
raphy system of the present invention;

Fig. 12 is a flowchart of the diffuse optical tomogra-
phy system of the present invention;

Fig. 13 is a flowchart of the detection system of the
diffuse optical tomography system of the present in-
vention;

Fig. 14 is an illustrative, but nonlimiting, electrical
schematic of control circuitry associated with the light
emitting diodes of the diffuse optical tomography
system of the present invention;

Fig. 15 is an illustrative, but nonlimiting, electrical
schematic of signal breakout circuitry associated
with the light emitting diodes of the diffuse optical
tomography of the present invention;

Fig. 16 is a graphical representation of improved ac-
tivation to background ratios with covariance analy-
sis to remove background physiological signals from
the raw signal to provide signals where the activation
response is clearly identified; and

Fig. 17 is a graphical representation of improved ac-
tivation to background ratios with covariance analy-
sis with an originally observed standard deviation
pair signal with a visual stimulus, the activation signal
in reconstructed standard deviation pair from a pre-
determined number, e.g., 10, of the independent
component analysis components, and noise in the
signal by mapping only a predetermined number,
e.g., two, of the noise components back into stand-
ard deviation pair representation.

DETAILED DESCRIPTION OF THE INVENTION

[0013] In the following detailed description, numerous
specific details are setforth in order to provide a thorough
understanding of the invention. However, it will be un-
derstood by those skilled in the art that the present in-
vention may be practiced without these specific details.
In otherinstances, well known methods, procedures, and
components have not been described in detail so as not
to obscure the present invention.

[0014] Animprovement over diffuse optical imaging is
a dense grid imaging array as shown in Fig. 5 and is
generally indicated by numeral 15. In this situation, meas-
urements are taken over multiple source detector dis-
tances with the sources identified by numeral 12 and de-
tectors indicated by numeral 14. This high density array
significantly improves lateral resolution and allows for
volumetric localization of the functional signals. This is



5 EP 2 120 684 B1 6

also known as depth profiling. These high density diffuse
optical arrays involve many more source detector meas-
urements with overlapping samplings that also permit dif-
fuse optical tomography (DOT) reconstructions. Howev-
er, high density diffuse optical tomography is very chal-
lenging due to the very high dynamic range and low
crosstalk needed to simultaneously measure multiple
signals at multiple distances with a significant number of
measurements. Dynamic range is defined as the ratio of
the maximum light power divided by the minimum detect-
able light power (or noise equivalent light level power).
Furthermore, neuroimaging involves imaging a variety of
time variant physiology, including heart pulse (one (1)
Hertz), breathing (0.1 to 1 Hertz), and neuronally activat-
ed hemodynamic (0.001-0.3 Hertz) and fast scattering
(ten (10) Hertz to One Thousand (1K) Hertz) responses.
Therefore, high speed frame rates of greater than one
(1) Hertz are critical and significant advantages are
gained as frame rates progress in speed up to One Thou-
sand (1K) Hertz. The dynamic range and crosstalk re-
quirements must be maintained at the operating frame
rate.

[0015] Low speed and significant crosstalk can render
high density diffuse optical tomography useless. "Cross-
talk" is defined as the leakage (or "bleeding") of signal
from one channel into another. In this system we have
source channels, detector channels and source-detector
pair channels. The most stringent test of crosstalk is be-
tween source-detector pair channels. Crosstalk between
source channels or between detector channels creates
crosstalk between source-detector channels.

[0016] While a number of improvements have been
recently proposed there are still significant unmet chal-
lenges involving both dynamic range and crosstalk. For
example, as shown in Fig. 5, the high density optode grid
indicated by numeral 15 presents significant challenges
over the low density optode grid indicated by numeral 10
in Fig. 1. Therefore, in Fig. 1 with the sparse grid 10, the
detectors need only the dynamic range to accommodate
the range of intensities in the nearest neighbor signals,
where dynamic range is the signal to dark noise level. In
the high density grid 15 of Fig. 5, the dynamic range must
be large enough to measure the high signals from the
nearest neighbor pairs and the very small signal varia-
tions from the third (3'd) nearest neighbor pairs. The prob-
lem of crosstalk occurs when the signal from one optode
pair measurement registers on another measurement
channel. With a broader range of signal levels being
measured, sensitivity to crosstalk is enhanced in the
dense grids 15 of Fig. 5. Crosstalk can occur at the source
level when the output signal from one source is also in-
cluded in the output provided by other sources. At the
detector level, a signal from one detector may bleed over
to other detector channels and a similar situation can
occur in the analog-to-digital circuitry. The presence of
crosstalk is a significant problem that corrupts the signal
quality in important lower level channels and must be
minimized to facilitate tomography.
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[0017] Fig. 6 illustrates a preferred dense grid gener-
ally indicated by numeral 40, with the dense optode grid
which includes sources indicated by numeral 24 and de-
tectors indicated by numeral 26. The simulated image is
generally indicated by numeral 50 with the stimulated
image reconstruction indicated by numeral 52. There are
a number of approaches to try to increase the speed of
the system as well as decrease crosstalk. This typically
involves some type of encoding strategy.

[0018] Different encoding strategies include time en-
coding, frequency encoding and spatial encoding. Time
encoding decreases signal crosstalk by switching only
particular sources at a particular time step. Frequency
encoding involves assigning specific modulation fre-
quencies to different signals, which allows multiple sourc-
es to be on simultaneously and increases the measure-
ment rate of the system. Frequency specific detection
schemes which separate out the required signals have
theirinter-channel separation limited by the level of back-
ground shot noise. Spatial encoding also increases the
measurement rate by allowing optode pairs in different
regions of the pad to be on simultaneously. Spatial sep-
aration provides another approach to reducing crosstalk,
but is only useful for distant optodes and does not provide
much assistance in reducing crosstalk for optodes that
are close together. The combination of all three encoding
strategies have significant drawbacks since a high level
of system flexibility is required even though optimization
of image quality for a variety of head sizes and imaging
tasks is achieved.

[0019] The alternative means for depth sectioning in-
cludes the previously mentioned high density continuous
wave ("CW") optode grid measurements. The greater
source detector separations allow sampling deeper into
the tissue; therefore, simultaneous measurements at
multiple separation distances can provide the necessary
information to separate depth dependent signals. There
have been several proposed multi distance measure-
ment systems that have been proposed for brainimaging.
Examples include the DYNOT™ system by NIRX™
which has 32 sources and 32 detectors and the ISS Im-
agent system with eight (8) detectors and two (2) contin-
uous wave ("CW") systems developed by Massachusetts
General Hospital known as "CW4" which has nine (9)
sources and sixteen (16) detectors and "CW5" which has
16 sources and 32 detectors.

[0020] Alimitation commonto these systemsisthe use
of time-shared, multiplexed analog-to-digital converters
(ADCs). Generally, multiplexed analog-to-digital con-
verter acquisition cards have inter-channel crosstalk val-
ues of greater than -75 dB. In particularly, sixteen (16)
bit analog-to-digital converters have been used which
have an inherent dynamic range of less than 105 in many
systems, analog gain adjustments are made to match
the signal range (dark noise to maximum signal) for a
given measurement to the range of analog-to-digital con-
verter electronics. These dynamic gain adjustments be-
tween neighboring channels can increase the effective
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crosstalk between detector channels and the effective
dynamicrange ofthe instrument. However, these dynam-
ic gain adjustments at high speeds become very complex
and are prone to new sources of channel crosstalk. The
time shared adjustable detector circuitry limits the
number of measurements that can be taken simultane-
ously and affects the overall speed of the system.
[0021] Another significant weakness of the previously
described high channel count DOT systems is the use
of source encoding and decoding strategies that are de-
termined and implemented by hardware. Examples in-
clude fully timed multiplexed light sources in which a sin-
gle light source is shared between multiple source loca-
tions or fully frequency encoded systems or a fixed mix-
ture of frequency and time encoding. These hardware
approaches dramatically decrease the flexibility with re-
gard to encoding strategy resulting in increased cross-
talk, decreased signal noise ratios, slower imaging times
and degraded image quality.

[0022] Our system utilizes a flexible fully reconfigura-
ble mixture of time and frequency encoding that is deter-
mined in software and/or firmware. An example of the
various approaches possible with the new system include
time encoding the signals with the four sources coupled
with four different detectors, which is generally indicated
by numeral 60 in Fig. 7. The sources are turned on in
sequence with each signal visible on only a single detec-
tor for modulation frequencies present in each signal
trace indicated by numerals 62, 64, 66 and 68. Referring
now to Fig. 8, the frequency decoding of the first signal
found in Fig. 7 with all four detectors is displayed. Mod-
ulation frequencies are picked up strongly on one detec-
torbutare notvisible on the other three, whichis generally
indicated by numeral 70. The 120 dB range corresponds
to a crosstalk rejection of less than 10-6. Fig. 9, which is
generally indicated by numeral 72, displays a range of
optical power that can be measured on a single detector
channel with no gain switching and is typically greater
than 107 (bandwidth 1 Hz).

[0023] The present invention is a high density diffuse
optical tomography system that is instantaneous with a
high dynamic range. High performance is defined as in-
cluding a high dynamic range of at least 105, preferably
atleast 108, and optimally at least 107, crosstalk as being
at least less than 10-5, preferably less than 3 x 106 and
optimally less than 10-6, and a frame rate as being greater
than one (1) Hertz, preferably greater than three (3)
Hertz, and optimally greater than ten (10) Hertz. The sys-
tem utilizes isolated and discrete source detector channel
circuitry and the signals only become multiplexed in the
digital domain. The hardware for the present invention is
indicated by numeral 200 in Fig. 10, with the electrical
connectors going to the sources and from the receptors
generally indicated by numeral 212. The hardware 200
preferably includes a processor, which can be a digital
signal processor, a personal computer, or a controller,
however, any of a wide variety of electronic computers
or electronic controllers will suffice.
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[0024] In Fig. 11, there is a user 216 with the various
electrical connectors to both the sources and detectors
indicated again by numeral 212. The sources and detec-
tors are indicated generally by numeral 214. The system
avoids the limitations of dynamic gain switching and in-
stead utilizes high instantaneous dynamicranges greater
than 107 and crosstalk rejection less than 10-6.

[0025] The presentinvention utilizes very flexible soft-
ware and/or firmware (which is computer software em-
bedded in hardware) configurable in coding and decod-
ing strategies with both discrete source and detector
channel circuitry for both flexibility and improved channel
separation. The present invention records first (1st), sec-
ond (2nd) and third (3'9) fourth (4t) and fifth (5t) nearest
neighbor optode pair data instantaneously without gain
switching. If the encoding of the sources is changed, no
change will be necessary on the detector side since all
detectors are recording with the same sensitivity at all
times. The gain of flexibility and speed is a direct result
of the fact that full dynamic range and crosstalk rejection
is maintained at the full encoding rate.

[0026] Referring now to Fig. 12, the system of the
present invention is generally indicated by numeral 220.
This system 220 includes digital input and output and
provides power to the sources 224. The sources 224 pref-
erably, but not necessarily, include light emitting diodes
("LEDs"). Optimally, but not necessarily, these LEDs 224
are shaved down and polished so that the face of each
LED 224 is within a range from about 0.1 to about 2 mil-
limeters of the light producing element and more prefer-
ably in a range from about 0.2 to about 0.5 millimeters
of the light producing element and most preferably in a
range from about 0.1 to about 0.3 millimeters of light pro-
ducing element.

[0027] These sources 224 utilize fiber optics to transfer
the light to the head through a molded optode grid design.
Preferably the body of the molded optode grid design is
a customized thermoplastic sheet that fits on the back of
the head and is held with VELCRO® straps across the
forehead. The user is indicated by numeral 226.

[0028] The source light is received by the main photo-
diode detectors 228, e.g., avalanche photo diode detec-
tors ("APDs"). Avalanche diodes 228 provide a dynamic
range greater than 107. These signals are then received
by an analog digital converter 228. An illustrative, but
nonlimiting, example would include a 24 bit, 96 KHz an-
alog-to-digital converter ("ADC"). The analog-to-digital
converter is indicated by numeral 229 with the output
digital signal indicated by numeral 230. The output digital
signals are then electrically connected to a processor
231. The processor 231 can be a digital signal processor,
a personal computer, or a controller, however, any of a
wide variety of electronic computers or electronic con-
trollers will suffice.

[0029] The detector system associated with the
present invention is generally indicated by numeral 240
in Fig. 13. The received source light is indicated by nu-
meral 242, which is received by channel dedicated re-
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ceivers, e.g., avalanche photo diode ("APD"), indicated
by numeral 244 and then received by an analog-to-digital
converter ("ADC") indicated by numeral 246 which pro-
vides digital signals to a processor 248, e.g., computer.
An illustrative, but nonlimiting, example of an ADC in-
cludes a 24 bit 96 KHz ADC, as shown in Fig. 13, which
is generally indicated by numeral 246.

[0030] As shown in Fig. 14, an illustrative, but nonlim-
iting, example of the light emitting driver circuit is gener-
ally indicated by numeral 250 and includes an octal latch,
e.g., 74AC573, generally indicated by numeral 252 which
is connected to a series of voltage regulators 254, e.g.,
LM317. Each voltage regulator 254 is connected to a
light emitting diode 256. This illustrative schematic of the
custom circuitry is for eight (8) light emitting diode sourc-
es controlled from each circuit board.

[0031] Anillustrative, but nonlimiting, example of a sig-
nal breakout circuit for the source is generally indicated
by numeral 260 in Fig. 15. The schematic divides the
digital input/output lines and sends the signals to the ap-
propriate source, e.g., light emitting diode.

[0032] Therefore, the present invention achieves high
performance at high speed with a high dynamic range,
low crosstalk with a system of discrete isolated power
supplies. Each light source has a dedicated high-band-
width control line, e.g., 20 megahertz (digital input/output
line that can be individually programmed). The source
multiplexing takes place entirely within the digital domain.
Each light source, e.g., light emitting diode, has individ-
ual, isolated power supply to reduce crosstalk. Light emit-
ting diodes as well as laser diodes have a threshold volt-
age below which they do not produce any light. When
utilized in conjunction with individual digital control lines,
the threshold voltage will squelch crosstalk. The small
signal will not produce a light emitting diode output.
Therefore, as a result of the above listed features, there
is no measurable optical (light) crosstalk between source
channels. Also, although the source control is digital, the
high bandwidth at the control lines allows for variable
intensity control of the sources through a high rate, var-
iable duty pulsing. Also, the present invention allows for
use of quad furcated optical fibers with two or more colors
of light multiplexed through a single source location.
[0033] The present invention achieves high perform-
ance at high speed with a high dynamic range and low
crosstalk with a system of discrete, isolated avalanche
photodiodes ("APDs"). Each detector channel has a ded-
icated APD so no gain switching is necessary. There are
preferably isolated power sources foreach APD for signal
isolation and to reduce crosstalk. High-end commercial
analog-to-digital converters ("ADCs"), e.g., 24 bit ADC,
are utilized to digitize the signal output. A channel dedi-
cated line eliminates gain switching. The units have very
little noise and inter-channel crosstalk and all the data
can be stored directly to a hard disk in real time with a
sampling rate, e.g., 96 KHz. The separation of signals,
otherwise known as decoding frequency encoding, is
preferably carried out with software which allows maxi-
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mum flexibility to determine the number of encoding fre-
quencies.

[0034] These instrumentation advances facilitate the
use of a number of algorithms. First the instrument sup-
ports DOT synthesis of the data into three dimensional
images. These images can be created using any of the
reported DOT approaches available in the literature. This
includes, butis notlimited to, J. Culver, A. Siegel, J. Stott,
and D. Boas, Volumetric Diffuse Optical Tomography Of
Brain Activity, November 1,2003, Vol. 28, No. 21, Pages
2061-2063, OPTICS LETTERS and J. Culver, T. Dur-
duran, D. Furuya, C. Cheung, J. Greenberg, and A. G.
Yodh, Diffuse Optical Tomography of Cerebral Blood
Flow, Oxygenation, and Metabolism in Rat During Focal
Ischemia, Journal of Cerebral Blood Flow & Metabolism,
23:911-924, The International Society for Cerebral Blood
Flow and Metabolism, Published by Lippincott Williams
& Wilkins, Inc., Baltimore.

[0035] A nonlimiting but illustrative example includes
reconstructing human brain activation using the following
algorithms. A wide variety of models may be utilized. This
includes, but is not limited to, a homogeneous model, a
layered model, a sphere model, a hemisphere model, a
cylindrically- shaped model, or an anatomically derived
model. As an illustrative, nonlimiting example, a two-lay-
er, hemispheric head model (radius is equal to 80 millim-
eters) was used for finite-element, forward light modeling,
e.g., Near Infrared Frequency domain Absorption and
Scatter Tomography ("NIRFAST"), to obtain a sensitivity
matrix for the optode array. Anillustrative, but nonlimiting,
example of NIRFAST is disclosed in Dehghani H, Pogue
BW, Poplack SP, Paulsen KD, Multiwavelength. Three-
Dimensional Near-Infrared Tomography of the Breast:
Initial Simulation, Phantom, and Clinical Results, Applied
Optics 2003; 42:135-145. The model for a human head
has a 15 millimeter scalp/skull layer surrounding the brain
with a radius equal to 65 millimeters. The optical proper-
ties of absorption coefficient u, and the reduced scatter-
ing coefficient ¢ for the two layers can be obtained from
technical literature. For example, for the outer scalp/skull
layer: p.,=0.15 cm-1, j,'=8.4 cm-" at 750 nanometers and
n,=0.17 cm!, n=7.4 cm-! at 850 nanometers. In a sim-
ilar manner for the brain: u,=0.19 cm™!, u=12 cm™! at
750 nanometers and p,=0.19 cm™!, =11 cm! at 850
nanometers.

[0036] The original tetrahedral finite-element forward
model was transformed into a voxel space (2 mm voxels)
through a weighted spatial average to create the sensi-
tivity matrix for the instrument. The linear Rytov approx-
imation is expressed as y=Ax, using a discrete node rep-
resentation for images of absorption perturbations, x,
wherey is a vector of differential light measurements and
A is the sensitivity matrix constructed with an adjoint for-
mulation.

[0037] The finite-element forward model was directly
inverted forimage reconstruction following previously es-
tablished procedure known in the technical literature. The
inverse problem will minimize the objective function:
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2 .
i {C™ (Y — AN} +at | Ix2] A ciagonal cov-

ariance matrix C is utilized that incorporates a shot noise
model of measurementnoise. The penalty term forimage

varianceis @ || L x ||2 incorporated spatially variant

regularization where the diagonal of L = (diag(ATA)+p)".

Asolution,i.e., X = A; 2 Y meos » was obtained using

a Moore-Penrose generalized inverse  with,

4, =L'AT(ATA+al)y,,,, whereA-=
AL-1. The optimal values of . = 0.0005 and p = 0.1 were
found to provide even imaging across the field of view
as judged by an evaluating point, line and half-space ob-
jects using a resolution matrix analysis and contrast to
noise assessments.

[0038] Hemoglobin concentrations ("C") were ob-
tained from the absorption coefficients using spectral de-
composition, i.e., AC = E -TAn, where AC = {A[Hbg],
A[HbO,]} is a vector of concentrations, E is a matrix con-
taining the extinction coefficients of Hbg and HbO, at the
two wavelengths, and Ap,={Ap, 720 "M Ap, 850 1M} is g
vector containing the differential absorption coefficients.
[0039] Another aspect of the present invention is that
the dense grid allows noise reduction methods to be uti-
lized. One class of noise reduction algorithms removes
noise from the data prior to reconstruction of the images.
Physiological fluctuations in the scalp and skull are a con-
found in all non-invasive optical imaging. However, by
taking advantage of the dense grid and high-dynamic
range of the present invention, a method that makes use
of the scalp bias of the first (1st) nearest neighbor meas-
urements to remove the background and superficial sig-
nals is available. In the unfiltered time-course of a single
second (2"9) nearest neighbor standard deviation ("SD")
pair for all fifteen blocks, the visual response signal is
obscured which is indicated on the graph that is generally
indicated by numeral 300 and shown in Fig. 16 as indi-
cated by numeral 302. The background physiological sig-
nals are removed from the raw signal trace 302 to provide
signals in which activation responses can be clearly iden-
tified 304 as a method to improve activation to back-
ground ratios.

[0040] A computationally efficient linear regression ap-
proach can be used to reduce background signals. Non-
limiting examples of a computationally efficient linear re-
gression approach can include fMRI data and simulated
NIRS data. An illustrative, but nonlimiting, example of
utilizing fMRI data is disclosed in Fox MD, Snyder AZ,
Vincent JL, Corbetta M, Van Essen DC, Raichle ME, The
Human Brain is Intrinsically Organized into Dynamic, An-
ticorrelated Functional Networks, Proceedings of the Na-
tional Academy of Sciences of the United States of Amer-
ica 2005; 102:9673-9678. An illustrative, but nonlimiting,
example of utilizing simulated NIRS data is disclosed in
Saager RB, Berger AJ, Direct Characterization and Re-
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moval of Interfering Absorption Trends in Two-Layer Tur-
bid Media, Journal of the Optical Society of America a-
Optics Image Science and Vision 2005; 22:1874-1882.
[0041] Starting with the log-ratio optode pair measure-

ments (y,f ), the mean of the first (15t) nearest neighbor

measurements (}’;) is removed from the all y;

through linear regression using

!
— o (ym3y1> ! X .
Yi =Yi—7 "\ Yi Theresulting time traces y;
(Yns Yon)

are then used for reconstruction.

[0042] The application of a covariance analysis re-
moves a common-mode signal, and the individual visual
responses can be seen in each of the fifteen blocks 304
as shownin Fig. 16. The activation contrast-to-noise ratio
("CNR") is increased by a factor of five. The high CNR
allows the creation of tomographic image reconstructions
of individual stimulus blocks (not shown). In contrast to
blind source separation procedures that treat all meas-
urement channels equivalently, this procedure incorpo-
rates knowledge of where a signal is present, e.g., brain
and second (2n9) nearest neighbor pairs, and where a
signal is absent, e.g., scalp and first (1st) nearest neigh-
bor pairs. This approach has not been previously used
with imaging systems and requires a dense grid system
to provide the combination of first (15t) nearest neighbor
and second (2"9) nearest neighbor measurements.
[0043] Alternatively, high definition data ("HD-Data")
also supports use of blind methods of signal extractions.
For example, independent component analysis can be
used to separate out activation signals from noise. lllus-
trative, but nonlimiting examples, are described in Hy-
varinen A., Fast and Robust Fixed Point Algorithms for
Independent Component Analysis, |IEEE Transactions
on Neural Networks, 1999; 10:626-634 and Hyvarinen
A, Oja E, Independent Component Analysis: Algorithms
And Applications, Neural Networks 2000; 13:411-430.
[0044] Independent component analysis ("ICA") is a
computational method for separating a multivariate sig-
nal into additive subcomponents supposing the mutual
statistical independence of the non-Gaussian source sig-
nals. It is a special case of blind source separation de-
fined by x = As where each mixture signal (row of x) is
a weighted, linear sum of the source signals (rows of s)
and the contribution of each source signal to each mixture
signal is unknown. Given a set of M observed mixture
signals where each signal consists of N time points, ICA
estimates K (K< M) statistically independent source com-
ponents and estimates the mixing matrix A using contrast
functions such as "tanh" or "skew" to rank statistical in-
dependence. This approach has been applied to many
biological signals including EEG and fMRI data. Signals
of interest can be extracted as well as noise signals. An
illustrative, but nonlimiting, example of applying this ap-
proach to EEG data signals is disclosed in: Onton J,
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Westerfield M, Townsend J, Makeig S, Imaging Human
EEG Dynamics Using Independent Component Analy-
sis, Neuroscience and Biobehavioral Reviews 2006;
30:808-822. An illustrative, but nonlimiting, example of
applying this approach to fMRI data signals is disclosed
in Mantini D, Perrucci MG, Cugini S, Ferretti A, Romani
GL, Del Gratta C., Complete Artifact Removal For EEG
Recorded During Continuous Fmri Using Independent
Component Analysis, Neuroimage 2007; 34:598-607.
[0045] As a nonlimiting, but illustrative example, we
have applied ICA to functional activation data for map-
ping the visual response to a stationary flickering checker
board quadrant. Starting with a set of 212 standard de-
viation ("SD") pair time courses (first (15t) and second
(2nd) nearest neighbors, 100 seconds), we obtained
K=12 components. Of the twelve independent compo-
nents, two appeared (by visual inspection) to be "noise"
due to heart and respiration signals. The ten that were
non-noise components were used to reconstruct the set
of 212 signals free of the heart component.

[0046] Referring now to Fig. 17, displays plots for an
individual SD-pair as generally indicated by numeral 306.
This includes the original observed signal 308 with a vis-
ual stimulus occurring between times 140-to-150 sec-
onds, the cleaned activation signal in reconstructed SD-
pair data from ten ICA non-noise (components) signals
310 and the noise in the signal generated from the two
noise components 312 by mapping only the two noise
components back into standard deviation ("SD") pair rep-
resentation. The analysis clearly separates the heart sig-
nal or "noise" from the activation signal. This approach
has great potential for removing other less predictable
spurious noise sources such as movement artifacts and
systemic blood pressure oscillations.

[0047] Alternative configurations of the source mod-
ules include use of any other solid state light emitters,
including but not limited to laser diodes, super lumines-
cent emitting diodes, and solid state lasers, and other
laser sources. Modulation can be accomplished either
by modulating light generation, or by modulating light
transmission after generation. Alternate detectors in-
clude photodiodes, and photomultiplier tubes.

[0048] Alternate modes of detection include fluores-
cence and the use of fluorescing agents. For instance,
using the preferred device described above, filters could
be placed in front of each detector to reject the excitation
light and permit detection of fluorescence emission light.
Using a bolus injection of a fluorescent agent, (e.g. indo-
cyanine green dye, which is FDA approved or newly de-
veloped targeted agents) one could monitor the dynamic
distribution of the fluorescing agent in the brain.

[0049] Thus, there has been shown and described sev-
eral embodiments of a novel invention. As is evident from
the foregoing description, certain aspects of the present
invention are not limited by the particular details of the
examples illustrated herein, and it is therefore contem-
plated that other modifications and applications, or equiv-
alents thereof, will occur to those skilled in the art. The
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terms "have," "having," "includes" and "including" and
similar terms as used in the foregoing specification are
used in the sense of "optional" or "may include" and not
as "required." Many changes, modifications, variations
and other uses and applications of the present construc-
tion will, however, become apparent to those skilled in
the art after considering the specification and the accom-
panying drawings. All such changes, modifications, var-
iations and other uses and applications which do not de-
part from the spiritand scope of the invention are deemed
to be covered by the invention which is limited only by
the claims that follow.

Claims

1. An imaging system for diffuse optical tomography
comprising:

a plurality of light sources, each light source be-
ing connected to a separate, isolated digitally
controlled power source and being isolated from
each other light source;

a plurality of light conduits connected to the plu-
rality of light sources;

an optode grid attachable to a portion of ahuman
subject, wherein the optode grid is connected to
the plurality of light conduits;

a plurality of detector channels connected to the
optode grid for receiving light from the plurality
of light sources after interacting with the human
subject;

lightdetectors, each light detector being coupled
to only one of the detector channels for instan-
taneously detecting light received by its coupled
channel, each light detector having a separate,
isolated power source; and

a plurality of analog to digital converters (ADCs),
each ADC connected to only one light detector
and converting signals from its connected light
detector into a separate digital signal for use in
imaging.

2. The imaging system for diffuse optical tomography
of Claim 1, wherein the system operates with signals
having a high dynamic range of at least 10 E+5, and
a frame rate greater than one (1) Hertz.

3. The imaging system for diffuse optical tomography
of Claim 1, wherein the system operates with signals
having a high dynamic range of at least 10 E+7, and
a frame rate greater than ten (10) Hertz.

4. The imaging system for diffuse optical tomography
of any one Claims 1 to 3, wherein the plurality of light

sources are multiplexed.

5. The imaging system for diffuse optical tomography
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of claim 1, wherein each digitally controlled power
source modulates at a high bandwidth of atleast one
megahertz and is utilized in conjunction with a
threshold voltage for each of the plurality of light
sources operates to minimize crosstalk.

The imaging system for diffuse optical tomography
of any one of Claims 1 to 5, wherein the plurality of
light sources is selected from the group consisting
of light emitting diodes, laser diodes, super lumines-
cent emitting diodes, solid state lasers, or other laser
sources, the plurality of discrete, isolated, light de-
tectors is selected from the group consisting of av-
alanche photo diodes, photodiodes or photomultipli-
er tubes, and the plurality of light conduits includes
a plurality of fiber optic cables, and wherein at least
one of the plurality of fiber optic cables is multi-fur-
cated to receive multiplex light from a single source.

The imaging system for diffuse optical tomography
of any one of Claims 1 to 6, further comprising a
processor that generates a model selected from the
group consisting ofahomogeneous model, alayered
model, a sphere model, a hemisphere model, a cy-
lindrically-shaped model, or an anatomically derived
model with finite element analysis from the plurality
of digital signals, and wherein the finite element anal-
ysis includes finite element, forward light modeling.

The imaging system for diffuse optical tomography
of any one of Claims 1 to 7, further comprising a
processor that utilizes at least one noise reduction
algorithm on the plurality of digital signals, wherein
the at least one noise reduction algorithm includes
one of a linear regression covariance analysis with
an increase in contrast-to-noise ratio and independ-
ent component analysis.

The imaging system for diffuse optical tomography
of claim 1 wherein the plurality of light sources are
light emitting diodes and the light detectors are av-
alanche photo diodes.

A method for utilizing an imaging system for diffuse
optical tomography comprising:

attaching an optode grid to a portion of a human
subject, wherein the optode grid design is con-
nected to the plurality of light conduits that are
connected to a plurality of light sources, wherein
each light source is electrically connected to a
separate, isolated digital input power source,
and wherein each light source has a separate
digital control input for individual programming;
utilizing a plurality of light detectors that are con-
nected to the optode grid via a plurality of de-
tector channels for instantaneously detecting
light received at the detector channels, said re-
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1.

12.

13.

14.

15.

ceived light provided by the plurality of light
sources after interacting with the human subject,
wherein each light detector is coupled to only
one of the detector channels, and wherein each
light detector has a separate, isolated power
source; and

converting a plurality of individual signals from
the plurality of light detectors into a plurality of
digital signals for imaging with a plurality of an-
alog to digital converters (ADCs), wherein each
ADC connects to only one light detector, and
wherein each ADC converts signals only from
its connected light detector.

The method for utilizing an imaging system for dif-
fuse optical tomography according to claim 20, fur-
ther includes providing signals at a high speed in a
high dynamic range to each digital input power
source.

The method for utilizing an imaging system for dif-
fuse optical tomography according to either of
Claims 10 and 11, wherein the plurality of light sourc-
es is selected from the group consisting of light emit-
ting diodes, laser diodes, super luminescent emitting
diodes, solid state lasers, or other laser sources, and
the plurality of light detectors is selected from the
group consisting of avalanche photo diodes, photo-
diodes or photomultiplier tubes.

The method for utilizing an imaging system for dif-
fuse optical tomography according to any one of
Claims 10 to 12, further comprising generating a
model selected from the group consisting of a ho-
mogeneous model, a layered model, a sphere mod-
el, a hemisphere model, a cylindrically-shaped mod-
el, or an anatomically derived model with finite ele-
ment analysis with a processor from the plurality of
digital signals.

The method for utilizing an imaging system for dif-
fuse optical tomography according to any one of
Claims 10 to 13, further comprising utilizing at least
one noise reduction algorithm with a processor on
the plurality of digital signals, wherein the at least
one noise reduction algorithm is selected form the
group consisting of linear regression covariance
analysis and independent component analysis.

The method for utilizing an imaging system for dif-
fuse optical tomography according to any one of
Claims 10 to 14, further comprising utilizing filters
positioned in front of the plurality of light detectors
for detecting fluorescing agents in a human body.
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Patentanspriiche

Abbildungssystem flr diffuse optische Tomogra-
phie, umfassend:

eine Vielzahl von Lichtquellen, wobei jede Licht-
quelle verbunden ist mit einer separaten, isolier-
ten, digital geregelten Stromquelle und von je-
der anderen Lichtquelle isoliert ist;

eine Vielzahl von Lichtleitern verbunden mit der
Vielzahl von Lichtquellen;

ein Optode-Gitter anbringbar an einem Teil ei-
nes menschlichen Subjekts, wobei das Optode-
Gitter verbunden ist mit der Vielzahl von Licht-
leitern;

eine Vielzahl von Detektorkandlen verbunden
mit dem Optode-Gitter um Licht aus der Vielzahl
der Lichtquellen zu empfangen nach der Inter-
aktion mit dem menschlichen Subjekt;
Lichtdetektoren, wobei jeder Lichtdetektor ge-
koppelt ist mit nur einem der Detektorenkanale,
um unmittelbar Licht zu detektieren empfangen
durch seinen gekoppelten Kanal, wobei jeder
Lichtdetektor eine separate, isolierte Strom-
quelle hat; und

eine Vielzahl von Analog-zu-Digital-Konvertern
(ADCs), wobei jeder ADC verbunden ist mit nur
einem Lichtdetektor und Signale wandelt von
seinem verbundenen Lichtdetektorzu einem se-
paraten Digitalsignal zur Verwendung in Bildge-
bung.

Abbildungssystem fir diffuse optische Tomographie
nach Anspruch 1, wobei das System mit Signalen
arbeitet, die einen hohen dynamischen Bereich von
zumindest 10 E+5 haben und einer Bildrate grof3er
als ein (1) Hertz.

Abbildungssystem fir diffuse optische Tomographie
nach Anspruch 1, wobei das System mit Signalen
arbeitet, die einen hohen dynamischen Bereich von
zumindest 10 E+7 haben und einer Bildrate grofier
als zehn (10) Hertz.

Abbildungssystem fir diffuse optische Tomographie
nach einem der Anspriiche 1 bis 3, wobei die Vielzahl
der Lichtquellen gemultiplext ist.

Abbildungssystem fir diffuse optische Tomographie
nach Anspruch 1, wobei jede digital geregelte Leis-
tungsquelle bei einer hohen Bandbreite von zumin-
dest einem Megahertz moduliert und in Verbindung
mit einer Schwellenspannung fir jede der Vielzahl
von Lichtquellen verwendet wird arbeitet um Uber-
sprechen zu minimieren.

Abbildungssystem fir diffuse optische Tomographie
nach einem der Anspriiche 1 bis 5, wobei die Vielzahl
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der Lichtquellen ausgewahlt ist aus der Gruppe be-
stehend aus lichtemittierenden Dioden, Laserdio-
den, Superlumineszenzdioden, Feststofflasern,
oder anderen Laserquellen, wobei die Vielzahl an
diskreten, isolierten Lichtdetektoren ausgewahilt ist
aus der Gruppe bestehend aus Lawinen-Fotodio-
den, Fotodioden oder Fotovervielfacherrohren, und
die Vielzahl an Lichtleitern eine Vielzahl an Glasfa-
serkabeln enthalt, wobei mindestens einer aus der
Vielzahl von Glasfaserkabeln mehrfachgegabelt ist,
um multiplexes Licht aus einer einzelnen Quelle zu
empfangen.

Abbildungssystem fir diffuse optische Tomographie
nach einem der Anspriiche 1 bis 6, ferner umfassend
einen Prozessor der ein Modell generiert ausgewahlt
aus der Gruppe bestehend aus einem homogenen
Modell, einem Schichtenmodell, einem Kugelmo-
dell, einem Halbkugelmodell, einem zylinderférmi-
gen Modell, oder einem abgeleiteten anatomischen
Modell mit Finite-Elemente-Methode aus der Viel-
zahl von Digitalsignalen und wobei die Finite-Ele-
mente-Methode umfasst Finite-Elemente, Vorwarts-
lichtmodellierung.

Abbildungssystem fir diffuse optische Tomographie
nach einem der Anspriiche 1 bis 7, ferner umfassend
einen Prozessor der mindestens einen Rauschun-
terdriickungsalgorithmus an der Vielzahl an Digital-
signalen verwendet, wobei der mindestens eine
Rauschunterdriickungsalgorithmus eines enthalt
aus einer linearen Regression Kovarianzanalyse mit
einer Steigerung im Kontrast-zu-Rauschen-Verhalt-
nis und Unabhé&ngigkeitsanalyse.

Abbildungssystem fir diffuse optische Tomographie
nach Anspruch 1, wobei die Vielzahl von Lichtquel-
len lichtemittierende Dioden sind und die Lichtdetek-
toren Lawinen-Fotodioden sind.

Verfahren zur Verwendung eines Abbildungssys-
tems flr diffuse optische Tomographie umfassend:

Anbringen eines Optode-Gitters an einen Teil
eines menschlichen Subjekts, wobei die Gestal-
tung des Optode-Gitters verbunden ist mit der
Vielzahl von Lichtleitern, die verbunden sind mit
der Vielzahl von Lichtquellen, wobei jede Licht-
quelle elektrisch verbunden ist mit einer sepa-
raten, isolierten digitalen Eingangsstromquelle,
und wobei jede Lichtquelle einen separaten, di-
gitalen Steuereingang fiir individuelle Program-
mierung hat;

Verwendung einer Vielzahl von Lichtdetektoren,
die mit dem Optode-Gitter mittels einer Vielzahl
von Detektorkanalen verbunden sind zur unmit-
telbaren Detektion von Licht empfangen an den
Detektorkanalen, wobei das empfangene Licht
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durch die Vielzahl der Lichtquellen bereitgestellt
wird nach Interaktion mit dem humanen Subjekt,
wobei jeder Lichtdetektor an nur einen der De-
tektorenkanale gekoppelt ist, und wobei jeder
Lichtdetektor eine separate, isolierte Strom-
quelle hat; und

Wandlung einer Vielzahl von individuellen Sig-
nalen von der Vielzahl von Lichtdetektoren zu
einer Vielzahl von Digitalsignalen fir Bildge-
bung mit einer Vielzahl von Analog-zu-Digital-
Konvertern (ADCs), wobei jedes ADC mit nur
einem Lichtdetektor verbunden ist, und wobei
jedes ADC Signale nur von seinem verbunde-
nen Lichtdetektor wandelt.

Verfahren zur Verwendung eines Abbildungssys-
tems fiur diffuse optische Tomographie nach An-
spruch [10], ferner umfasst Bereitstellung von Sig-
nalen mithoher Geschwindigkeitin einem hohen Dy-
namikbereich flr jede digitale Eingangsstromquelle.

Verfahren zur Verwendung eines Abbildungssys-
tems fir diffuse optische Tomographie nach An-
spruch 10 oder 11, wobei die Vielzahl von Lichtquel-
len ausgewahlt ist aus der Gruppe bestehend aus
lichtemittierenden Dioden, Laserdioden, Superlumi-
neszenzdioden, Festkdrperlasern, oder anderen La-
serquellen, und die Vielzahl von Lichtdetektoren
ausgewahlt ist aus der Gruppe bestehend aus La-
winen-Fotodioden, Fotodioden oder Fotovervielfa-
cherréhren.

Verfahren zur Verwendung eines Abbildungssys-
tems fir diffuse optische Tomographie nach einem
der Anspriiche 10 bis 12, ferner umfassend Erzeu-
gung eines Modells ausgewahlt aus der Gruppe be-
stehend aus einem homogenen Modell, einem
Schichtenmodell, einem Kugelmodell, einem Halb-
kugelmodell, einem zylinderférmigen Modell, oder
einem abgeleiteten anatomischen Modell mit Finite-
Elemente-Methode mit einem Prozessor aus der
Vielzahl von Digitalsignalen.

Verfahren zur Verwendung eines Abbildungssys-
tems fir diffuse optische Tomographie nach einem
der Anspriche 10 bis 13, ferner umfassend Verwen-
dung mindestens eines Rauschunterdriickungsal-
gorithmus mit einem Prozessor an der Vielzahl von
Digitalsignalen, wobei der mindestens eine Rausch-
unterdriickungsalgorithmus ausgewahlt ist aus der
Gruppe bestehend aus einer lineare Regression Ko-
varianzanalyse und Unabhangigkeitsanalyse.

Verfahren zur Verwendung eines Abbildungssys-
tems fir diffuse optische Tomographie nach einem
der Anspriche 10 bis 14, ferner umfassend Verwen-
dung von Filtern positioniert vor der Vielzahl von
Lichtdetektoren zur Detektion von fluoreszierenden

10

15

20

25

30

35

40

45

50

55

1"

Agenzien in einem menschlichen Kérper.

Revendications

Systéme d’imagerie pour la tomographie optique dif-
fuse comprenant :

une pluralité de sources de lumiére, chaque
source de lumiére étantreliée a une source d’ali-
mentation a commande numérique isolée et dis-
tincte, et étantisolée de chaque autre source de
lumiére ;

une pluralité de conduits de lumiére reliés a la
pluralité de sources de lumiere ;

une grille a optodes pouvant se fixer a une partie
d’'un sujethumain, danslequella grille a optodes
est reliée a la pluralité de conduits de lumiere ;
une pluralité de canaux de détecteur reliés a la
grille a optodes pour recevoir la lumiére a partir
de la pluralité de sources de lumiére aprés inte-
raction avec le sujet humain ;

des photodétecteurs, chaque photodétecteur
étant couplé a I'un seulement des canaux de
détecteur pour détecter instantanément la lu-
miére regue par son canal couplé, chaque pho-
todétecteur ayant une source d’alimentation iso-
lée et distincte ; et

une pluralité de convertisseurs analogiques/nu-
mériques (CAN), chaque CAN étant relié a un
seul photodétecteuret convertissant les signaux
a partir de son photodétecteur relié en un signal
numérique séparé pour une utilisation en ima-
gerie.

Systéme d’imagerie pour la tomographie optique dif-
fuse selon larevendication 1, dans lequel le systeme
fonctionne avec des signaux ayant une gamme dy-
namique d’au moins 10 E+5, et une fréquence d’'ima-
ges supérieure a un (1) Hertz.

Systéme d’imagerie pour la tomographie optique dif-
fuse selon larevendication 1, dans lequel le systeme
fonctionne avec des signaux ayant une gamme dy-
namique d’au moins 10 E+7 et une fréquence d’'ima-
ges supérieure a dix (10) Hertz.

Systéme d’imagerie pour la tomographie optique dif-
fuse selon I'une quelconque des revendications 1 a
3, dans lequel la pluralité de sources de lumiére sont
multiplexées.

Systéme d’imagerie pour la tomographie optique dif-
fuse selon la revendication 1, dans lequel chaque
source d’alimentation a commande numérique mo-
dule a une large bande passante d’au moins un mé-
gahertz et est utilisée conjointement avec une ten-
sion seuil pour chacune de la pluralité de sources
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de lumiére, fonctionnant pour minimiser l'intermodu-
lation.

Systeme d’imagerie pour latomographie optique dif-
fuse selon I'une quelconque des revendications 1 a
5, dans lequel la pluralité de sources de lumiere est
choisie dans le groupe consistant en diodes électro-
luminescentes, diodes laser, diodes superlumines-
centes, lasers a solide, ou d’autres sources de laser,
la pluralité de photodétecteurs isolés et discrets est
choisie dans le groupe consistant en photodiodes a
avalanche, photodiodes ou tubes photomultiplica-
teurs, et la pluralité de conduits de lumiére inclut une
pluralité de cables a fibre optique, et dans lequel au
moins I'un de la pluralité de cables a fibre optique
est a plusieurs bifurcations pour recevoir la lumiére
multiplexée a partir d’'une seule source.

Systeme d’imagerie pour latomographie optique dif-
fuse selon I'une quelconque des revendications 1 a
6, comprenant en outre un processeur qui génére
un modéle choisi dans le groupe consistant en un
modele homogéne, un modeéle en couches, un mo-
dele sphérique, un modéle hémisphérique, un mo-
dele en forme de cylindre, ou un modéle dérivé ana-
tomiquement avec une analyse par éléments finis a
partir de la pluralité de signaux numériques, et dans
lequel I'analyse par éléments finis inclut la modéli-
sation de la lumiere émise par éléments finis.

Systeme d’imagerie pour latomographie optique dif-
fuse selon I'une quelconque des revendications 1 a
7, comprenant en outre un processeur qui utilise au
moins un algorithme de réduction du bruit sur la plu-
ralité de signaux numériques, dans lequel ledit au
moins un algorithme de réduction du bruitinclut'une
parmi une analyse de covariance par régression li-
néaire avec une augmentation du rapport contras-
te/bruit et une analyse de composant indépendant.

Systeme d’imagerie pour latomographie optique dif-
fuse selon la revendication 1, dans lequel la pluralité
de sources de lumiére sont des diodes électrolumi-
nescentes et les photodétecteurs sont des photodio-
des a avalanche.

Procédé pour utiliser un systéeme d’imagerie pour la
tomographie optique diffuse comprenant :

la fixation d’une grille a optodes a une partie d’'un
sujet humain, dans lequel la conception de la
grille a optodes est reliée a la pluralité de con-
duits de lumiére qui sont reliés a une pluralité
de sources de lumiére, danslequel chaque sour-
ce de lumiére est raccordée électriquement a
une source d’alimentation d’entrée numérique
isolée et distincte, et dans lequel chaque source
de lumiere aune entrée acommande numérique
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distincte pour la programmation individuelle ;
I'utilisation d’'une pluralité de photodétecteurs
qui sont reliés a la grille a optodes via une plu-
ralité de canaux de détecteur pour détecter ins-
tantanément la lumiére regue dans les canaux
de détecteur, ladite lumiére regue étant fournie
par la pluralité de sources de lumiére aprés in-
teraction avec le sujet humain, dans lequel cha-
que photodétecteur est couplé a 'un seulement
des canaux de détecteur, et dans lequel chaque
photodétecteur a une source d’alimentation iso-
lée et distincte ; et

la conversion d’une pluralité de signaux indivi-
duels provenant de la pluralité de photodétec-
teurs en une pluralité de signaux numériques
pour I'imagerie avec une pluralité de convertis-
seurs analogiques/numériques (CAN), dans le-
quel chaque CAN est relié a un seul photodé-
tecteur, etdans lequel chaque CAN convertitles
signaux provenant uniquement de son photodé-
tecteur relié.

Procédé pour utiliser un systéeme d’'imagerie pour la
tomographie optique diffuse selon la revendication
20, comprenant en outre la fourniture de signaux a
grande vitesse dans une gamme dynamique haute
a chaque source d’alimentation d’entrée numérique.

Procédé pour utiliser un systéeme d’'imagerie pour la
tomographie optique diffuse selon I'une ou l'autre
des revendications 10 et 11, dans lequel la pluralité
de sources de lumiére est choisie dans le groupe
consistant en diodes électroluminescentes, diodes
laser, diodes superluminescentes, lasers a solide,
ou d’autres sources de laser, et la pluralité de pho-
todétecteurs est choisie dans le groupe consistant
en photodiodes a avalanche, photodiodes ou tubes
photomultiplicateurs.

Procédé pour utiliser un systéeme d’'imagerie pour la
tomographie optique diffuse selon I'une quelconque
des revendications 10 a 12, comprenant en outre la
génération d’'un modele choisi dans le groupe con-
sistant en un modéle homogéne, un modéle en cou-
ches, un modeéle sphérique, un modéle hémisphéri-
que, un modéle en forme de cylindre, ou un modéle
dérivé anatomiquement avec une analyse par élé-
ments finis avec un processeur a partir de la pluralité
de signaux numériques.

Procédé pour utiliser un systéeme d’'imagerie pour la
tomographie optique diffuse selon I'une quelconque
des revendications 10 a 13, comprenant en outre
I'utilisation d’au moins un algorithme de réduction du
bruit avec un processeur sur la pluralité de signaux
numeériques, dans lequel ledit au moins un algorith-
me de réduction du bruit est choisi dans le groupe
consistant en une analyse de covariance par régres-
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sion linéaire et une analyse de composant indépen-
dant.

Procédé pour utiliser un systéeme d’imagerie pour la
tomographie optique diffuse selon I'une quelconque
des revendications 10 a 14, comprenant en outre
I'utilisation de filtres positionnés devant la pluralité
de photodétecteurs pour détecter les agents a fluo-
rescence dans un corps humain.
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