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Description

BACKGROUND OF THE INVENTION

[0001] Spectrophotometric-type instruments are
known and used in a variety of applications. An instru-
ment of this type is, for example, disclosed in the Ander-
sonetal. U.S. Patent5,879,294. Instruments of this type
include an optical probe which is releasably connected
to an electronics package. In operation, the probe is po-
sitioned on the tissue to be measured or analyzed. The
probe is interfaced to the instrument electronics through
optical fibers and a probe connector. Light used to
measure the characteristics of the tissue is coupled to
the probe by send optical fibers. After being transmitted
from the tissue-engaging surface of the probe into the
tissue being measured, the light will travel through the
tissue before being collected at the end of a receive op-
tical fiber. This collected light is then transmitted to the
instrument through the probe connector and electronics
package connector.

[0002] The collected measurement light signals re-
ceived by the electronics package are transmitted to a
detector which produces electrical signals representa-
tive of these light signals at each wavelength of interest.
A processor/controller then processes these signals to
generate data representative of the measured tissue pa-
rameter. The measurement can be visually displayed on
a display. Algorithms used to compute the tissue param-
eter data are generally known and described in the An-
derson et al. patent.

[0003] Calibration procedures are typically performed
to enhance the accuracy of the measurements made by
the instrument. Methods and devices for calibrating
spectrophotometric-type instruments are generally
known and disclosed in the Anderson et al. patent. The
calibration can, for example, be performed by placing
the probe on a calibration device having a housing which
is filled with light scattering material. The light scattering
material is generally spectrally flat (i.e., reflects all light
to the same degree) to provide a reference spectrum.
White polyethylene foam such as Plastazote LD45
available from Zotefoams plc. can be used for this pur-
pose.

[0004] To obtain an accurate calibration it is important
that the probe be properly positioned on the calibration
device during the reference measurement. Inaccurate
calibrations will occur when the probe is positioned on
the tissue of a patient or otherwise positioned in a man-
ner which enables ambient or other light besides that of
the send optical fibers to reach the receive fiber.
[0005] There remains a continuing need for improved
calibration devices and methods for use with spectro-
photometric instruments. Devices and methods which
are convenient to use would be specially desirable. Any
such devices and methods must be capable of providing
accurate calibration procedures. 11 S 5, 879,294 dis-
closes an instrument according to the preamble of claim
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SUMMARY OF THE INVENTION

[0006] The present invention is an instrument ar-
ranged to conveniently and accurately calibrate a spec-
trophotometric instrument. One embodiment of the in-
strument includes light signal sources, a detector, a
processor/controller, a probe and a calibration device.
The light signal sources include a source of measure-
ment light signals having measurement light wave-
lengths and a source of a calibration light signal at a
calibration detection wavelength which is different than
the measurement light wavelengths. The probe has one
or more send fibers coupled to the measurement and
calibration light signal sources for transmitting the
measurement light signals and the calibration light sig-
nal into tissue and one or more receive fibers for receiv-
ing light including the measurement light signals and the
calibration light signal. The calibration device is adapted
to receive the probe and has an optical filter for trans-
mitting the measurement light signals but not the cali-
bration light signal. The detector is coupled to the re-
ceive fibers to generate electrical signals representative
of the light received at the receive fibers. The processor/
controller is coupled to the detector and initiates a cali-
bration procedure when the calibration light signal is not
detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 is block diagram of an instrument useful in
the practice of the present invention, along with a
probe connector and optical probe connected by
optical fibers and a calibration device.

Figure 2 is a detailed view of the probe connector
shown in Figure 1.

Figure 3 is a schematic side view of a probe in ac-
cordance with the present invention.

Figure 4 is a schematic side view of a first embod-
iment of a calibration device in accordance with the
present invention, with the probe shown in Figure 3
positioned on the device.

Figure 5 is an isometric view of a second embodi-
ment of a calibration device in accordance with the
present invention, with a probe adapted for use with
the calibration device.

Figure 6 is an exploded isometric view of the cali-
bration device shown in Figure 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0008] Aninstrument 10 with which the probe, calibra-
tion device and calibration method of the present inven-
tion can be used is described generally with reference
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to Figures 1 and 2. As shown, the instrument 10 includes
an optical probe 12 which is releasably connected to an
electronics package 14 via optical fibers 16. The elec-
tronics package 14 includes a connector 18, a detector
20, a processor/controller 22, and a display 24. In oper-
ation, the probe 12 is positioned on the tissue to be
measured or analyzed. The probe 12 is interfaced to the
instrument electronics through the optical fibers 16 and
a probe connector 26. The probe connector 26 includes
light emitting diodes (LEDs) or other light sources 30,
32, 34, 36, and 38 for generating light at a number of
different wavelengths (e.g., 800, 760, 720, 680, and 530
nm, respectively). The light used to measure the char-
acteristics of the tissue is coupled to the probe by send
optical fibers 40, 42, 44, and 46. After being transmitted
from the tissue-engaging surface of the probe 12 into
the tissue being measured, the light will travel through
the tissue before being collected at the end of the re-
ceive optical fiber 48. This collected light (measurement
light signal) is then transmitted to the instrument 14
through the probe connector 26 and electronics pack-
age connector 18. A reference light signal correspond-
ing to each of the measurement light signals (i.e., the
reference light signals are not transmitted through the
tissue) is also transmitted to the electronics package
connector 18.

[0009] The collected measurement light signals and
reference light signals received by the electronics pack-
age 14 are transmitted to the detector 20 which produc-
es electrical signals representative of these light signals
at each wavelength of interest. The processor/controller
22 then processes these signals to generate data rep-
resentative of the measured tissue parameter (e.g., sat-
urated oxygen level (StO,)). The measurement reading
can be visually displayed on the display 24. Algorithms
used to compute the tissue parameter data are gener-
ally known and described in the Anderson et al. U.S.
Patent 5,879,294.

[0010] The embodiment of the probe connector 26 il-
lustrated in Figure 2 has a measurement signal gener-
ated within the connector. As shown, the probe connec-
tor 26 includes 4 LEDs 30, 32, 34, and 36 for generating
the measurement light signals at 680, 720, 760, and 800
nm, respectively. Light signals from each of these LEDs
are coupled to the probe 12 by a separate measurement
signal send fiber 40, 42, 44, 46. After being transmitted
through the tissue being analyzed and collected at the
probe 12, the measurement light signal is coupled back
to the probe connector 26 by a measurement signal re-
ceive fiber 48. The end of the measurement signal re-
ceive fiber 48 terminates in the probe connector 26 at a
sample ferrule 52 which is adapted to mate with a socket
in the connector 18 of the electronics package 14.
[0011] A reference light signal is also provided by the
probe connector 26. The reference light signal includes
a portion of the light from each of the LEDs 30, 32, 34,
36, and has not been transmitted from the probe before
being collected. In the embodiment shown in Figure 2,
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the reference light signal is collected by reference light
signal send optical fibers 54, 56, 58 and 60, which ex-
tend respectively from each measurement light signal
source LED 30, 32, 34, 36 to a light mixer/attenuator 62
formed by scattering material attached to a reference
fiber fixturing ferrule 64. The reference signal send fib-
ers 54, 56, 58, 60 are collected in the fixturing ferrule 64
at the scattering material along with a reference signal
receive fiber 66. The reference light received from each
LED is mixed at the mixer 62 and transmitted through
the reference signal receive fiber 66. The end of the ref-
erence signal receive fiber 66 terminates in the probe
connector 26 at a reference ferrule 68 which is adapted
to mate with a socket in the connector 18 of the elec-
tronics package 14. The probe connector 26 also pref-
erably has a 14 pin electrical connector 72 and an optical
fiber fixturing ferrule 74 for each of the LED's 30, 32, 34,
36, and 38, each of which are mounted in a PC board
76, along with connector 72. It is to be understood that
the arrows on fibers 40, 42, 44, 46 are to indicate "to
probe tip" while the arrows on fiber 48 are to indicate
"from probe tip."

[0012] LED 38 produces a calibration light signal. The
calibration light signal produced by LED 38 is transmit-
ted to the tissue-engaging surface of the probe 12
through a calibration send fiber 78. A schematic diagram
of the probe 12 illustrating the measurement signal send
fibers 40, 42, 44, 46, measurement signal receive fiber
48 and calibration send fiber 78 is shown in Figure 3.
The calibration light signal produced by LED 38 should
be at a wavelength which is separate from, and prefer-
ably greater or less than, the range of measurement
wavelengths. In the embodiment shown, the calibration
light signal is a 530 nm signal.

[0013] A calibration device 100 in accordance with
one embodiment of the invention is illustrated schemat-
ically in Figure 4 along with a probe 12. The calibration
device 100 includes optical filter material 102 between
the opening 104 of the housing 106 at which the probe
is received and the interior of the housing with the light-
scattering material 108. The calibration optical filter ma-
terial 102 transmits the measurement light signals (i.e.,
is optically clear to the measurement signals), but does
not significantly transmit the calibration light signal (i.e.,
is optically opaque to the calibration light signal).
[0014] The detector 20 of the electronics package 14
is configured to detect the calibration light signal and to
provide electrical signals representative of the calibra-
tion light signal (e.g., the presence or absence of a de-
tected calibration light signal) to the processor/controller
22. Since the optical filter material 102 does not transmit
the calibration light signal, the receive light signal col-
lected by the receive fiber 48 and transmitted to the elec-
tronics package 14 will not contain a significant compo-
nent at the wavelength of the calibration light signal if
the probe 12 is properly positioned on the calibration de-
vice 100. The processor/controller 22 is programmed to
perform a calibration procedure under these circum-
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stances. If, on the other hand, the probe 12 is positioned
on tissue being measured or is not otherwise properly
positioned on the calibration device 100, at least por-
tions of the calibration light signal will be present in the
receive light signal collected by the receive fiber 48. The
processor/controller 22 is programmed in a manner that
it will not perform a calibration procedure under these
circumstances.

[0015] Inthe embodiment of the instrument and meth-
od described above, the scattering material 108 reflects
all light wavelengths within the visible and near-infrared
wavelength regions (i.e., within the 450-1000 nm wave-
length range of the LEDs 30, 32, 34, 36 in the above-
described probe connector 26) by substantially the
same degree (i.e., is spectrally flat). The optical filter
material 102 functions as a bandpass filter and does not
significantly transmit light having wavelengths in the
range of 450-600 nm. Two distinct light signals are
thereby emitted from the probe 12 into the calibration
material 102. The first is the primary light signal used to
generate the spectroscopic measurement (e.g. 680-800
nm). The second light signal is used only for calibration
material 102 recognition purposes and has a discrete
wavelength spectrum in the range of 520-540 nm. When
the instrument 10 is in the uncalibrated mode, it begins
calibration measurements if there is no 520-540 nm light
at the same time that there is sufficient detected signal
of the primary measurement light at 680-800 nm.
[0016] Ina preferred embodiment, the light emitted for
calibration recognition produces a larger detection sig-
nal than the primary measurement light signal when the
probe 12 is positioned on materials other than the cali-
bration media 102. Another approach for enhancing the
sensitivity of the calibration recognition is to use a rec-
ognition light signal source that overlaps the spectra of
ambient light (e.g., fluorescent light). When the probe
12 is not on the calibration device 100 the ambient light
will add to the detected recognition light signal. The op-
tical filter material 102 should provide a high level and
uniformly spectrally flat transmission for the primary
measurement light signals. Examples of materials
which can be used for signals at the wavelengths de-
scribed above include Kodak Wrattan 25 available from
Eastman Kodak Company of Rochester, NY, and Ro-
scolux 25 color filters available from Rosco Laboratories
of Port Chester, NY. Red Mylar film such as that availa-
ble from Check-Rite Systems Division of Irvine, CA, also
has the proper spectral properties for the embodiment
described above. An alternative to the separate optical
filter material 102 is to incorporate red dye having suit-
able spectral properties into the scattering material foam
108 during its manufacture.

[0017] Another advantage of the invention is that the
processor/controller 22 can automatically initiate a cal-
ibration procedure without having an operator press a
button or take other action to start a calibration proce-
dure. The processor/controller 22 can be programmed
to initiate a calibration automatically when the probe 12
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is positioned on the calibration device 100 (i.e., when
the instrument "detects' the optical filter material 102).
By automatically detecting and initiating calibration in
this manner, a number of calibration error conditions can
be avoided. Error conditions of this type can occur when
the operator initiates calibration when the calibration
material 102 is not present or the operator removes the
calibration device 100 before the calibration cycle is
completed. Error conditions of these types would detri-
mentally affect the accuracy of subsequent measure-
ments.

[0018] The following is a description of the calibration
material recognition process:

1. System monitor (electronics package 14) is pow-
ered up.

2. Once a probe 12 is connected to the monitor or
package 14, the spectroscopic measurement light
(light emitted for tissue absorbance measurements,
n=4 wavelength specific LEDs) and the calibration
recognition light (emitted for material recognition,
n=1 wavelength specific LED) are turned on.

3. If the electronics package 14 has endured the
proper warm-up period, the system is ready for cal-
ibration.

4. Once the user places the probe 12 on the cali-
bration material 102, four optical sensors (e.g., pho-
tomultiplier tubes, not shown) within the electronics
package 14 detect the four wavelength specific light
intensities emitted from send fibers 40, 42, 44 and
46 which are 25mm from the receive fiber 48. A fifth
optical sensor (e.g., a photo diode, not shown) de-
tects the wavelength specific light emitted for mate-
rial 102 recognition from the calibration recognition
optical fiber 78 spaced 2mm from the receive fiber
48.

5. Ifthe instrument 10 detects that there is adequate
signal at the four photomultiplier tube (PMT) detec-
tors picking up the 25mm emitted light and that
there is inadequate light being detected at the cali-
bration recognition detector (single photodiode)
from the 2mm emitted light, then system reference
measurements begin.

6. If any time during the calibration measurement
procedure (approx. 20 individual measurements
taken and averaged) a significant amount of light is
detected at the calibration recognition photodiode
detector (light emitted either from the 2mm spaced
optical fiber or from ambient lighting), then an error
message is displayed and calibration is halted (e.
g., if the user pulls the probe 12 off the material 102
before a complete calibration measurement is cap-
tured, then the measurement is restarted once the
probe is placed back on the calibration material).
7. Once the calibration procedure is complete, the
light emitted for the calibration recognition fiber 78
can be turned off. If the electronics package 14 pow-
er is turned off and back on or the probe 12 is dis-



7 EP 1181 530 B1 8

connected and reconnected then the calibration
process is reinitiated.

[0019] Figures 5 and 6 are illustrations of calibration
device 200, a second embodiment of a calibration de-
vice in accordance with the present invention, and a
probe housing 202 which is adapted for use with the cal-
ibration device. Briefly, the housing 202 has a tip-engag-
ing section 204 with an outer surface that extends out-
wardly with increasing distance toward the tissue-facing
surface 206. The tip-engaging section 204 is adapted to
enable the probe housing 202 to be conveniently insert-
ed into and removed from a disposable tip (not shown).
[0020] Calibration device 200 includes a housing 210
for receiving light-scattering material 212, optical filter
material 214 and cover 216. Light-scattering material
212, which can be the same white foam materials as the
light-scattering material 108 of the calibration device
100 described above (e.g., white Plastazote), is sup-
ported within the housing 210 by supports 218 to main-
tain voids or air spaces 220 between the major surfaces
of the material and the interior of the housing. In one
embodiment the light-scattering material 212 is about
2.5 cm in width, 7.6 cm in height and 8.9-11.4 cm in
length. The air spaces 220 can have the same height
and length as the light-scattering material 212, and a
width of about 0.2 cm. The housing 210 and cover 222
can be formed from opaque material such as black plas-
tic. Optical filter material 214 can be formed from the
same materials as the material 102 of the calibration de-
vice 100 described above.

[0021] Cover 216 includes an access opening 222
which is sized to receive the tip-engaging section 204
of the probe housing 202. The opening 222 is lined with
resilient light-tight seal 224 which engages the tip-en-
gaging section 204 of the probe housing 202 when the
probe housing is inserted into the opening.

[0022] Calibration device 200 functions in a manner
similar to that of the device 100 described above. How-
ever, the size of the light-scattering material 212 and the
air spaces 220 reduce the effects of spectral bias related
to the spacing between the send and receive fibers (not
visible) in the probe 202. Spectral bias of these types
can occur when emitted measurement light signals sig-
nificantly penetrate the light-scattering material 212 and
reaches the material boundary of the housing 210.
[0023] The present invention offers important advan-
tages. In particular, it efficiently provides accurate cali-
bration operations. Errors which can otherwise be
caused by poor-quality coupling between the probe and
calibration device are automatically identified and re-
duced.

[0024] Although the invention has been described in
connection with a plurality of discrete and relatively nar-
row bandwidth light signal sources, those skilled in the
art will recognize that it can be implemented with a broad
bandwidth light signal source as well. The calibration
light signal could also be mixed with the measurement
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light signals. Furthermore, although described in con-
nection with a calibration device recognition application,
the invention can be used to determine probe positions
in other applications as well. For example, using an ap-
propriate wavelength of light (e.g., blue or UV), the in-
strument can be adapted to recognize whether the
probe is properly positioned on or off tissue being ana-
lyzed.

Claims
1. A spectrophotometric instrument (10) comprising:

* asource of measurement light signals (30, 32,
34, 36) having measurement light wavelengths;
* aprobe (12) having:

- oneormore send fibers (40, 42, 44,46, 78)
coupled to the measurement light signal
source for transmitting the measurement
light signals into tissue,

- one or more receive fibers (48) for receiv-
ing light including the measurement light
signals;

* acalibration device (50; 100; 200) for receiving
the probe and having an optical filter (102) ar-
ranged to transmit the measurement light sig-
nals;

* adetector (20) coupled to the receive fibers ar-
ranged to generate electrical signals represent-
ative of the light received at the receive fibers,
and

e a processor/controller (22) coupled to the de-
tector

characterized in that

* asource of calibration light signal (38) at a cal-
ibration detection wavelength which is different
than the measurement light wavelengths is in-
cluded, the one or more send fibers being cou-
pled to the source of calibration light for trans-
mitting the calibration light signal into tissue,
the one or more receive fibers being arranged
to receive the calibration light signal,

e the calibration device (50; 100; 200) being suit-
able for receiving the probe (12; 202), said cal-
ibration device having the optical filter (102) ar-
ranged to transmit the measurement light sig-
nals and to be optically opaque to the calibra-
tion light signals when the probe (12) is properly
positioned on the calibration device (50, 100,
200), and

» the processor/controller (22) being arranged
such as to perform a calibration procedure
when the receive light signal does not contain
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a significant component at the wavelength of
the calibration light signal.

The instrument of claim 1 wherein the processor/
controller automatically initiates the calibration pro-
cedure when the calibration light signal is not de-
tected.

The instrument of claim 1 wherein the processor/
controller initiates the calibration procedure only
when the calibration light signal is not detected.

The instrument of one of the claims 1-3 wherein the
calibration detection wavelength is shorter than the
measurement light wavelengths.

The instrument of one of the claims 1-3 wherein the
optical filter is a bandpass filter.

The instrument of one of the claims 1-3 wherein the
probe has separate measurement light signal send
fibers and calibration light signal send fibers.

The instrument of claim 6 wherein the end of the
calibration light signal send fiber is closer to the end
of the receive fiber than to the end of the measure-
ment light signal send fibers.

The instrument of one of the claims 1 to 7, charac-
terized in that the optical filter (102) comprises a
separate optical filter material provided in the cali-
bration device.

The instrument of one of the claims 1 to 7, charac-
terized in that the optical filter (102) comprises red
dye having suitable spectral properties, wherein the
red dye is incorporated into a scattering material
foam (108) of the calibration device.

Patentanspriiche

Spektroskopisches Instrument (10), umfassend:

e eine Quelle fur Messlichtsignale (30, 32, 34,
36), die Messlichtwellenlangen aufweist;

¢ eine Sonde (12), die aufweist:

- eine oder mehrere Sendefasern (40, 42,
44,46, 78), die an die Messlichtsignalquel-
le gekoppelt sind, um die Messlichtsignale
in das Gewebe zu Ubertragen,

- eine oder mehrere Empfangsfasern (48),
um Licht zu empfangen, einschlief3lich der
Messlichtsignale;

10

15

20

25

30

35

40

45

50

55

* ein Kalibrierungsgerat (50, 100, 200), um die
Sonde aufzunehmen, das einen optischen Fil-
ter (102) aufweist, der so angeordnet ist, dass
er die Messlichtsignale tbertragt;

e einen Detektor (20), der an die Empfangsfa-
sern gekoppeltist, so angeordnet, dass er elek-
trische Signale erzeugt, die das Licht, das in
den Empfangsfasern empfangen wird, darstel-
len, und

e einen Prozessor / eine Steuereinheit (22), der
/ die an den Detektor gekoppelt ist, dadurch
gekennzeichnet, dass

* er eine Kalibrierungslichtsignalquelle (38) mit
einer Kalibrierermittlungswellenldnge umfasst,
die sich von den Messlichtwellenlangen unter-
scheidet, wobei die eine oder mehreren Sen-
defaser(n) an die Kalibrierungslichtquelle ge-
koppelt sind, um das Kalibrierungslichtsignal in
das Gewebe zu Ubertragen, wobei die eine
oder mehreren Empfangsfasern so angeordnet
sind, dass sie das Kalibrierungslichtsignal
empfangen,

* das Kalibrierungsgerat (50, 100, 200) dafir ge-
eignet ist, die Sonde (12, 202) aufzunehmen,
wobei der optische Filter (102) des Kalibrie-
rungsgerats so angeordnetist, dass er die Mes-
slichtsignale Ubertragt und optisch undurchlas-
sig flr die Kalibrierungslichtsignale ist, wenn
die Sonde (12) richtig auf dem Kalibrierungsge-
rat (50, 100, 200) positioniert ist.

e der Prozessor/ die Steuereinheit (22) so ange-
ordnet ist, dass er/ sie einen Kalibrierungspro-
zess ausfiihrt, wenn das Empfangslichtsignal
keinen bedeutenden Anteil an der Wellenlange
des Kalibrierungslichtsignals umfasst.

Instrument nach Anspruch 1, wobei der Prozessor
/die Steuereinheit automatisch den Kalibrierungs-
prozess einleitet, wenn das Kalibrierungslichtsignal
nicht ermittelt wird.

Instrument nach Anspruch 1, wobei der Prozessor
/die Steuereinheit den Kalibrierungsprozess nur
dann einleitet, wenn das Kalibrierungslichtsignal
nicht ermittelt wird.

Instrument nach einem der Anspriiche 1 - 3, wobei
die Kalibrierermittlungswellenldnge kurzer ist als
die der Messlichtwellenléangen.

Instrument nach einem der Ansprliche 1 - 3, wobei
der optische Filter ein Bandpassfilter ist.
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6. Instrument nach einem der Anspriiche 1 - 3, wobei
die Sonde getrennte Messlichtsignalsendefasern
und Kalibrierungslichtsignalsendefasern aufweist.

7. Instrument nach Anspruch 6, wobei das Ende der
Kalibrierungslichtsignalfaser sich ndher an dem En-
de der Empfangsfaser als an dem Ende der Mes-
slichtsignalsendefasern befindet.

8. Instrument nach einem der Anspriiche 1 bis 7, da-
durch gekennzeichnet, dass der optische Filter
(102) ein getrenntes optisches Filtermaterial um-
fasst, das in dem Kalibrierungsgerat bereitgestellt
ist.

9. Instrument nach einem der Anspriiche 1 bis 7, da-
durch gekennzeichnet, dass der optische Filter
(102) roten Farbstoff umfasst, der geeignete spek-
trale Eigenschaften aufweist, wobei der rote Farb-
stoff in einen Schaum aus streuendem Material
(108) des Kalibrierungsgerats eingebunden wird.

Revendications

1. Un instrument spectrophotométrique  (10)
comprenant :

* une source de signaux lumineux de mesure
(30, 32, 34, 36) présentant des longueurs d'on-
de lumineuses de mesure ;

e une sonde (12) comprenant :

- une ou plusieurs fibres d'émission (40, 42,
44,46, 78) couplées a la source de signaux
lumineux de mesure pour la transmission
de signaux lumineux de mesure dans un
tissu,

- une ou plusieurs fibres de réception (48)
pour la réception de lumiére, y compris les
signaux lumineux de mesure ;

e un dispositif de calibration (50, 100, 200) rece-
vant la sonde et comprenant un filtre optique
(102) disposé de fagon a transmettre les si-
gnaux lumineux de mesure ;

e un détecteur (20) couplé aux fibres de récep-
tion, disposé de fagon a générer des signaux
électriques représentatifs de la lumiére regue
par les fibres de réception, et

* unprocesseur-contrdleur (22) couplé au détec-
teur

caractérisé en ce que
* une source de signaux lumineux de calibration

(38) est inclue, ayant une longueur d'onde de
reconnaissance de calibration différente des
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longueurs d'onde lumineuses de mesure, la ou
les fibres d'émission étant couplées ala source
lumineuse de calibration afin de transmettre le
signal lumineux de calibration dans un tissu, la
ou les fibres de réception étant disposées de
maniére a recevoir le signal lumineux de cali-
bration,

e le dispositif de calibration (50, 100, 200) étant
adapté a recevoir la sonde (12, 202), ledit dis-
positif de calibration comportant le filtre optique
(102) disposé de maniére a transmettre les si-
gnaux lumineux de mesure et a étre optique-
ment opaque aux signaux lumineux de calibra-
tion lorsque la sonde (12) est correctement po-
sitionnée sur le dispositif de calibration (50,
100, 200) et

e le processeur-contréleur (22) étant disposé de
fagon a effectuer une procédure de calibration
lorsque le signal lumineux de réception ne com-
porte pas une composante significative a la lon-
gueur d'onde de la lumiére de calibration.

L'instrument de la revendication 1 dans lequel le
processeur-controleur lance automatiquement la
procédure de calibration lorsque le signal lumineux
de calibration n'est pas détecté.

L'instrument de la revendication 1 dans lequel le
processeur-contréleur lance la procédure de cali-
bration uniquement lorsque le signal lumineux de
calibration n'est pas détecté.

L'instrument de I'une des revendications 1 a 3 dans
lequel la longueur d'onde de reconnaissance de ca-
libration est plus courte que les longueurs d'onde
de la lumiére de mesure.

L'instrument de I'une des revendications 1 a 3 dans
lequel le filtre optique est un filtre passe-bande.

L'instrument de I'une des revendications 1 a 3 dans
lequel la sonde comporte séparément des fibres
d'émission de signaux lumineux de mesure et des
fibres d'émission de signaux lumineux de calibra-
tion.

L'instrument de la revendication 6 dans lequel I'ex-
trémité de la fibre d'émission de signaux lumineux
de calibration est plus proche de I'extrémité de la
fibre de réception que de l'extrémité des fibres
d'émission de signaux lumineux de mesure.

L'instrument de I'une des revendications 1 a 7, ca-
ractérisé en ce que le filtre optique (102) com-
prend un matériau de filtrage optique séparé dispo-
sé dans le dispositif de calibration.

L'instrument de I'une des revendications 1 a 7, ca-
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ractérisé en ce que le filtre optique (102) com-
prend un colorant rouge ayant des propriétés spec-
trales appropriées, dans lequel le colorant rouge est
incorporé dans un matériau de diffusion sous forme
de mousse (108) du dispositif de calibration.
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