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interface. The pulse oXimeter signal processor is tested 
separately from the probe, and still further, the optical 
elements, that is, the LEDs and the photodiode, of the probe 
are tested separately from the probe cable. With the probe 
disconnected from the oXimeter, a modulated electrical test 
signal representative of SpO2 values and other parameters is 
generated in response to an electrical signal from the 
oXimeter, and the test signal is applied to the oXimeter signal 
processor, Whereby the display of the oXimeter shoWs a 
value of SpO2 Which is compared With the SpO2 value 
represented by the test signal. Independently, the probe 
including the probe cable, the LEDs and the photodiode are 
respectively and separately subjected to continuity and opti 
cal sensitivity tests. Each of the main components of the 
oXimeter is thereby separately analyzed, and the source of a 
defect is isolated. 
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PULSE OXIMETRY TESTING 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of the ?rst and this 
reissue speci?cation; matter printed in italics indicates 
the additions made by the ?rst reissue. Matter enclosed 
in double heavy brackets appears in the ?rst 
reissue patent but forms no part of this reissue speci? 
cation; matter printed in bold face indicates the addi 
tions made by this reissue. 

This application is a REISSUE of Sen No. 08/962,149 
?led Oct. 31, 1997 US. Pat. No. 5,783,821, which is a 
continuation of application Ser. No. 08/556,749, ?led Nov. 
2, 1995, noW abandoned. 

FIELD OF THE INVENTION 

This invention pertains to pulse oximeter testing and more 
particularly to a method and apparatus for testing pulse 
oximeters. 

BACKGROUND 

Pulse oximeters are commonly used in hospitals and other 
patient-care facilities for monitoring the blood oxygen level 
of a patient in a non-invasive, continuous manner. The basis 
of operation of these instruments is the fact that blood 
absorbs red (R) and infrared (IR) light in different amounts 
depending on the level of oxygen in the blood (SpO2) and 
that a knoWn relationship exists betWeen the ratio of red to 
infrared light (R/IR) and blood oxygen level (SpOZ). 

Thus, a pulse oximeter functions by detecting the amount 
of red and infrared light transmitted through a part of the 
body, usually a ?nger, to establish the R/IR ratio. It then 
compares this ratio With an internally stored database giving 
the relationship betWeen R/IR ratios and SpO2 levels, deter 
mines the SpO2 level for the detected ratio, and displays the 
SpO2 value. Pulse rate and other parameters may also be 
detected and displayed. 

The popular pulse oximeters provide an optical sensor, 
typically called a probe, Which is an alligator- or clamshell 
clip that clamps on the index ?nger of a patient. One jaW of 
the probe clip contains red and infrared light-emitting diodes 
(LEDs), and the other jaW contains a light-detector such as 
a photodiode. The probe cable is connected to the main unit 
or instrument of the oximeter. Certain of the conductors in 
the cable connect the LEDs to a driver circuit in the 
instrument Which produces a signal to activate the LEDs, 
and other conductors connect the photodiode to an ampli?er 
for amplifying the small signal generated by the photodiode 
When light is transmitted through a ?nger and for transmit 
ting it to the signal processor of the oximeter. 

Like any instrument for monitoring physiological 
functions, a pulse oximeter needs to be tested on a regular 
basis to determine if it is providing accurate readings. 
Although test equipment has been developed for testing the 
accuracy of pulse oximeters, such equipment has been based 
on a particular testing philosophy Which imposes certain 
undesirable limitations on the test results. This philosophy is 
to provide a simulated ?nger, clamp this “?nger” in the 
oximeter probe, operate the oximeter to test the simulated 
?nger just as if it Were a real ?nger, and determine if the 
display provides a reading consistent With the simulation. 
An example of this testing approach is disclosed in the 
Merrick et al. US. Pat. No. 5,348,005. In this patented 
device, the arti?cial ?nger is a long, narroW, ?nger-shaped 
object made of steel and having slots on opposite sides 
respectively receiving an LED bar and a pair of photodiode 
detectors. To test an oximeter, the Merrick et al. arti?cial 
?nger is placed in the oximeter probe, and the oximeter is 
operated just as if it Were monitoring a human subject. That 
is, the red and IR LEDs of the oximeter emit ?ashes of light 
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2 
that are detected in the “?nger” by the photodiodes Which 
convert the light pulses into electrical pulses. These pulses 
are modulated in the tester to provide signals Which simulate 
the signals that Would be developed from a human ?nger. 
The modulated electrical signals are then transmitted to the 
LEDs in the arti?cial ?nger Which converts them to light 
?ashes that activate the photodiode in the oximeter probe. 
Thus, the arti?cial ?nger is an optical interface betWeen the 
oximeter under test and the test equipment. 

The described testing approach is certainly the straight 
forWard approach in that it simply replaces a real ?nger With 
an arti?cial ?nger and alloWs the oximeter to be used for the 
test in a manner similar to its use in monitoring a patient. 
The only difference appears to be the use of an electro 
optical ?nger instead of a real ?nger. Such an approach, 
hoWever, has not proved to be fully effective since the 
reliability of the testing can be compromised or indetermi 
nate and desired testing ?exibility is lacking, as hereinafter 
explained. 

First, the testing accuracy of an oximeter tester using an 
optical interface, as described above, depends on proper 
placement of the simulated ?nger in the probe to alloW the 
optical elements to interact properly. With a human ?nger, 
exact placement of the ?nger in the probe is not critical since 
the entire circumference of a ?nger presents human tissue to 
the LEDs. With an arti?cial ?nger, hoWever, the photodiodes 
and the LEDs in the arti?cial ?nger must be placed exactly 
opposite the LEDs and photodiode, respectively, of the 
probe or else the light ?ashes Will not be detected by the 
photodiodes. Thus, if this placement is not exact, inaccurate 
readings Will occur. 

Before discussing other de?ciencies of oximeter test 
equipment employing an optical interface, it is important 
initially to understand the construction of commonly used 
oximeter cables and their normal use in a hospital. The cable 
referred to in one popular brand of oximeter is actually tWo 
cables, namely, a preamp cable and a probe cable. Although 
interconnected, these tWo cables are of different construc 
tion; the preamp cable is relatively strong and durable, 
Whereas the probe cable is not as strong or durable. The 
preamp cable is a thicker, somewhat ?exible, heavy duty 
cable, usually about 12 feet long, Whereas the probe cable is 
a thinner, very ?exible, lightweight cable, usually about 3 
feet long. Whether or not the oximeter has a preamp cable, 
extension cables (also referred to as patient cables) are often 
provided and for the purpose of the present invention are 
equivalent to a preamp cable. In referring to the preamp 
cable hereinafter, it Will be understood that such an exten 
sion cable is included. 

The preamp cable is normally attached to and kept With its 
oximeter instrument as the latter is moved about the hospital, 
Whereas the probe cable is normally kept separate from the 
oximeter instrument and is not associated With any particular 
instrument since it can be attached to any instrument of the 
same manufacture. The probe cable may even be a dispos 
able item. 

In a hospital room, the preamp cable is long enough to 
serve as an extension cord so that the oximeter instrument 

can be placed in a convenient position and the preamp cable 
stretched to the bedside of the patient. In contrast, the probe 
cable is clamped to the bed or bedclothes of the patient’s bed 
and coupled to the preamp cable. The probe cable is made 
light and ?exible so that it moves easily and folds as the 
patient moves about and is less of an annoyance to the 
patient. Thus, probe cables can easily fall on the ?oor by the 
bedside and be subjected to abuse. Moreover, they are 
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normally folded, Wound, or otherwise compressed and 
stored in a drawer, sometimes rather haphaZardly. 

Because of the described construction, use and treatment 
of probe cables and their probes, they are very vulnerable to 
damage and defects. Field studies With hospital biomedical 
technicians have shoWn that the majority of oXimeter defects 
have been probe defects and that these defects are caused by 
frayed probe cable Wires, that is, breaks or shorts, many of 
Which occur intermittently. Compounding this problem is 
the fact that as indicated above, speci?c oXimeter probes are 
not paired With speci?c oXimeter instruments, that is, the 
probes are interchangeable among different oXimeters and as 
stated above, the entire probe including the cable and the 
clip may be disposable. 

Using the above described testing approach With an 
optical interface, i.e., inserting an arti?cial ?nger in the 
clamshell probe of the pulse oXimeter, the testing device 
performs the test through the probe cable, that is, With the 
probe cable connected to the preamp cable, just as if the 
oXimeter Were being used on a human patient. If there is a 
defect in the probe cable, this testing approach may miss it 
or fail to isolate it. 

For eXample, if the probe cable has frayed Wires, front end 
circuitry in the oXimeter may ?lter out the noise spikes 
caused by the fraying, and the display Will indicate normal 
functioning, Whereas in fact the probe cable is damaged and 
may later fail completely at a critical time. Moreover, if the 
display on the tester indicates an erroneous reading, it may 
not be possible to determine if the problem is in the probe 
including the probe cable, or in the signal processing cir 
cuitry. Furthermore, if the source of the problem is suspected 
to be in the probe, the tester provides no Way of separately 
testing the probe cable and optics on the one hand, and the 
signal processing circuitry on the other hand, to isolate the 
problem area. 

Thus, testing the oXimeter as an integral entity, i.e., the 
probe and signal processing circuitry together, as the optical 
interface approach requires, does not afford an unquali?ed 
independent assessment of these main parts, and especially 
of the parts most likely to fail. In fact, this testing method 
ology may introduce other problems as explained above. In 
contrast, the oXimeter testing approach of the present inven 
tion differs from optical interface concept described above 
and, as a result, avoids the resultant problems. 

SUMMARY 

Pulse oXimeter testing according to the present invention 
is based on the concept of an electrical interface betWeen the 
testing instrument and the pulse oXimeter rather than an 
optical interface. Thus, the subject method and apparatus 
involve testing a pulse oXimeter signal processor separately 
from the probe, and still further, testing the continuity of the 
probe, particularly the probe cable, separately from the 
sensitivity of optical elements of the probe. 

For testing according to the present invention, the probe 
is disconnected from the pulse oXimeter. Then, a modulated 
electrical test signal representative of blood oXygen satura 
tion values is generated in response to the electrical LED 
drive signal from the oXimeter and is electrically applied to 
the oXimeter signal processor. This signal causes the display 
of the oXimeter to shoW a value of blood oXygen saturation 
Which is compared With the saturation values represented by 
the test signal. Other parameters, such as pulse rate and pulse 
amplitude, may also be tested. Independently of the signal 
processor test, but simultaneously thereWith if necessary, the 
probe is subjected to continuity and sensitivity tests and the 
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4 
results displayed. In this manner, each of the main compo 
nents of the pulse oXimeter is separately analyZed, and the 
source of a defect, if any, is isolated. 

An object of the present invention is to test and verify the 
basic operation of pulse oXimeters used in hospitals and 
other patient care facilities. 

It is another object to test pulse oXimeters in a more 
ef?cient, effective, safe, and reliable manner than heretofore 
knoWn. 

Another object of the subject invention is to avoid the 
errors Which may be introduced into the testing of a pulse 
oXimeter When the oXimeter is tested by clamping its probe 
onto a simulated ?nger containing optical elements, thus 
requiring precise positioning of the simulated ?nger in the 
probe. 

Another object is to use an electrical, instead of an optical, 
interface betWeen the pulse oXimeter and an instrument for 
testing the oXimeter. 
A still further object is to be able to test the main 

components of a pulse oXimeter, namely, the oXimeter 
electronic unit and the optical sensor, separately from each 
other. 

Yet another object is to test a pulse oXimeter so as to 
isolate the source of defects among the main parts of the 
oXimeter. 

Still another object is to facilitate testing both the conti 
nuity of the probe and the optical functions of the probe 
independently of each other and of the signal processing 
circuitry of a pulse oXimeter. 

Another object is to eliminate doubts about the integrity 
of testing a pulse oXimeter Which tests good although its 
probe cable may have a emerging discontinuity causing 
intermittent noise spikes Which are ?ltered out by the 
oXimetry circuitry but Which could eventually degrade and 
cause inaccurate or no readings during critical use of the 
oXimeter. 

A further object is to be able to test oXimeter probes, 
Which are interchangeable among different oXimeters, inde 
pendently of the main oXimeter test instrument. 

Astill further object is to be able to test an oXimeter probe, 
Which are the source of most of the defects in an pulse 
oXimeter. 

An additional object is to display Waveforms representa 
tive of the tests performed on the continuity of the probe of 
a pulse oXimeter and on sensitivity of the optical elements of 
the probe alone While at the same time displaying digital 
readouts of blood oXygen level, pulse rate and other param 
eters being tested. 

Yet another object is to provide an apparatus for testing a 
pulse oXimeter Which is able to test the most commonly used 
pulse oXimeters. 
A still further object is to simplify the task of biomedical 

equipment technicians and other trained healthcare person 
nel in testing the basic operation of pulse oXimeters used in 
hospitals and other patient-care facilities. 

Another object is to be able to subject a pulse oXimeter to 
a manually or automatically controlled sequence of test 
signals including predetermined combinations of blood oXy 
gen saturation and other parameters, such as pulse rate and 
pulse amplitude, representing either arbitrary test values or 
patient pro?les, and to determine the response to the oXime 
ter. 

A feature of this invention is to alloW defects in the probe 
cable of a pulse oXimeter to be analyZed to determine if the 
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cable can be used, should be disposed of, or should be set 
aside for repair. 
An additional feature of this invention is to alloW the 

optical elements of the probe cable of a pulse oximeter to be 
analyZed to determine if the probe can be used, should be 
disposed of, or should be set aside for repair. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic draWing shoWing a left side eleva 
tion of a main unit or instrument of the pulse oximeter 
testing apparatus of the present invention and shoWing the 
apparatus in readiness to be connected to a commonly used 
pulse oximeter, With the probe disconnected from the oxime 
ter and in position to be connected to the subject testing 
apparatus but also shoWing in phantom lines the probe as it 
is normally connected to the pulse oximeter through the 
preamp cable. 

FIG. 2 is a diagrammatic vieW of the probe of FIG. 1 
Which includes a probe connector, a probe cable and a ?nger 
clamp. 

FIG. 3 is a detailed face vieW of the probe connector. 
FIG. 4 is another diagrammatic vieW of the probe and its 

components. 
FIG. 5 is a schematic diagram of the red and IR LED 

circuit and the photodiode circuit in the probe of FIGS. 2—4. 
FIG. 6 is a right side elevation of the main unit of the 

pulse oximeter testing apparatus of FIG. 1. 
FIG. 7 is a front elevation of the main unit shoWn in FIGS. 

1 and 6. 
FIG. 8 is a functional block diagram shoWing the major 

components of the subject testing apparatus and their con 
nections to a pulse oximeter under test. 

FIGS. 8A—8D are pulse timing diagrams shoWing IR and 
red voltage pulses occurring in the circuits of FIG. 8, and 
FIGS. 8E and 8F are Pleth diagrams Which are illustrated to 
assist in explaining the circuits of FIG. 8, it being noted that, 
for illustrative purposes, the scale of the pulses in FIG. 8D 
differs from FIGS. 8A—8C. 

FIG. 9 is a functional block diagram of the continuity 
testing section of the probe analyZer of the subject testing 
apparatus, the probe analyZer being shoWn connected to the 
probe LEDs and photodiode, it being noted in this Fig. and 
other Figs. herein that the diagram boxes With square corners 
indicate functions implemented in hardWare, Whereas the 
boxes With rounded corners indicate functions implemented 
in softWare. 

FIG. 10 is a functional block diagram of the sensitivity 
testing section of the probe analyZer, the probe analyZer 
being shoWn connected to the probe LEDs and photodiode. 

FIG. 10A is a photodiode Waveform occurring in the 
circuit of FIG. 10. 

FIG. 11 is a functional block diagram and partially 
diagrammatic vieW of a sequencing feature of the subject 
testing apparatus. 

FIG. 12 is a functional block diagram shoWing hoW the 
testing apparatus is connected to an oximeter and a printer 
for automatically logging the results of a test. 

FIGS. 13, 14, and 15 are diagrammatic vieWs of the 
display screen and part of the keypad of the subject testing 
apparatus shoWing different displays and different menus 
Which are available on the display screen With the method 
and apparatus of the present invention. 

DETAILED DESCRIPTION OF THE 
APPARATUS 

The pulse oximeter testing apparatus or analyZer of the 
present invention is generally represented by the numeral 20 
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6 
in FIG. 1, Which is a schematic draWing shoWing hoW the 
testing apparatus is connected to a pulse oximeter 24. Since 
reference Will made herein to certain aspects of the pulse 
oximeter itself, it Will be helpful at the outset to provide a 
brief general description of a typical pulse oximeter. 

Thus, the pulse oximeter 24 (FIG. 1) includes a main unit 
26 and a probe 28 Which includes a probe cable 30. The main 
unit includes a signal processor 32, an LED driver 34, and 
upper and loWer displays 38 and 40 for displaying the blood 
oxygen saturation SpO2 as a percentage and pulse rate in 
beats per minute. The main unit of the brand of oximeter 
shoWn and described herein also includes a preamp cable 42. 
The preamp cable terminates at one end in a proximal 
preamp connector 44 coupled to an interface connector 45 in 
the main unit 26 and at the opposite end in a distal. preamp 
connector 46. A photodiode ampli?er 48 is located in the 
distal preamp connector. Some brands of oximeter do not 
employ an external photodiode ampli?er but incorporate all 
the necessary functions in the main unit. The principles of 
the present invention are equally applicable Whether or not 
the oximeter uses an external preampli?er and cable. 

The probe 28 including the probe cable 30 is shoWn in 
greater detail in FIGS. 2—5 to Which reference is noW made. 
The probe includes a clamshell- or alligator-clamp or clip 50 
Which has hinged upper and loWer jaWs 52. Red and infrared 
light-emitting diodes (LEDs) 54 and 56, respectively, are 
mounted in the upper jaW, and a photodiode 58 is mounted 
in the loWer jaW. The LEDs are electrically connected in 
inverse parallel relationship as shoWn in FIGS. 4 and 5 and 
are positioned in the clamp so as to direct light toWard the 
photodiode. As is Well-known, When the oximeter 24 is used 
to monitor the blood oxygen level (SpO2) of a patient, the 
probe clamp is clipped onto the index ?nger of the patient so 
that light from the LEDs can be transmitted through the 
?nger and be detected by the photodiode. 
A probe connector 62 (FIGS. 2 and 3) is attached to the 

probe cable 30 at the opposite end from the probe clamp 50. 
In the normal operation of the oximeter, the probe connector 
62 is connected to the distal preamp connector 46, as shoWn 
in phantom in FIG. 1, thereby to connect the probe 28 to the 
main unit 26. In accordance With the principles of the 
present invention, hoWever, the probe connector 62 connects 
the probe to the subject testing apparatus 20, as Will be 
subsequently described in detail. 
The probe cable 30 (FIGS. 2—5) includes LED conductors 

64 interconnecting the LEDs 54, 56 and terminals 66 in the 
probe connector 62, thereby constituting an LED circuit, and 
photodiode conductors 68 interconnecting the photodiode 
58 and other terminals 70 in the connector, thereby consti 
tuting a photodiode circuit. The probe cable also includes 
electromagnetic shields 72, 74, and 76 (FIG. 4) and outer 
insulation 78, all of Which are Well-known and thus not 
described in greater detail. 
With the foregoing brief description of a typical oximeter 

24 is background, reference is noW made to the testing 
apparatus 20 (FIGS. 1 and 6—8) of the present invention. The 
testing apparatus provides a main instrument 80 Which 
includes a housing 81 that has a left panel 82, a right panel 
84, and a front panel 86, and Which encloses an electronic 
testing system generally identi?ed by the numeral 90 in FIG. 
8. The testing apparatus also includes a simulator adapter 
cable 92 (FIGS. 1 and 8) and an external DC poWer supply 
94. The simulator adapter cable has connector plugs 95 and 
96 at opposite ends thereof. 
The electronic testing system 90 (FIG. 8) provides an 

SpO2 simulator or signal processor 100; a probe analyZer 
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102; a microprocessor 104; a user interface 106; an internal 
poWer supply With battery 108; and interface connectors 
112, 114 and 116 (FIG. 1) in the left panel 82. Interface 
connector 112 is connected to the SpO2 simulator, and 
interface connectors 114 and 116 are connected to the probe 
analyZer respectively for brand X and brand Y pulse oxime 
ter probes 28. The interface connector 112 is designed to 
receive the plug 95 of the simulator adapter cable 92, and 
interface connectors 114 and 116 are designed to receive the 
connectors 62 of the probe cables 30 of the manufacturers of 
brand X and brand Y oximeters, as 24. Interface connectors 
118, 120, and 122 (FIG. 6) are mounted in the right panel 84 
respectively for the external DC poWer supply 94, for serial 
communication, and for a printer (FIG. 12). 

To best understand the testing functions of the subject 
apparatus 20, it Will be helpful ?rst to explain the user 
interface 106 (FIGS. 7, 8 and 13—15). The user interface 
includes an LCD graphic display subsystem 130 (FIG. 8) 
Which provides an LCD display screen or panel 132 (FIG. 7 
and 12—15) in the front panel 86 of the housing 81 and a 
plurality of keys 134 in a keypad 136 beloW the screen. The 
display screen is divided into an upper SpO2 simulator 
WindoW 140, a middle graphing WindoW 142, and a loWer 
soft-key menu WindoW 144. In the disclosed embodiment, 
there are ?ve soft keys F1—F5, tWo hard keys M and P, and 
an on/off key O (FIG. 7). 

The LCD graphic display subsystem 130 (FIGS. 8 and 
13—15) provides several menus to be displayed in the loWer 
menu WindoW 144, and these menus are selected by pressing 
the hard keys M and P. In the disclosed embodiment, there 
is one root menu and four sub-menus, namely, an SpO2 
simulator sub-menu (FIG. 13), a sequencing sub-menu, a 
probe continuity sub-menu (FIG. 14), and a probe sensitivity 
sub-menu (FIG. 15). For each menu displayed, each soft key 
F1—F5 has a different function Which is displayed in the 
loWer menu WindoW above the key, as shoWn in FIGS. 13, 
14 and 15. The root menu is not shoWn, but it is the default 
menu in Which the names of the four sub-menus are dis 
played in the loWer menu WindoW above the keys F1 through 
F4. The sub-menus correspond to the different modes of 
operation of the subject testing apparatus 20, namely, SpO2 
simulator mode, sequencing mode, probe continuity mode 
and probe sensitivity mode and relate to the displays in the 
upper and middle WindoWs 140 and 142. The SpO2 simu 
lator menu relates to the upper or SpO2 simulator WindoW 
140, Whereas the sequencing, probe continuity, and probe 
sensitivity submenus all relate to the middle or graphing 
WindoW 142. 

Considering ?rst the SpO2 simulator mode using the SpO2 
simulator sub-menu and its related upper, SpO2 simulator 
WindoW 140 (FIG. 13), the latter displays the parameter 
settings selected and then generated by the SpO2 simulator 
100 (FIG. 8). The SpO2 WindoW includes an oximeter brand 
or status box 150, Which displays the brand of oximeter 
under test; an oxygen saturation display box 152, Which 
displays SpO2 as a percentage; a pulse rate display box 154, 
Which displays pulse rate in beats per minute; and a pulse 
amplitude display box 156, Which displays pulse amplitude 
as a percentage. Examples of typical values are shoWn in 
boxes 152, 154, and 156. 

Using the SpO2 simulator sub-menu (FIG. 13), the display 
boxes 152—156 are sequentially highlighted and thus 
selected by pressing soft keys F2 or F3. When the SpO2 box 
152 is selected, the desired SpO2 percentage can be chosen 
by pressing the keys F4 or F5 Which causes the percentage 
displayed s to increase or decrease in increments of one 
percent. The SpO2 percentage displayed corresponds to a 
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8 
particular R curve (relationship betWeen R/IR and SpO2) 
stored in the microprocessor and selected When keys F4 or 
F5 are pressed. Similarly, the pulse rate and pulse amplitude 
are selected and displayed in the boxes 154 and 156. 
As previously indicated, the sequencing, probe continuity 

and probe sensitivity modes all share the middle or graphing 
WindoW 142. Each of these modes, along With its sub-menu, 
is selected by pressing the hard keys M or P. For the probe 
continuity mode, the key M or P is pressed until the probe 
continuity sub-menu appears in the loWer WindoW 144 
(FIGS. 13 and 14) and the probe continuity display 158 
appears in the middle WindoW 142 (also FIGS. 13 and 14). 
The probe continuity display provides an upper LED chan 
nel 160 and a loWer photodiode channel 162, both extending 
across the WindoW. The graphic display subsystem 130 
provides a static graphic background for the probe continu 
ity display including: a matrix of dots or graticules (FIG. 13) 
spaced horiZontally in time preferably by ?ve milliseconds; 
the indicia “LED” and “PHOTO” along the ordinate margins 
of the upper and loWer channels, respectively; the indicia 
“OPEN”, “GOOD”, and “SHORT” along the ordinate mar 
gin of each channel; and the label “PROBE CONTINUITY” 
along the top of the WindoW. For the probe sensitivity mode, 
one of the keys M or P is pressed until the probe sensitivity 
display 164 shoWn in FIG. 15 appears in the middle or 
graphing WindoW 142 and the probe sensitivity sub-menu 
appears in the loWer WindoW 144. For the probe sensitivity 
mode, the graphic display subsystem 130 provides a static 
graphic background in the middle WindoW including: upper, 
middle and loWer bargraph channels 165, 166, and 168 
Which, although not shoWn, are empty When no test is being 
conducted; the indicia “RED,” “IR,” and “RATIO” along the 
left margin; the label “PROBE SENSITIVITY” along the 
top of the WindoW; the name of the probe 28 being tested just 
beloW the label; and areas at the right ends of the bargraph 
channels to display numbers respectively representative of 
the amplitudes of the values displayed in the bargraph 
channels. 
As for the sequencing mode and sub-menu, more detailed 

reference is made under the subsequent heading “Test the 
Main Unit-Sequencing Mode.” With the foregoing under 
standing of the user interface 106, the SpO2 simulator 100 
(FIG. 8) of the subject testing apparatus 20 includes a 
current sensor 170 as its input stage. When the testing 
apparatus is being used to test the pulse oximeter 24, the 
connector 62 of the probe cable 30 (FIG. 1) is disconnected 
from the preamp connector 46, and instead, the simulator 
adapter cable 92 is connected to the preamp connector and 
also to the interface connector 112, thereby establishing an 
electrical connection betWeen the input of the current sensor 
and the output of the LED driver 34 of the pulse oximeter 
under test. 

When the testing apparatus 20 is thus connected to the 
pulse oximeter 24 under test (FIG. 1) and the oximeter 24 is 
poWered up, the LED driver 34 (FIG. 8) Will then feed red 
and IR current pulses to the current sensor 170 instead of to 
the probe LEDs 54 and 56. The current sensor receives these 
red and IR current pulses and converts them into IR and red 
voltage pulses (IR and R), as shoWn in FIG. 8A, Whose 
amplitudes represent the IR and red light intensity that 
Would have been produced by the probe LEDs in the normal 
operation of the oximeter. 
The SpO2 simulator 100 (FIG. 8) also includes a 

de-multiplexer 172 Which is connected to the output of the 
current sensor 170. In general, the polarity of the red and IR 
pulses from the oximeter’s LED driver 34 is different, and 
thus the polarity of the voltage pulses (FIG. 8A) from the 
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current sensor is different, for example, the IR pulses are 
positive and the red pulses are negative. The de-multiplexer 
detects this polarity and thus distinguishes betWeen red and 
IR pulses and splits the red and IR voltage pulses into 
separate IR and red voltage pulse signals IR and R (FIG. 8B) 
and feeds these signals to a DC attenuator 174 from Where 
they are transmitted to an AC modulator 176. 

The attenuator and modulator 174/176 vary the IR and red 
pulse signals IR and R in accordance With values of param 
eters stored in databases in the memory of the microproces 
sor 104 and as displayed in the boxes 152, 154 and 156. This 
attenuation/modulation simulates What is caused by a real 
?nger placed in the clamp 50 of the probe 28 and thus 
simulates SpO2 levels, pulse rates and pulse amplitudes such 
as those occurring When the oximeter 24 is being used to 
monitor a patient. 

For example, the DC attenuator 174 under the control of 
the microprocessor 104 (FIG. 8) ?rst modi?es the IR and R 
pulse signals (FIG. 8B) from the de-multiplexer 172 to 
simulate the average component of the SpO2 simulation, that 
is, constant physiological parameters caused by such factors 
as skin, bone and venous blood as attenuated by a human 
?nger. The DC attenuator thus outputs IRDC and RDC 
voltage pulses, as shoWn in FIG. 8C, to the AC modulator 
176 and to a Weighting adder 178. 

Mathematically, these pulses are de?ned as: 

Where IR and R represent the voltage levels of the IR and R 
pulse signals (FIG. 8B) from the de-multiplexer 172, and 
KIR and KR are the attenuation constants for IR and red 
signals respectively. Next, the AC modulator 176 under the 
control of the microprocessor 104 (FIG. 8), modi?es the 
IRDC and RDC pulse signals (FIG. 8C—the arroWs indicat 
ing modulation) from the DC attenuator 174 to simulate the 
pulsatile or variable component of the SpO2 simulation. This 
pulsatile component is the variable physiological parameter 
of arterial blood, i.e., the pulse, as attenuated by a human 
?nger, and as represented by the Waveforms shoWn in FIGS. 
8E and 8F Which are based on Pleth diagrams of arterial 
blood ?oW. The information represented by these Waveforms 
is stored in the memory of the microprocessor and relates to 
the Well knoWn R-curves Which give the relationship 
betWeen the R/IR ratios and SPO2 values. A user of the 
testing apparatus selects an R curve and in so doing selects 
the Waveforms of FIGS. 8E and 8F to be used. 

The AC modulator 176 (FIG. 8) outputs IRAC and RAC 
voltage pulse signals, as shoWn in FIG. 8C, to the Weighting 
adder 178. These signals are mathematically de?ned as: 

IRAC=IRDCXIRPLETH(I)> and 

RAC=RDCXRPLETH(I)> 

Where IRDC and RDC are calculated as indicated above and 
IR PL ETHU) and R PL ETHQ) are samples taken at predetermined 
intervals, preferably 5 msec in the preferred embodiment, 
from the Pleth Waveforms of FIGS. 8E and 8F Which, as 
stated, are stored in the memory of the microprocessor. 
As referred to above, the SpO2 simulator 100 (FIG. 8) 

includes the Weighting or scaling adder 178 Which receives 
the four output signals IRDC, IRAC, RDC, and RAC (FIG. 8C) 
from the DC attenuator 174 and the AC modulator 176 and 
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10 
recombines these signals into attenuated and modulated IR 
and red voltage pulse signals (IR+R)‘, as shoWn in FIG. 8D, 
the arroWs indicating modulation. In so doing, the adder also 
applies Weighting or scaling factors to the IRDC, IRAC, RDC, 
and R AC voltage pulse signals. In the disclosed embodiment, 
these Weighting factors are 1 for IRDC and RDC and 0.20 for 
IR AC and R AC. That is, the level of the IR AC and R AC signals 
is reduced to l/sth of the level of the IRDC and RDC signals. 
The output of the Weighting adder is mathematically de?ned 
as: 

Adder Output=IRDC+ VsIRAC+RDC+ l/sRAC. 

The output of the Weighting adder 178 is fed to a current 
driver 180 that converts the modulated IR and red voltage 
pulse signals (FIG. 8D) into modulated IR and red current 
pulse signals. These current pulse signals are conducted to 
the photodiode preampli?er 48 by the simulator adapter 
cable 92 and then to the signal processor 32 and the displays 
38 and 40 of the pulse oximeter 24. The modulated IR and 
red current pulse signals are thus processed by the signal 
processor 32 just as if the current pulse signals had come 
from the photodiode 58 as a result of the probe 28 being 
attached to a real ?nger. 

It is emphasiZed that the interface betWeen the pulse 
oximeter 24 and the oximeter tester 20 is an electrical 
interface, With no optics involved. That is, the LED driver 34 
and the current sensor 170 and the photodiode preampli?er 
48 and the current driver 180, respectively, are electrically 
interconnected by the simulator adapter cable 92. At this 
time, the probe 28 is disconnected from the oximeter and is 
not involved in the testing of the oximeter’s ability to 
process detected signals and to display accurate SpO2 and 
pulse measurements. 

The probe 28, having been disconnected from the pulse 
oximeter 24 to alloW electrical testing of the oximeter’s 
signal processing capabilities, is subjected to its oWn test by 
the probe analyZer 102 (FIGS. 8—15). The probe analyZer is 
part of the electronic testing system 90 of the subject testing 
apparatus 20 and operates under the control of the micro 
processor 104 and the user interface 106. The probe analyZer 
tests the continuity of the probe circuits and the sensitivity 
of the probe optics. Continuity testing is described beloW 
With particular reference to FIGS. 5, 9, 13 and 14, and 
sensitivity testing is described beloW With particular refer 
ence to FIGS. 5, 10, 10A, and 15. 

Considering continuity testing ?rst, the probe analyZer 
102 (FIGS. 8 and 9) includes LED and photodiode conti 
nuity current sources 181 and 182 Which are connected to 
certain terminals in the interface connectors 114 and 116. 
When the probe connector 62 is connected to its matching 
interface connector 114 or 116, the continuity current 
sources are respectively connected to the LED and photo 
diode circuits through the conductors 64 and 68, 
respectively, at terminals 2, 3 and 5, 9 FIGS. 4 and 5 to 
supply testing current to these circuits and thereby to gen 
erate continuity testing voltages across the LEDs 54, 56 and 
the photodiode 58. The probe analyZer also includes a 
multiplexer 184 Which receives the separate LED and pho 
todiode continuity voltages, combines them into a single 
voltage signal With alternating LED and photodiode pulses, 
and feeds the combined signal to an analog-to-digital con 
verter 186. The A/D converter transforms the signal into a 
series of discrete voltage pulses representative of the alter 
nating LED and photodiode continuity voltages. 
With continued reference to FIG. 9 in addition to FIGS. 

13 and 14, the microprocessor 104 circuitry includes a timer 
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189 Which, in general, generates clocking signals Which call 
upon and cause various sub-routines to be executed. For 
probe 28 continuity testing, the timer executes the following 
softWare sub-routines: display driving 190 (including sWeep 
generation), glitch or spike detecting 192, and sampling and 
scaling 194. The timer provides hardWare interrupts of 
preferably from 1 to 5 milliseconds during Which it executes 
the above-stated and subsequently described service rou 
tines. The display driving routine activates the x-axis of the 
LCD display screen 132 to provide horiZontal sWeep or time 
lines 196 and 198 (FIGS. 13 and 14) in the upper and loWer 
channels at the “Good” level. The sampling and scaling 
routine samples and scales the output of the A/D converter 
186 at predetermined time intervals, and the display driving 
routine applies these signal samples to the display screen. 
More speci?cally, the display driving routine 190 applies 

signal samples representative of the continuity voltages from 
the LED circuit 54, 56, 64 to the y-axis in upper LED 
channel 160 and signal samples representative of the con 
tinuity voltages from the photodiode circuit 58, 68 to the 
y-axis in loWer photodiode channel 162. The glitch detecting 
routine 192 senses When a glitch or spike of a predetermined 
threshold is sampled by the sampling and scaling routine and 
causes the display driving routine to freeZe the display on the 
screen, as more fully described beloW. 

Reference is noW made to FIGS. 5, 8, 10, 10A and 15 for 
a description the probe sensitivity testing features of the 
probe analyZer 102 (FIG. 8). As shoWn in FIG. 10, the probe 
analyZer includes red and IR sensitivity current sources 209 
and 210 respectively connected to the red and IR LEDs 54 
and 56. These current sources are connected to certain 
terminals in the interface connectors 114 and 116 so that 
When the probe connector 62 is connected to its matching 
interface connector, the sensitivity current sources are con 
nected to their corresponding red and IR LEDs. 

The red and IR LEDs 54 and 56 are alternately activated 
by these current sources 209 and 210 (FIGS. 5 and 10) to 
produce red and IR light ?ashes. These ?ashes activate the 
photodiode 58 to generate a voltage signal across the pho 
todiode having alternating red and IR pulses. The probe 
analyZer also includes an analog-to-digital converter 212 
Which receives the voltage signal from the photodiode 58 
and transforms the signal into a series of discrete voltage 
pulses representative of the alternating red and IR sensitivity 
voltages. 

Referring to FIGS. 10 and 15, for probe 28 sensitivity 
testing, the timer 189 of the microprocessor 104 executes the 
folloWing softWare routines: photodiode sample controlling 
230, LED current source controlling 234, sensitivity calcu 
lating 240, and bargraph and readout generating 246. The 
photodiode sample controlling routine activates the LED 
current source controlling routine alternately to apply cur 
rent to the red and IR LEDs. The sample controlling routine 
also samples the IR and red pulses from the A/D converter 
212 and develops red (R) loW and red (R) high pulses and 
IR loW and IR high pulses. 
From the pulses developed by the photodiode sample 

controlling routine 230 (FIG. 10), the sensitivity calculating 
routine 240 generates a red sensitivity pulse from the red loW 
and red high pulses, an IR sensitivity pulse from the IR loW 
and IR high pulses, and an R/IR sensitivity ratio pulse from 
the red and IR sensitivity pulses. The bargraph and readout 
generating routine 246 applies the red sensitivity, the IR 
sensitivity and the R/IR sensitivity pulses to the x-axis of the 
LCD display screen in the upper, middle and loWer bargraph 
channels 165, 166, and 168, respectively. Thus, horiZontal 
bargraphs representative of the response of the photodiode 
58 to the light ?ashes from the red and IR LEDs 54 and 56 
are created. 
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12 
DETAILED DESCRIPTION OF THE METHOD 

Before describing the method for testing a pulse oximeter, 
as 24, according to the present invention, the status of the 
oximeter prior to the test, that is, the normal status of the 
oximeter is summarized, as shoWn in the loWer part of FIG. 
1. The probe connector 62 is normally connected to the 
preamp connector 46, as shoWn in phantom lines in FIG. 1, 
so that the probe clamp 50 is connected by the probe cable 
30 and the preamp cable 42 to the main unit 26 of the 
oximeter. To monitor a patient, the probe clamp is clipped on 
the index ?nger of the patient Whose SpO2 level, pulse rate, 
and perhaps other parameters are to be checked. The oxime 
ter is then turned on, causing the LEDs 54 and 56 to ?ash 
light at the ?nger and causing the photodiode 58 to receive 
the light that is transmitted through the ?nger. 

To test the pulse oximeter 24 in accordance With the 
present invention, the ?rst step is to disconnect the probe 28 
(FIG. 1) from the oximeter’s main unit 26. Speci?cally, the 
probe connector 62 is disconnected from the preamp con 
nector 46, thus disconnecting the probe clamp 50 (including 
of course the LED and photodiode circuits) and the probe 
cable 30 from the main unit, shoWn in the center right in 
FIG. 1. At this point, the probe and the main oximeter unit 
are ready to be tested. 

Hospital technicians often Wish to test only the probe 28 
(FIG. 1) center right including its cable 30, LEDs 54, 56 and 
photodiode 58, and not the oximeter 24 as a Whole: They 
Wish to con?rm probe continuity and sensitivity, since the 
probe is often stored separately from the main unit 26 and is 
more likely to be defective than the remainder of the 
oximeter, as has been fully explained in the Background, 
above. Of course, it is also desirable and necessary to test the 
rest of the oximeter. The present method and apparatus 
readily enables such testing versatility. Thus, folloWing 
disconnection of the probe connector 62 from the preamp 
connector 46, the next step of the method depends on What 
the technician Wants to test: the main unit 26; the probe 28; 
or both. 

To test the main unit 26, the plug 96 of the simulator 
adapter cable 92 is attached to the preamp connector 46, and 
the connector plug 95 is inserted into the interface connector 
112. Testing is then continued as described beloW. 
To test the probe 28, the probe connector 62 (FIG. 1) on 

the probe cable 30 is plugged into the interface connector, 
either 114 or 116, Which matches the brand of oximeter 24 
under test. It Will be recalled that the testing apparatus is 
programmed to test various brands of oximeters having 
different probes 28, and an interface connector, as 114, 116, 
is provided for each brand to be accommodated. In the 
embodiment of the apparatus shoWn, hoWever, only tWo 
brands, namely, brands X and Y, are capable of being tested 
since currently these tWo brands are the most commonly 
used. It Will readily be understood, hoWever, that the subject 
apparatus 20 could be modi?ed to test additional brands 
Without departing from the scope of the present invention. 

To test both the probe 28 (FIG. 1) and the main unit 26 at 
the same time, the simulator adapter cable 92 and the probe 
cable 30 are both connected to the testing apparatus 20 in the 
manner described above. Even if only the probe or the main 
unit is to be tested to the exclusion of the other, both cables 
may be connected to the testing apparatus While either test 
is being conducted. 
The description of the method of the present invention is 

continued noW With a description of the steps for testing the 
main unit 26 (FIG. 1) and thereafter the steps for testing the 
probe 28. Using the keypad 136, the user turns on the testing 
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apparatus 20 by pressing the on-off key O (FIG. 7) Where 
upon the electronic testing system 90 is activated and the 
default menu, that is the root menu, appears in the soft-key 
menu WindoW 144 (FIG. 13). The testing apparatus as used 
to test the main unit is thereafter operated either in a basic 
manual mode or in a sequencing mode, the latter having both 
an automatic option and a manual option. The basic manual 
mode is ?rst described. 
TESTING THE MAIN UNIT 26—BASIC MANUAL 
MODE 

In the basic manual mode, the technician ?rst chooses 
individual values of SpO2 percentage together With values of 
pulse rate and possibly pulse amplitude. To make this 
choice, the technician presses the hard keys M or P (FIG. 7) 
to select the SpO2 submenu, as appears in FIG. 13. Then, 
using the keys F2 or F3, the SpO2 display boX 152 is 
selected, and With the keys F4 or F5, the desired value of 
SpO2 percentage is set. Testing values of pulse rate and/or 
pulse amplitude, if desired, are similarly set and displayed in 
their respective boXes 154 and 156. 

NeXt, the technician turns on the pulse oXimeter 24, 
thereby causing the LED driver 34 (FIG. 8) alternately to 
generate IR and red current pulses Which are directly fed to 
the current sensor 170 of the signal processor 100 of the 
testing apparatus 20. Again it is noted that these red and IR 
current pulses, in the normal operation of the pulse oXimeter, 
Would cause the red and IR LEDs in the probe 28 to ?ash. 
Since the probe 28 is disconnected from the oXimeter 24, 
hoWever, no such ?ashing occurs. Although believed 
understood, the fact that the probe may be connected to the 
testing apparatus at this time does not cause activation of the 
IR and red LEDs by the LED driver since the oXimeter’s 
normal connection of the LED driver to the probe is broken. 

In response to the IR and red current pulses from the LED 
driver 34 (FIGS. 1, 8 and 8A) and as previously described, 
modulated IR and red i current pulse signals are generated 
by the signal processor 100 under control of the micropro 
cessor 104. This modulated current represents the blood 
oXygen saturation (SpO2) level, pulse rate, and pulse ampli 
tude selected and displayed in the boXes 152, 154, and 156 
(FIG. 13) and being used to test the oXimeter 24. The 
modulated IR and red current is transmitted to the photo 
detector ampli?er 48 (FIG. 8) by the simulator adapter cable 
92 and is processed by the pulse oXimeter just as if the 
current had come from the probe 28 attached to a real ?nger. 
The values of SpO2 and pulse rate are read on the displays 
38 and 40 of the pulse oXimeter and compared With the 
settings displayed in boXes 152 and 154 of the display screen 
132 to determine Whether the oXimeter is reading correctly. 
TESTING THE MAIN UNIT 26—SEQUENCING MODE 

In the sequencing mode of the testing apparatus 20, the 
subject method and apparatus test the pulse oXimeter 24 With 
a sequence of programmed values of desired parameters 
(SpO2 , pulse rate, and pulse amplitude in the disclosed 
embodiment). With reference to FIG. 11, the sequencing 
mode includes a library 250 of pro?les or combinations 252 
of parameters, each pro?le including a set of parameter 
curves, for eXample, SpO2 curves, as 254: pulse rate curves, 
as 256; and pulse amplitude curves, as 258, all of Which are 
loaded into the memory of the microprocessor 104. As 
suggested above, more or feWer parameters could be 
included if desired. 

These pro?les 252 are user-de?ned and preferably include 
both actual patient pro?les from clinical studies and 
arbitrary, user-created pro?les. The front pro?le diagram 
matically illustrated in FIG. 11 is an arbitrary pro?le and 
includes an SpO2 curve 254 declining in steps; a pulse rate 
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curve 256 rising in steps, and a constant pulse amplitude 
curve 258. The patient pro?les, not shoWn, typify the various 
conditions that are eXpected to be encountered in use of the 
oXimeter, and for eXample, include constant values, that is, 
straight lines, like the pulse amplitude of FIG. 11, With 
intermittent deviations representative of physiological 
irregularities, such as desaturation dips, arrhytmia’s, or the 
like deviations from the normal. 
The sequencing mode (FIG. 11) can be operated either 

manually at an operator-controlled rate (the manual option) 
or automatically at a programmed rate (the automatic 
option). For this purpose, the timer 189 of the microproces 
sor 104 eXecutes a sequence controlling sub-routine 266 
Which is initiated from the keypad 136. The sequence 
controlling subroutine feeds signals representing the 
selected pro?le data to the AC/DC modulators 174/176 of 
the SpO2 simulator 100 (FIGS. 8 and 11) and to the graphic 
display subsystem 130 (FIGS. 8 and 11). In the disclosed 
embodiment, the sequence controlling routine feeds only the 
SpO2 and pulse rate curves 254 to the upper and loWer 
channels 160 and 162, respectively, of the display screen 
132. Because of preferred space limitations on the display 
screen, the pulse amplitude curve 258 is not included, 
although it could be if desired. 
Each pro?le 252 (FIG. 11) provides a cursor 270 (FIG. 

12) Which is contained in the memory of the microprocessor 
104 as part of the pro?le data. The cursor is developed by the 
sequence controlling routine as a vertical sWeep in the 
middle WindoW 142 of the display screen 132 and its 
position at any given time corresponds With, that is, indi 
cates on the curves, the values of the parameters being fed 
to the attenuator/modulator 174/176 and shoWn in the dis 
plays 152, 154, and 156. The cursor is programmed in 
memory to start at Zero time base and to advance horiZon 
tally across the screen at timed intervals depending on 
Whether the manual option or the automatic option is 
selected. If the manual option is selected, the cursor 
advances from one step to the neXt upon pressing one of the 
keys 134 and remains there until the key is pressed again, so 
the timing of the intervals is under the immediate control of 
the operator. If the automatic option is selected, the cursor 
advances from one step to the neXt at a rate programmed into 
the particular pro?le selected. 

In use of the sequencing mode, the technician selects the 
desired pro?le 252 (FIG. 11) and the manual or automatic 
option With the keypad 136 and then turns on the pulse 
oXimeter 24. As With the basic manual mode, the LED driver 
34 (FIG. 8) alternately generates red and IR current pulses 
Which are directly fed to the current sensor 170 of the signal 
processor 100 of the testing apparatus 20. The sequence 
controlling routine 266 feeds signals representing the pro?le 
data to the DC attenuator/AC modulator 174/176 and feeds 
the same pro?le signals plus the cursor signal to the graphic 
display subsystem 130. The modulated red and IR current is 
transmitted to the photodiode preampli?er 48 (FIG. 8) by the 
simulator adapter cable 92 and is processed by the pulse 
oXimeter as in the basic manual mode. 
TESTING THE MAIN UNIT 26—SEQUENCING MODE 
Manual or Interactive Option 

In the manual, that is, interactive, option of the sequenc 
ing mode, the technician controls the advance of the cursor 
270 across the screen 132 by pressing the appropriate key 
134 of the keypad 136 each time the technician elects to step 
to the neXt set of values in the pro?le 252 selected. After 
each advance of the cursor, the technician compares the 
values of SpO2, pulse rate, and pulse amplitude at the 
location of the cursor, Which are being fed to the oXimeter 




























