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A portable topographic near-infrared spectroscapitRS) imaging system has been developed to
provide real-time temporal and spatial information about the cortical response to stimulation in
unrestrained infants. The optical sensing array is lightweight, flexible, and easy to apply to infants
ranging from premature babies in intensive care to children in a normal environment. The sensor
pad consists of a flexible double-sided circuit board onto which are mounted multiple sources
(light-emitting diode¥ and multiple detectorgp-i-n photodiodey all electrically encapsulated in
silicone rubber. The control electronics are housed in a box with a medical grade isolated power
supply and linked to a PC fitted with a data acquisition card, the signal acquisition and analysis
being performed usingaBviEw ™. The signal output is displayed as an image of oxy- and
deoxyhemoglobin concentratigiHbO,], [Hb]) changes at a frame rate of 3 Hz. Experiments have
been conducted on phantoms to determine the sensitivity of the system, and the results have been
compared to theoretical simulations. The system has been tested in volunteers by imaging changes
in forearm muscle oxygenation, following blood pressure cuff occlusion to obtain typitdland

[HbO,] plots. ©2004 American Institute of PhysickDOI: 10.1063/1.1775314

I. INTRODUCTION As a result, near-infrared light can penetrate several centime-
ters of biological tissues, enabling noninvasive investigation
Techniques such as electroencephalograffyG), pos-  of the brain from the surface of the scalp. It is a relatively
itron emission tomograph§PET), functional magnetic reso- simple technique that is portable, does not require a dedi-
nance imagingfMRI), or magnetoencephalograptEG)  cated technical staff, and does not require the patient to be
can be used to noninvasively investigate cerebral functionpjected with any isotopes.
A|th0ugh these teChniqueS are W|de|y used Clinica”y, the in- Several different types of NIR instruments have been
struments are very expensive, require specially trained techteveloped over the past 20 years to measure changes in ce-
nical staff to operate, and with the exception of EEG, payepral oxygenation, perfusion, and more recently, to image
tients have to be moved from their ward and taken tOprajn activity’ These instruments, whether they just moni-
specially constructed rooms where the investigation is carr nonlocalized signal changes, or produce topographic two-
ried out. In the case of PET, patients have to be injected withjimensional (2D) or tomographic three-dimension&BD)
radioisotopes, which prevent multiple repeated studies. All Ofmages of activity in the brain, can generally be classified
these factors make these imaging modalities unsuitable anfdiy three major categories: time-resohel frequency
inconvenient for imaging cerebral functions in babies in rea'modulated1,4‘22 and continuous intensAy 2’ instruments.

time, especially if they are being cared for in an intensiverime resolved instruments involve injecting short pulses of
care un|t.. ) . light (typically a few picosecond duratiprand measuring
Near-infrared spectroscopiIRS) is an optical method o gistribution of flight times of the transmitted photons, a
of noninvasively measuring cerebral function at the COtS'deparameter known as the temporal point spread function. This
It is a useful technique to investigate biological tissues, bey ..« \rement provides the greatest amount of information

lcaus%in the_ near—;ljlfraredhregi()?lﬁcl;_—980 nrzllc\j/vaterhhas 4 about the tissue being interrogated, although the instrumen-
ow absorption, while oxyhemoglobigHb) and deoxyhemo- tation needed is both complex and expensive. Frequency

globin (HbO,) still have detectable absorption dlfferences"modulated instruments involve modulating the light source at

radio frequencies and detecting the intensity and phase of the
¥Electronic mail: tharshan@unisa.edu.au transmitted signal. This requires less complex and expensive
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achieved using a sample and hold circuit, where, as each
source is pulsed, the signals from all of the detectors are
“held.” By pulsing a number of sources simultaneously, the
overall data acquisition time can be further reduced, pro-
vided the distance between the sources that are on simulta-
neously is sufficiently large that there is negligible risk of
cross talk(i.e., a detector picking up a signal from more than
one sourcg The detected signals are amplified using tran-
instrumentation. The third and simplest type of measuremendimpedance amplifiers and transferred to a PC via a data

injected into the tissue and the attenuated transmitted inteRsectronics.

sity is measured at some distance from the source.
The aim of the work described in this paper was to de-
velop a simple intensity based NIR instrument that could pdll- FLEXIBLE PAD
used on preterm and term babies to produce a 2D topo- As mentioned, all the light sources and detectors are

graphic image of the cortical response to stimulation. Wemounted on a flexible pad measuringc& cm.
have previously shown using a single-channel continuous in-

tensity measurement instrument, Hamamatsu NIRO 300, thz%t
visually evoked responses can be obtained in the occipital”
cortex in babies. This instrument uses a single light source ~ Three types of light sources were considered: laser di-
with a single detector and measures the hemodynamiedes, white light sources with filters, or light-emitting diodes
changes occurring in the region between the source and dé-EDs). Laser diodeshave been used in NIRS for imaging
tector. The limitation of this instrument is that precise place-System by several groups?>****However, they are both
ment of the source and detector is required in order to monit€latively expensive and require optical fiber coupling to the
tor the correct hemodynamic Changes in an evoked respon§6l’]$0l’ array, which can be difficult when it comes to attach-
study. Hence, although different parts of the brain could reing onto a baby’s heatf;**as custom designed caps or hold-
spond to a stimulus, the instrument may not detect the resulers may be necessary and the fibers can be fragile and easily
ing changes if the source and detector are not placed acc@roken. White light sourcesequire appropriate filters, and
rately over the activated region. In the infant, where the brairre also bulky and hence difficult to fit within the small space
is still developing and the head shape is still changing, it isavailable. They also pose significant heat dissipation prob-
difficult to predict where the cerebral activation may occur,lems. LEDs on the other hand, can be obtained in small
and in serial studies this may also change with time as corPackages and several of them can be easily fitted into a small
tical development continues. However, by using an arrayegion with minimal heat dissipation problerifs.
system with multiple sources and multiple detectors, regional ~ The specification required of the LEDs is that they be of
changes can be monitored, enabling the precise location ¢figh power and have a narrow spectral bandwidth. It has
activation regions of the brain. Because of the need to studpeen shown previously that the optimum pair of wavelengths
the infants in a wide variety of situations, ranging from theto use are 664 and 830 rithNo suitable LEDs were avail-
neonatal intensive care unit to a near home environment, ble at exactly these wavelengths, but LEDs of relatively
was also essential that the measurement instrument be pdtarrow spectral bandwidthd0 nm at 780 nm(OD-7860
table, lightweight, easy to use, and ideally inexpensive. ~ and 880 nm(OD-8860 were available from Optodiode Cor-
poration, which when pulse.5 A for 10 us at 200 Hz

Il. INSTRUMENT DESCRIPTION produced a peak power output of 8 mW.

hardware

FIG. 1. (Color onling Overall system.

Light sources

The overall system design is shown in Fig. 1. The sensor
array consists of multiple sources and multiple detector$: Detectors
placed on a flexible circuit boardexible pad that conforms Four types of detectors that can be used to measure the
easily to the shape or size of a baby’s head. The flexible pattansmitted signals are available: silicon photodiodes, ava-
has dimensions of 8 4 cm, which covers the entire region lanche photodiode¢éAPDs), photomultiplier tubegPMTs),
of the visual cortex of both preterm and term babies. A longand charge coupled devicéECDs). The latter two options
(1-m) flexible ribbon cable connects the pad to the interfac-were not feasible on the basis of price and size. Although
ing hardware, enabling the baby to move if required. silicon photodiodes have a lower sensitivity in comparison to
Light sources at two different wavelengths are requiredAPDs, their reasonable response time, high dynamic range,
in order to resolve both oxyhemoglobirlbO,) and the de- and the requirement that several needed to be placed within
oxyhemoglobin(Hb) changes. The maximum intensity of the flexible pad area of 84 cm made them the optimum
light that can be safely delivered to a biological tissue ischoice. In order to minimize the physical chip size, the active
limited to a few milliwatts, however th@eakintensity of  collecting area had to be as large as possible with negligible
light delivered to the tissue can exceed this by several ordemdead space. Silicon seng@SO-PDQ-20-6-chp-i-n photo-
of magnitude if the sources are pulsed. To speed up datdiodes best satisfied these requirements, with a collection
acquisition, the attenuated signal can also be measured sirea of 20 mrfy a dead space of only 0.3 mMmand a low
multaneously on more than one detector. This is easilyark current of typically 2 nA.
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Pairs of LEDs Pixel No. 2 rows of
780 nm & 880 photodiodes

FIG. 2. (Color onling The arrange-
ment of 24 pairs of LEDSA-X) and
14 photodiodes on the flexible pad, in-
cluding the pixel number&l-56) used
for software display.

The sensor array finally consisted of 48 LEDs and 14D. Flexible head pad
photodiodes mounted on a flexible circuit board with the One of the design challenges in this project was to ac-
LEDs arranged in three rows of 18ight pairs of LEDs, one  commodate all of the electronic compone(@§) and signal
at 780 nm and the other at 880 pnand the photodiodes |ines (113) into the 8x 4 cm region, while at the same time
arranged in two rows of seven, with the distance between thgstaining the flexibility of the pad to enable it to conform to

pairs of LEDs being 1 cniFig. 2. the shape and size of an infant's hef@g. 3a)]. All 48
3 LEDs and 14 photodiodg#n the front of the paglcould not
C. Amplifier be placed vertically in columns or horizontally next to each

Photodiodes generate low level current that is proporDther, as this was found to greatly reduce the flexibility of the
tional to the level of illumination, and these signals need topad. Placing the LEDs and photodiodes in a staggered ar-
be amplified. A number of amplifier configurations are dis-rangement increases the flexibility. The minimum spacing
cussed in great detail by Graethand after considering sev- between the LEDs and photodiodes is determined by the
eral options, it was decided that a single stage transimpedwumber of tracks that can be placed between components.
ance amplifier was most suitable. This offers better linearity,
greater bandwidth, and also produces lower offset voltages,
in comparison to the voltage gain configuration. Low distor-
tion amplifiers with FET inputs were considered, and their
individual noise performances were calculatédsed on a
feedback resistor of 100(k). The OPA2604Burr Brown), a
dual FET input, low distortion amplifier, was the best choice
in terms of noise performance, physical dimensions, and
availability. The transimpedance amplifiers should be as
close as possible to the photodiodes to minimize noise
pickup, but because of the limited space on the sensor pad,
and the requirement for maximum pad flexibility as outlined
above, the amplifier could not be placed next to photodiode
on the printed circuit boar¢pch). However, the photodiode
and amplifier have similar physical dimensions, and there- (a) (b)
fore the amplifiers could be placed on the other side of the
pcb, directly behind the photodiodes. This has two advan-
tages. First, it reduces stray capacitance, minimizes channel-

Thinner
tracks

between

components

Thicker tracks
elsewhere

Layer of black

. . silicone
to-channel cross talk, and reduces noise pickup from the sur- ifglljle produ;d
rounding circuitry. Second, the combination provides by mold with
mechanical support for the photodiodés the form of a void region

rigid hard backing, ensuring that they will not become de-
tached when the circuit board is flexed. To further minimize
the risk of detachment, an additional layer of cover lay was
put on the back of the pcb behind the LEDs to act as a
further mechanical support. The feedback resistb@® k)

on the transimpedance amplifiers, together with gain com-
pensating feedback capacitors of 6.5 pF, are also placed on (©
the flexible pad. Since the LEDs are pulsed with a current

: : _ ; FIG. 3. (Color onling Flexible pad.(a) Front of flexible pad with all 48
pUIse of 10us width, hence the reqUIred 3-db gain was LEDs and 14 photodiodesb) track layout where thinner tracks have been

1 MHz (i.e., Fhe measured Sign_al should settle within 0ne+,sed between components and thicker tracks elsewhergcpnibld used
tenth of the time of the pulse width for encapsulating front of flexible pad.

Spacers of different heights

Idale mold

Downloaded 23 Feb 2005 to 128.40.160.119. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



Rev. Sci. Instrum., Vol. 75, No. 10, October 2004 Topographic NIRS imaging system 3279

This was a significant challenge, since the track width in théV. INTERFACING HARDWARE
LED connections cannot be made arbitrarily small, as a
tradeoff exists between track width and voltage drop alongoOa
the length of the tracka 30-cm-long, 0.127-cm-width track
made with 17.5zm-thick copper, will have a voltage drop of
1.14 V if 1 Ais pulsed through )t Another means of fitting
several tracks into a small area is to use a multilayered boar(;& LED driver boards

where tracks can be distributed among the different layers.”

However, as the number of layers increase, the thickness of Our design incorporates three LED driver boards, each
the flexiboard increase@wo-, four-, or six-layered boards controlling a single row of LED<a single row consists of
have a thickness of 17.7, 38.2, and 5@, respectively, eight pairs, where a single pair consists of LEDs at 780 and
again compromising the flexibility of the pad. Therefore, the880 nm. A digital output from the data acquisition board
flexibility depends ultimately on the number of layers, the(PCI-DAS1602/16, Computerboajdsard provides the trig-
thickness of the copper tracks, the number of tracks, and als@er required for a monostable multivibrator to produce short
on the material used to manufacture the circuit board. In lighf0-«s pulses. This pulse is fed into a demultiplexer that se-
of these factors, a two-layered board was chosen, wittects one of eight LEDs, and then into a FET, via a high-
35-um-thick copper tracksto cater for the high pulsed cur- Speed FET driver to turn each of the LEDs “on” and “off.”

The interfacing hardware consists of three LED driver
rds, one isolation board, and a switch mode power sup-
ply, all encompassed in a smgl9x 26X 17 cm) plastic box
(Meditec 220, OKW Enclosures Ltd.

ren®), with short sectors of thinner trad.254 cm used in An octal 8-bit digital-to-analog  convertefDAC)
regions between components, and thicker tra€k§08 cm  (MX7228TQ, Maxim provides individual current drive for
used elsewherfFig. 3b)]. the LEDs, as it contains eight separate latches with output

buffers that can be individually addressed using three digital
outputs from the computer. Using four of the maximum eight
E. Encapsulation of head pad bits, it is possible to set 16 different levels of current drive
for the LEDs. Two DACs are required on each board: one to

tact with the patient, as it contains electronic components Igontrol the 780 nm and the other the 880-nm LEDs. The
) P C . . P " output of the DAC drives an adjustable voltage regulator
requires encapsulation in a suitable material which should:

. , . (one per LED. A 10-uF capacitor on the output of each

(a) be flexible enough to conform to th(_a baby’s he{mhxr voltage regulator supplies the instantaneous peak current for
mum of 35 Shore hardnesgb) have suitable optical prop- the LEDS
erties,(c) have a low viscosity enabling it to be poured into |
a mold, (d) have a long working time and a short curing B. Isolation board
time, and(e) not give off any by-products during curing that
will degrade the flexible pcb or the Compone(ﬂE)me en- The Complete measurement System has to conform to the
Capsu|ants produce acetic acid as a by prqduct European medical isolation standat((ENGOGOl-i). To this

A two-part clear silicon rubbefRTV615, GE Silicon ~ €nd, the isolation board contains optoisolators, isolating all
satisfied all of the above requirements. Black pigm@nec ~ ©of the digital signalsfrom the computer, and a single low
Tiranti Ltd.) had to be added to the clear mixture to ensuredistortion 120-kHz bandwidth isolation amplifier, which re-
that no lateral leakage of light could occur from source tolays the photodiode signal baakto the computer. The sig-
detector, so that all of the light detected must have travele@als from all of the 14 photodiodes are fed into a sample and
through the tissue being interrogated_ hold CirCUit, which enables all photOdiOdes to be either

Encapsulation had to be carried out in three stagms: “sampled” or “held” simultaneously. The outputs of the
encapsulation of the back of the pad with the transimpedancgample and hold are fed via a 16-channel multiplexer to the
amplifiers, (b) encapsulating the front of the flexible board, computer after isolation. Finally, the layout of the compo-
except for the regions directly above the LEDs and photohents and tracks are such that there is a clear 8-mm gap
diodes, andc) filling the regions directly above the LEDs between the isolated and nonisolated side.
and photodiodes. RTV615 containing the black pigment was
first poured over the rear of the pad, which was held in &. Power supply

custom made PTFE mold and left to cure overnighold A medical grade power supplySRP-100-4002, TRC
not shown. A separate two-part PTFE mo[&ig. 3c)] was  Electronics, Ing. which meets EN 60601-1 is used to power
designed to cast the rubber for the front of the pad. This| of the circuitry. Although all of the electronic components
mold has a male and female counterpart, and produces #e isolated, the computer is also an integral part of the sys-

layer of black silicon rubber, with an array of void regions. tem, and therefore it also requires isolation, so the entire
The void regions are areas where the LEDs and photodiod%s/stem is fed via another isolation transformer.

are eventually situated. Varying thicknesses of the silicon

rubber can be produced, using spacers of different heights; soFTWARE

but a thickness of 2 mm was used in the pad described here. . .

Once cured, this molding was attached to the front of the pad- Generating an image

using a thin layer of the black RTV as an adhesive. Once this LABVIEW ™ is used as the control software. The software
was cured, the void regions above the LEDs and photodiodedisplays two images dHb] and[HbO,] in a pixel format(a
were filled with clear silicon rubber. single image consists of 56 pixelgnd a graph ofHb] and

The flexible circuit board cannot be placed in direct con-
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-50.00 -30.00
-25.00 -15.00
-0.00 -0.00
P FIG. 4. (Color onling LaBviEw ™ user

interface. The front panel shows the
instantaneous value of(Hb) and
(HbO,) on all 56 pixels(top). The user
can view an individual pixel by select-
ing the appropriate “Pixel No.” and a
trace will be displayedpixel 7 is on
display on the bottom trage

i Pixel Ni Baseli Total Al Frames Event
Baseline  Experiment ixel No as(:)lne tinge(s) ‘ yigs% rame Lo

57 9.2 82.56 30 s -

[HbO,] in real time at a rate of 3 H@ig. 4). The sequence The extinction coefficients for these two chromophores are
of activating the LEDs and monitoring the photodiode outputwell known?® but since the LEDs emit light over a relatively

is all under software control. The hardware has been debroad wavelength range, the extinction coefficient for the
signed for multiple LEDs to be illuminated, provided that two chromophores cannot be taken as a single value at the
there is negligible cross talk from the detected signals. Curnominal center wavelengths of 780 and 880 nm. The spec-
rently, a simple pulsing scheme is employed, where only onérum has to be normalized and weighted according to the
LED is illuminated at a time. The 780-nm LED is pulsed, extinction coefficient and emitted intensities at each wave-
then the 880-nm at location A with the detected signal by POength. To ensure accuracy, the spectra of all 48 LEDs were
1 assigned to pixel 1Fig. 2). This process is repeated for measured with a spectrometer. For the 780-nm LEDs, the
locations B to X. This simple pulsing scheme produces anean peak wavelength was found to be 787.8 (namge
frame rate of 3 Hz. However, a faster acquisition of 20 Hz771.1-794.0 nm For the 880-nm LED, the mean peak
can be obtained if multiple LEDs are illuminated. For ex- wavelength was 878.8 nifntange 880.8—875.1 nm

ample, LEDs A, E, Q, and T could simultaneously be turned

on and the corresponding voltages produced at nearest phQ; expERIMENTAL STUDIES

todiodes measured. Since the LEDs that are turned “on” are

far apart, there will be negligible cross talk and interference® Experiments on phantom: Sensitivity of the

in the detected signals at the photodiodes. However, thiSYStem

faster acquisition scheme has not been implemented, but will ~ Studies on tissue equivalent phantoms were conducted to
be in the near future. test the spatial sensitivity of the system, and in particular the

The user interface requires the user to press only thredepth at which signals can be obtained. The flexible pad was
buttons: one to start acquiring a baseline signal, one to stoplaced beneath a rectangular tg6kx 90X 70 mm), which
acquisition of baseline, and another to indicate the end of thbad a thin basé2 mm) made of a tissue-equivalent epoxy
data acquisitior(Fig. 4). There are three stages involved in resin® The tank itself was filled with an Intralipid solution
data acquisition: measurement of dark current, measuremewtith optical properties similar to those of the neonatal brain
of baseline, and acquisition during stimulus. Initially, the (x,=0.008 mm?* andx.=0.9 mni') and a black roddiam-
dark current signal from each photodiode is measured witleter 10 mm, length 90 myattached to arxyz translation
all of the LEDs turned off. This current is subtracted from all stage was positioned vertically in the taltkThe 880-nm
subsequent readings; the baseline signal is obtained as th&D at location L(Fig. 2) was illuminated and the output
LEDs are pulsed sequentially for a user-specified time. Theoltage from two photodiodedD3 and PDat two differ-
measured intensities for each pixel are stored in an arragnt separations from the sour¢El and 27 mmwas moni-
following acquisition of the entire set of baseline data, andiored continuously as the black rod was raster scanned in
an average for each pixel for the entire period is calculatedsteps of 2 mm in the, y, andz directions. Figure &) shows
This average value is automatically subtracted from the pixethe area scanned, including the LEDs and photodiodes that
value measured during the stimulus period. were monitored.

To convert changes in intensities into changes in chro-  To test how well the experimental results compared with
mophore concentration, it is necessary to make the assumgiieoretical prediction, a finite element-based model of pho-
tion that there are only two wavelength-dependent chroton diffusion in tissuegToOAST), which was developed at
mophores(Hb and HbQ) in the tissue being interrogated. University College LondorUCL),*® was used to model the
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Closest photodiode

PD 3(S-D=11mm) Pulsed LED L’ for

" PMDF measurement

. -.
... LA S o
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FIG. 5. (Color onling Software simulation ormoasT. (a) Diagram showing the source detector arrangement for depth and PMDF simulation/measurement.
The comparison of theoretically simulated and experimentally measured PMDFs for source to detector sepagajiddsasfd(c) 27 mm.

experimental setuff:‘?8 The rectangular tank(60xX90 27 mm, the experimentally measured maximum depths that
X 70 mm was modeled, including correct information about can be probed are 6 and 12 mm, respectively. This depth of
the size of the detector and source, together with necessapgnetration is suitable for measurements on babies and the
boundary conditiong Robin/Type ll). The calculated pho- NIR light will be able to penetrate the relatively thin over-
ton measuring density functionePMDF)* for the two laying layers of skin and skull.

source and detector separatiofid and 27 mm are also
shown in Figs. B) and 5c), and show good agreement with

. B. Temperature rise
the experimentally measured data. o _ -
In order to estimate the maximum penetration depth of ~ The power dissipated by the 14 photodiode amplifiers

the signal, a black rod was placed at the point of maximunimounted on the flexible pad will cause the temperature of the
sensitivity (1009 for each source detector separation, andPad to increase, since the silicone encapsulant has a high
the detected signal was recorded as the rod was raised vertfiermal resistancéd0 °C/W). It was necessary to confirm
cally in steps of 1 mm. Figure 6 shows the resulting signalgvhether this temperature rise remained below the maximum
plotted versus depth. The maximum penetration depth waBermissible skin temperature. Temperature rise was therefore
defined as the point where the change in signal is equal to th@onitored using a thermocoup(k type) placed between the

system noise. For source detector separations of 11 arRpd and the forehead of a volunteer. Measurements were
performed for 1 h with the thermocouple placed at two loca-

1.2 S-D = 1T mm

1 - (PD3)
0.6 g
0.44= 2 s
023 S

-O >, : H ®¥D2)

0 5 10 15 20
Depth (mm) 32 ; / { |
0 1000 2000 3000 4000
FIG. 6. (Color onling Depth sensitivity profile for two source-detector Time (s)

separations measured at the point of maximum sensitivity. The dotted lines
represent the depths at which the signal change equals the residual systéfG. 7. (Color online The temperature rise on the skin beneath the flexible
noise. pad measured directly under the amplifier and the LED.
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FIG. 8. (Color onling Pressure cuff occlusion experimenta) A typical [Hb] and[HbO,] plot obtained at one pixel during the experimeif. A picture
outlining the veins seen on the surface and the correspoifidinjgand[ HbO,] maps obtained during) venous occlusiond) rest, ande) arterial occlusion.

tions: one was directly under a photodiode/amplifier and theise as the normal venous return is restricted while arterial
other under an LEQFig. 7). The maximum observed tem- blood continues to flow into the arm, resulting in blood pool-
perature of 40 °C, which only occurred after 30 min, ising. During arterial occlusion, all blood flow into the arm
within the normally allowed temperature for skin exposureceasesignoring bone blood floy but the tissue continues to
periods of<4 h. consume oxygen, resulting in a decreasqHO,| and a
matching increase ifiHb]. Upon release of the arterial oc-
clusion, reactive hyperaemia is also visiljthie to the sud-
. en inrush of arterial blogd The images in Figs.(8)-8(e)

There are currently no valld_ated _n(_aonatal cerebraEhOW the distribution ofHb] and [HbO,] changes in the
evoked response tests against which this instrument can %ﬁ"m and the time course of these changes can be seen as a
calibrated. In order to demonstrate the system performancr%ov'ie accessible on www.medphys.ucl.ac-ukiarshan/
on a physiological signal, we therefore carried ou.t IT]e"’lsureforear;n.htmI. What is noticed in the images taken during
rr;}ents onththte forea_rm of adult tvolunteers, Igokltngl "’I‘t th‘lavenous occlusion is a horizontal, branching feature of the
¢ angesh at oceur 'In rbesporgjse 0 Vf%‘%ﬂ;éﬁ ar Ierla SCC Bixels with noticeably higher hemoglobin concentrations.
slon as has previously been demonstr - >ix maie an These are due to the presence of larger surface veins just
six female normal healthy volunteers had the flexible padaelow the skin surface on the arm, and Figh)8shows the
attached to ;fhe undTrS|d§ of thedkzxve_r forearm ande;\] bl((j)o rm with the corresponding surface veins marked with black
press_u_rtg cu vzas |iJace arofu“ elroup[ngcr) arrg. I'e Al Preliminary studies have already been conducted on ba-
acquisition protocol was as followsa) 0- S DaseliN€ hias who were given a checkerboard visual stimulus, where

recording; (b) 120-360 s venous cuff occlusion at :
the system showed both good temporal and spatial
40 mm Hg; (c¢) 360 s venous cuff releaséd) 360—540 s resolut):onw W g P pat

rest; (e) 540-920 s arterial cuff occlusion at 200 mm Hg;
and(f) 920 s cuff release and recovery. Figu(@8s a typi-
cal plot of the Hb and Hb@changes measured from one ACKNOWLEDGMENTS
pixel (46) during this procedure, while Fig.(® shows im-
ages of Hb and Hb®changes obtained at the three time
points indicated in Fig. 1.

The results seen in Fig(& match well the changes one LF. . Jobsis, Sciencd98 1264(1977.

would expect in botifHb] and[HbO,] during these maneu- 2 Kato, A. Kamei, S. Takashima, and T. Ozaki, J. Cereb. Blood Flow
vers. During venous occlusion, bdtHb] and[HbO,] should Metab. 13, 516 (1993.

C. Pressure cuff measurements
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