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APPARATUS FOR PERFORMING 
MULTIWAVELENGTH 

PHOTOPLETHYSMOGRAPHY 

FIELD OF THE INVENTION 

The present invention relates in general to systems for 
performing photoplethysmographic measurements and is 
particularly apt for use in pulse oximetry systems. 

BACKGROUND OF THE INVENTION 

Photoplethysmography is a measurement technique that 
uses light pulses from different portions of the electromag 
netic spectrum (i.e., relatively narroW band light pulses 
having different center Wavelengths) to quantitatively and 
noninvasively measure various blood analytes in a test 
subject. The measurement is based on the difference in the 
light transmittance of the various blood analytes (such as 
oxyhemoglobin and reduced hemoglobin) of the test subject 
at the different Wavelengths. One type of photoplethysmo 
graphic process, knoWn as pulse oximetry, is used to mea 
sure the oxygen saturation level of a person’s arterial blood. 
In a pulse oximetry system, pulses of light having different 
spectral contents and center Wavelengths are directed into 
the tissue under test, such as a ?nger or an earlobe. Trans 
mitted light pulses are then received on the other side of the 
tissue under test (or in the case of a re?ectance 
measurement, a small distance aWay on the same side) and 
are processed by the pulse oximetry system to determine the 
oxygen saturation level of the person’s arterial blood. 

Pulse oximetry systems generally include a main test unit 
housing, among other things, the control circuitry for the 
system; a probe unit for attaching to the appropriate tissue 
during a test; and signal transmission means for delivering 
signals betWeen the main test unit and the probe. The main 
test unit may comprise either a benchtop unit or a handheld 
unit and, as described above, generally includes the control 
circuitry for controlling the operation, timing, and display 
functions of the system. The main test unit may also include 
a display for displaying measurement results to a user, an 
input device alloWing a user to set various monitoring 
parameters, and an audible alarm for, among other things, 
Warning a user of potentially dangerous analyte levels. 

The probe unit generally comprises means for directing 
light from various emitters into the tissue under test and 
means for receiving transmitted light from the tissue. The 
probe may also include means for converting the transmitted 
light into an electrical signal for processing purposes. 
Because medical applications require the maintenance of 
hygienic conditions, it is often desirable that probes be 
disposable. Disposable probes should be relatively inexpen 
sive to produce. In addition, because a probe is in contact 
With a person’s skin during operation, it is important that the 
probe remain relatively cool during operation to prevent 
burns. Further, because the path a light signal takes through 
the tissue under test can affect the accuracy of the measure 
ment it is important that all light pulses be directed into the 
tissue from essentially a single point. Lastly, it is generally 
desirable that probes be relatively small and lightWeight so 
that they are easier to handle and remain in a ?xed position 
on the appendage throughout testing Without the tendency to 
fall off. 

The signal transmission means generally includes both 
means for delivering signals to the probe for use by the 
probe in directing light into the tissue under test and means 
for delivering a signal representative of the light transmitted 
through the tissue under test back to the main test unit. It is 
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2 
generally desirable that the signal transmission means be as 
lightWeight and ?exible as possible. Therefore, it is advan 
tageous to reduce the number of signal carriers in the signal 
transmission means. In addition, because the signal trans 
mission means must be replaced periodically, it is desirable 
that it be relatively inexpensive to produce. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
photoplethysmographic measurement system that utiliZes 
Wavelength division multiplexing (WDM) to deliver light 
pulses betWeen a main test unit and a probe. 

It is another object of the present invention to provide a 
photoplethysmographic measurement system that uses a 
single light guide to deliver light pulses from the main test 
unit to the probe. 

It is still another object of the present invention to provide 
a photoplethysmographic measurement system that provides 
accurate and reliable measurements While being relatively 
inexpensive to manufacture and operate. 

It is a further object of the present invention to provide a 
photoplethysmographic measurement system that uses a 
probe that is relatively inexpensive to manufacture and 
hence may be disposable. 

It is a further object of the present invention to achieve the 
above described objects in a photoplethysmographic mea 
surement system for determining a variety of arterial blood 
analytes. 
To achieve the above objectives, a system is provided that 

utiliZes Wavelength division multiplexing to combine the 
output signals from multiple light sources (i.e., emitters) into 
a single multiplexed signal. Thereafter, a single optical 
transmission line, such as a ?ber optic cable, a ?ber bundle, 
or other light guiding means may be utiliZed betWeen the 
main test unit and the probe to deliver all light pulses to the 
probe, regardless of the number of light sources being used. 
In addition, because all of the light pulses exist on a single 
transmission line, the light pulses may be directed from the 
probe into the tissue under test from a single point source, 
thereby eliminating measurement errors due to differing 
optical paths. Further, because the light sources are included 
in the main test unit, rather than the probe, the probe may be 
relatively lightWeight, is not prone to heating, and is rela 
tively inexpensive to produce, alloWing it to be disposable. 

In accordance With one aspect of the present invention, a 
photoplethysmographic measurement apparatus is provided 
having: a plurality of separate emitters, Wherein each emitter 
produces a light signal having a unique spectral content; 
means for combining the light signals from the plurality of 
emitters into a single light signal; means for delivering the 
single light signal to the tissue so that the single light signal 
is directed into the tissue; means for receiving a transmitted 
light signal from the tissue, the transmitted light signal 
resulting from the transmission of the single light signal 
through the tissue; and means for processing the transmitted 
light signal to determine one or more blood analyte levels in 
the tissue. 

In one embodiment, the combining means includes a 
coupler for coupling the output signals from the plurality of 
emitters onto a single output line, using Wavelength division 
multiplexing (WDM). In addition, as in most modern pulse 
oximeters, the emitters are time division multiplexed. Thus 
the output line of the Wavelength division multiplexed 
coupler is actually carrying the light from only one emitter 
at any one point in time. It should be noted that time division 
multiplexing of the emitters is not a requirement but has 
been found to simplify the design. 
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The plurality of separate emitters includes multiple sepa 
rate light sources, such as light emitting diodes (LEDs) and 
laser diodes. In general, the signal delivery means includes 
a single input/single output light guide such as a single 
optical ?ber, a single ?ber bundle, or other type of light 
guiding means. The single input/single output light guide 
delivers light to a probe head Which couples the light into the 
tissue under test. The probe head can also include detection 
means for converting the light signal transmitted through the 
tissue under test into an electrical signal. In one 
embodiment, the plurality of emitters and the combining 
unit are included in a housing, such as a bench top test unit 
or a handheld unit. The housing may also include means for 
communicating measurement results to users and means for 
receiving commands from users. The probe head is physi 
cally separated from the housing With the single input/single 
output light guide connecting them. 

In another aspect of the present invention, a method is 
provided for photoplethysmographically measuring one or 
more arterial blood analytes. The method includes: provid 
ing a plurality of separate light signals, each light signal 
including a spectral content having a unique center fre 
quency; combining the plurality of separate light signals into 
a single light signal; delivering, after the step of combining, 
the single light signal to the tissue so that the single light 
signal is directed into the tissue; detecting a transmitted light 
signal from the tissue; and processing the transmitted light 
signal to determine a blood analyte level for the tissue. 

As described above, the plurality of separate light signals 
can be produced by a plurality of separate emitters. The step 
of combining can include performing Wavelength division 
multiplexing of the light signals. Because the separate light 
signals have been combined into a single signal, they can be 
delivered to the tissue under test using a single light guide, 
as described above. 

In yet another aspect of the present invention, a photop 
lethysmographic measurement apparatus for measuring a 
blood analyte level in a tissue under test is provided. The 
apparatus includes: a plurality of emitters, Wherein each 
device produces a light signal having a unique spectral 
content; a Wavelength division multiplexing (WDM) cou 
pler for combining the light signals from the plurality of 
emitters into a single light signal, Wherein the WDM coupler 
is capable of simultaneously receiving multiple light pulses 
having unique spectral contents and simultaneously cou 
pling the multiple light pulses onto a single light guide 
resulting in a single light pulse on the light guide that 
contains the spectral contents of all of the multiple light 
pulses; means for delivering the single light signal to the 
tissue so that the single light signal is directed into the tissue; 
means for receiving a transmitted light signal from the 
tissue, the transmitted light signal resulting from the trans 
mission of the single light signal through the tissue; and 
means for processing the transmitted light signal to deter 
mine a blood analyte level in the tissue. 

The plurality of emitters can include, as described above, 
multiple separate light sources, such as light emitting diodes 
(LEDs) and laser diodes. Alternatively, the plurality of 
emitters can comprise one or more broadband light sources, 
such as a tungsten lamp, used With narroWband interference 
?lters to generate multiple narroWband light signals. 

The WDM coupler is capable of simultaneously coupling 
multiple light pulses having different spectral contents onto 
a single light guide. That is, the WDM coupler is capable of 
producing a Wavelength multiplexed pulse on the single 
light guide that includes the spectral contents of all of the 
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multiple light pulses. In this regard, the WDM coupler can 
include any of a number of coupler types, such as those 
using lenses, prisms, interference ?lters, diffraction gratings, 
or butt coupling. In addition, active WDM couplers can also 
be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a pulse oximetry 
system in accordance With one embodiment of the present 
invention; 

FIGS. 2A and 2B are a front vieW and a side vieW, 
respectively, of a butt coupler in accordance With the present 
invention; and 

FIG. 3 is a diagram illustrating a 4 to 1 coupler arrange 
ment in accordance With one embodiment of the present 
invention. 

DETAILED DESCRIPTION 

The present invention relates to a system for performing 
photoplethysmographic measurements using Wavelength 
division multiplexing. The system is relatively inexpensive 
to produce and is capable of ef?ciently and accurately 
performing photoplethysmographic measurements. The sys 
tem uses Wavelength division multiplexing (WDM) to com 
bine the light signals from multiple light sources in a main 
test unit into a single multiplexed signal before the signal is 
delivered to the probe. The multiplexed signal may then be 
delivered to the probe over a single optical line, such as a 
single ?ber optic cable, a single ?ber bundle, or any other 
single light guide. 

In one embodiment, as illustrated in FIG. 1, the invention 
is implemented in a pulse oximetry system 10. The system 
10 comprises: a main test unit 12, a probe 14, and a probe 
cable 16. During a measurement, the probe 14 is ?rst 
attached to an appropriate appendage of a person being 
tested, such as ?nger 36 illustrated in FIG. 1. Light pulses 
are then delivered from the main test unit 12 to the probe 14 
via a single optical transmission line in the probe cable 16. 
The light pulses are then directed into the ?nger 36, travel 
through the ?nger 36, and emerge on the other side of the 
?nger 36 Where they are received by a light pick up device 
38. The received light pulses may then be delivered back to 
the main test unit 12, via probe cable 16, Where they are 
processed to determine the level of one or more blood 
analytes in the person’s arterial blood. Processing methods 
to determine the blood analyte levels are knoWn and, 
therefore, Will not be discussed further. It should be 
understood, hoWever, that the bene?ts of the present inven 
tion are independent of the precise method used to measure 
the analyte levels and, therefore, the invention may be used 
With virtually any processing method, Whether currently 
knoWn or developed in the future. 

Before the light pulses are processed, it is generally 
required that they be converted to electrical form. This 
conversion may be performed in the probe, in Which case the 
probe cable includes a thin electrical conductor for carrying 
the electrical signal back to the main test unit, or it may be 
performed in the main test unit 12, in Which case the light 
signals are delivered back over the same or a different light 
transmission line in the probe cable. 
The main test unit 12 includes: an emitter module 18 

having a plurality of emitters 20, each capable of producing 
a light signal having a unique spectral content; a plurality of 
optical cables 21 each coupled to a single emitter source for 
carrying the corresponding light signal; an optical coupler 
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22 for coupling light signals from each of the plurality of 
cables 21 to a single output cable 24; a front panel connector 
26 for use in coupling the probe cable 16 to the main test unit 
12; a processor unit 28 for performing processing and 
control functions; a display unit 30 for displaying measure 
ment values to a user; a speaker 32 for providing audible 
tones to the user; and an input device 34, such as a keypad 
or a touch screen, for alloWing the user to input commands 
and other information to the processor unit 28. 

During operation, the processor unit 28 receives user 
commands from the input device 34. The processor unit 28 
then carries out the commands by controlling the other 
components in the system 10. For example, the processor 
unit 28 may receive a command from a user to set alarm 
limits or to silence an alarm. 

To perform an oxygen saturation measurement, the pro 
cessor unit 28 sends a signal to the emitter unit 18 causing 
the emitters 20 to produce their corresponding light signals. 
The emitters 20 may include, for example, laser diodes or 
light emitting diodes (LEDs). In addition, in one embodi 
ment of the invention, the plurality of emitters includes one 
or more broadband light sources and appropriate ?ltering 
means. As used herein, the term “light emitting diode” 
includes both infrared emitting diodes and ultraviolet emit 
ting diodes. The light signals are combined in the optical 
coupler 22 into a single multiplexed light signal on output 
cable 24. Output cable 24 delivers the multiplexed signal to 
front panel connector 26 from Which it is launched onto a 
single optical light guide Within probe cable 16. Probe cable 
16 delivers the multiplexed light signal to the probe 14, from 
Which it is directed into the test subject’s ?nger 36. After the 
multiplexed light signal has been transmitted through the 
?nger 36, it is returned to the main test unit 12 via probe 
cable 16 in either optical or electrical form. 

To perform photoplethysmographic measurements, light 
sources must be used that are each capable of producing 
relatively narroW band light having a unique spectral con 
tent. As described above, some light sources capable of 
performing this function are, for example, light emitting 
diodes and laser diodes. It is also possible to use a single 
broadband light source in combination With a number of 
narroW band ?lters, although this technique has a number of 
distinct disadvantages Which make it a suboptimal solution. 

The optical coupler 22 may comprise any type of device 
capable of receiving individual light signals from multiple 
sources and combining them into a single multiplexed 
signal. In this regard, any of a number of different types of 
Wavelength division multiplexing (WDM) couplers may be 
used, such as WDM couplers using lenses, prisms, interfer 
ence ?lters, diffraction gratings, or butt coupling. Also, 
active WDM couplers can be used, such as those including 
cascaded or parallel emitters on a single substrate. Wave 
length division multiplexing refers to any method Whereby 
multiple light signals having unique and substantially non 
overlapping spectral contents are coupled onto a common 
light guide. The individual components of the multiplexed 
signal can then be separated back out by any of a number of 
methods. 

In accordance With the present invention, time division 
multiplexing (TDM) may also be used in creating the single 
multiplexed light signal. Time division multiplexing refers 
to a technique Where multiple signals are alloWed to share a 
common transmission means by assigning a unique time slot 
or channel to each signal. In the present system, TDM can 
be implemented by appropriately timing the pulsing of the 
individual light sources in the plurality of light sources 20. 
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6 
Separation of the signals from the multiplexed signal may be 
accomplished by simply recogniZing the individual time 
slots. 

In one embodiment of the present invention, simple butt 
coupling is utiliZed in optical coupler 22. As illustrated in 
FIGS. 2A and 2B, butt coupling comprises butting the ends 
of each of the plurality of optical cables 21 against the end 
of the output cable 24. In practice, the smaller diameter 
cables can be simply held against the end of the larger 
diameter cable using a mechanical ?xture or they can be 
attached to the larger diameter cable through fusion splicing 
or adhesive. Butt couplers, such as the one illustrated in 
FIGS. 4A and 4B, are generally commercially available. 
One such device, identi?ed as part number US-230, is 
manufactured by Advanced Custom Application, Inc. 

Butt coupling is a preferred coupling method in the 
present invention because it alloWs additional input cables to 
be coupled into the optical circuit relatively easily. For 
example, if it is determined that another light source is to be 
added to the system 10 to increase the measurement accu 
racy of the system 10 or to enable the detection of an 
additional blood component, the input cable from the neW 
light source can be spliced right into the original butt 
coupler. Even if no room exists on the end of the output 
cable 24 for the neW input cable, the neW cable can be fusion 
spliced (i.e., melted into) the original coupling using an 
electric arc or laser fusion Welder. Although this technique 
may lead to unWanted insertion loss being added into the 
optical circuit, it is a relatively inexpensive method of 
retro?tting an existing system and does not signi?cantly 
degrade system performance. 
The front panel connector 26 alloWs the probe cable 16 to 

be easily removed for storage, transport, or replacement 
purposes. These types of connectors are commercially avail 
able and are usually relatively loW-loss. FIG. 3 is a diagram 
illustrating an emitter coupler con?guration in accordance 
With one embodiment of the present invention. The con?gu 
ration includes a plurality of laser diodes 42, a plurality of 
device mounts 44, and coupler unit 46, and a front panel 
connector 48. The laser diodes 42 each include multiple 
input leads for inputting electrical control signals. The 
device mounts 44 are each adapted to receive a single laser 
diode 42 and to align the diode With a multimode connector 
50 in the coupler unit 46. The device mounts 44 are 
generally available off the shelf, such as part number 
501474-1 manufactured by Amp. The multimode connectors 
50 feed a plurality of input optical ?bers 52 that are coupled 
into a single output ?ber 54. The output ?ber 54 is coupled 
to another multimode connector 56 that is removably insert 
able into the front panel connector 48 for alignment With an 
external probe cable. In a preferred embodiment, the input 
optical ?bers 52 are 125/140 um ?bers and the output optical 
?ber is a 400/500 um ?ber. The front panel connector can 
include, for example, part number 501381-1 manufactured 
by Amp. 
As described above, probe cable 16 includes a single light 

guide for delivering the multiplexed light signal to the probe 
14. The optical light guide may include, for example, a 
single ?ber optic cable, a ?ber bundle or any other type of 
light guide. A ?ber bundle consists of a multitude of small 
diameter ?bers bundled together to form a single transmis 
sion line. Fiber bundles are generally more ?exible than 
single cables having similar dimensions. In addition, ?ber 
bundles may include a large diameter “core”, although this 
generally results in a large loss in ?exibility. The term “light 
guide” refers to any type of optical transmission line includ 
ing: ?ber optic cables, ?ber bundles, plastic ?bers, plexi 
glass guides, and liquid core light guides. 
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In addition to the optical light guide that carries the light 
pulses to the probe 14, the probe cable 16 must also provide 
a path for the transmitted light pulses to travel back to the 
main test unit 12, for processing by the processor unit 28. As 
described above, the transmitted light pulses may be deliv 
ered back optically or electrically. If electrical transmission 
is used, the probe cable 16 includes conductive means, such 
as thin Wires, for carrying the electrical signal. If optical 
transmission is used, the probe cable 16 may include a 
second optical light guide for transferring the transmitted 
pulses. 

The probe 14 includes means for directing the multi 
plexed light signal into the tissue under test (i.e., ?nger 36). 
In its simplest form, the means for directing consists of a 
structure for holding an end of the appropriate optical light 
guide adjacent to ?nger 36 While the probe 14 is properly 
positioned on the ?nger 36. For example, if the optical light 
guide is a ?ber optic cable, the probe 14 can include 
mechanical ?xturing for holding the cable so that an end of 
the cable is substantially ?ush With the base of the ?ngernail 
of the ?nger 36 and so that the light is directed into the 
?nger. In one embodiment of this invention the light guide 
is actually brought into the probe parallel to the long axis of 
the ?nger and a miniature mirror is used to re?ect the light 
90 degrees doWn into the ?nger. 

The probe 14 also includes means for receiving the 
multiplexed light signal after it has been transmitted through 
the ?nger 36. In one embodiment, the means for receiving 
may include a photodetector, such as a pin or avalanche 
photodiode, for detecting the transmitted light signal and for 
converting it to an electrical signal. In another embodiment, 
the means for receiving may include means for coupling the 
transmitted light signal into the end of a return optical light 
guide. In one embodiment, this is accomplished by simply 
holding an end of the return cable against an opposite side 
of the ?nger 36. Because the functions performed by the 
probe 14 are not structurally demanding, the probe 14 can be 
constructed of a relatively lightWeight, inexpensive material, 
such as plastics or cloth. In addition, because the probe 14 
does not include any light sources, it can be relatively small 
in siZe, does not necessarily have to include heat shielding, 
and can potentially be inexpensive to manufacture. 

Although the present invention has been described in 
conjunction With a preferred embodiment, it is to be under 
stood that modi?cations and variations may be resorted to 
Without departing from the spirit and scope of the invention 
as those skilled in the art readily understand. Such modi? 
cations and variations are considered to be Within the 
purvieW and scope of the invention and the appended claims. 
What is claimed is: 
1. A photoplethysmographic measurement apparatus for 

measuring a blood analyte level in a tissue under test, 
comprising: 

a plurality of separate emitters, Wherein each emitter 
produces a light signal having 

a unique spectral content and comprises one of the 
folloWing: a laser diode and a light emitting diode 

(LED); 
a plurality of ?ber optical elements, each of said elements 

being associated With one of said emitters so as to carry 
a corresponding one of said light signals; 

coupling means, associated With each of said plurality of 
?ber optical elements, for optically coupling each of 
said elements With a corresponding one of said 
emitters, each said coupling means comprising axial 
alignment means for engaging an end portion of one of 
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said ?bers such that an end of said ?ber is disposed in 
close proximity to and in axial alignment With a cor 
responding one of said emitters such that a light signal 
transmitted by said corresponding one of said emitters 
is ef?ciently conveyed into said ?ber: 

means for combining said light signals carried by said 
plurality of elements into a single light signal, said 
means for combining including means for performing 
Wavelength division multiplexing (WDM); 

means for delivering said single light signal to the tissue 
so that said single light signal is directed onto the 
tissue; 

means for receiving a transmitted light signal from the 
tissue, said transmitted light signal resulting from the 
transmission of said single light signal through said 
tissue; and 

means for processing said transmitted light signal to 
determine a blood analyte level in the tissue. 

2. The apparatus, as claimed in claim 1, Wherein: 
said means for combining includes means for receiving 

said light signals from said plurality of emitters and 
means for coupling said light signals onto a single light 
guide. 

3. The apparatus, as claimed in claim 1, Wherein: 
said means for performing Wavelength division multi 

plexing includes a WDM coupler. 
4. The apparatus, as claimed in claim 3, Wherein: 
said WDM coupler includes at least one of the folloWing: 

a butt coupling, a lens, a prism, and a diffraction 
grating. 

5. The apparatus, as claimed in claim 1, Wherein said 
means for delivering includes a single light guide for deliv 
ering said single light signal to the tissue. 

6. The apparatus, as claimed in claim 5, Wherein: 
said single light guide includes one of the folloWing: 

a single optical ?ber, a single optical ?ber bundle, a 
single plastic ?ber, a single plexiglass guide, and a 
single liquid core guide. 

7. The apparatus, as claimed in claim 5, Wherein: 
said means for delivering includes a probe head, coupled 

to a distal end of said single light guide and removably 
attachable to the tissue for holding said distal end of 
said single light guide in a relatively ?xed position With 
respect to said tissue during a measurement. 

8. The apparatus, as claimed in claim 7, further compris 
ing: 

a housing carrying said plurality of emitters and said 
means for combining, Wherein said probe head is 
physically separate from said housing and said single 
light guide extends betWeen said housing and said 
probe head. 

9. The apparatus, as claimed in claim 1, Wherein; 
said blood analyte level includes an oxygen saturation 

level in said living tissue. 
10. The apparatus, as claimed in claim 1, Wherein: said 

blood analyte level includes the concentration of oxyhemo 
globin and carboxyhemoglobin. 

11. The apparatus, as claimed in claim 1, Wherein: 
said blood analyte level includes the concentration of 

oxyhemoglobin, carboxyhemoglobin, and methemo 
globin. 

12. A photoplethysmographic measurement apparatus for 
measuring a blood analyte level in a tissue under test, 
comprising: 

a plurality of emitters, Wherein each emitter produces a 
light signal having a unique spectral content; 
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a plurality of light guides associated With said plurality of 
emitters and having a light guide for each of said 
plurality of emitters for receiving and carrying a cor 
responding light signal; 

coupling means for receiving said plurality of emitters 
and for axially aligning each of said plurality of emit 
ters With a corresponding one of said plurality of light 
guides such that an end of each of said light guides is 
disposed in close proximity to and in axial alignment 
With a corresponding one of said plurality of emitters, 
Wherein light is ef?ciently communicated betWeen said 
emitters and said light guides; 

Wavelength division multiplexing (WDM) coupler, 
coupled to said plurality of light guides, for receiving 
said light signals from said light guides and combining 
said light signals into a single light signal; 

means for delivering said single light signal to the tissue 
so that said single light signal is directed into the tissue; 

means for receiving a transmitted light signal from the 
tissue, said transmitted light signal resulting from the 
transmission of said single light signal through said 
tissue; and 

means for processing said transmitted light signal to 
determine a blood analyte level in the tissue. 

13. The apparatus, as claimed in claim 12, Wherein: 

said plurality of light guides includes at least one of the 
folloWing: an optical ?ber and a ?ber bundle. 

14. The apparatus, as claimed in claim 13, Wherein: 

said plurality of light guides includes a separate light 
guide for each of said plurality of emitters. 

15. A photoplethysmographic measurement apparatus for 
measuring a blood analyte level in a tissue under test, 
comprising: 

a plurality of emitters, Wherein each emitter produces a 
light signal having a unique spectral content; 

a Wavelength division multiplexing (WDM) coupler, 
coupled to said plurality of emitters, for receiving said 
light signals from said emitters and combining said 
light signals into a single light signal, Wherein said 
WDM coupler includes a butt coupling for coupling a 
plurality of light guides into a single light guide; 

means for delivering said single light signal to the tissue 
so that said single light signal is directed into the tissue; 

means for receiving a transmitted light signal from the 
tissue, said transmitted light signal resulting from the 
transmission of said single light signal through said 
tissue; and 
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means for processing said transmitted light signal to 

determine a blood analyte level in the tissue. 
16. A photoplethysmographic measurement apparatus for 

measuring a blood analyte level in a patient, comprising: 

a plurality of individual light sources, each light source 
producing an optical output signal having a unique 
spectral content; 

a plurality of light guides for receiving said plurality of 
optical output signals; 

source coupling means, associated With each of said 
plurality of light guides, for optically coupling each of 
said light guides With a corresponding one of said 
sources, each said source coupling means comprising 
axial alignment means for engaging an end portion of 
one of said light guides such that an end of said light 
guide is in close proximity to and in axial alignment 
With a corresponding one of said sources such that a 
light signal transmitted by said corresponding one of 
said sources is ef?ciently conveyed into said light 
guide: 

a coupler, associated With said plurality of light guides, 
for combining said optical output signals from said 
plurality of light sources, using Wavelength division 
multiplexing, to create a multiplexed optical signal; 

a probe, capable of being removably coupled to an 
appendage on the patient, for facilitating the transmis 
sion of said multiplexed optical signal into said append 
age on the patient; 

a single input/single output light guide for delivering said 
multiplexed optical signal from said coupler to said 
probe; 

detection means, coupled to said probe, for detecting said 
multiplexed optical signal after said multiplexed opti 
cal signal has been transmitted through said appendage 
and for converting said multiplexed optical signal to an 
electrical signal; and 

processing means, coupled to said detection means, for 
processing said electrical signal to determine a com 
position measurement value; 

Wherein said plurality of individual light sources, said 
coupler, and said processing means are located Within 
a housing, separate from said probe, and said light 
guides extend betWeen said housing and said probe. 

* * * * * 
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