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BACKGROUND assembly . The method can further include determining the 
physiological parameter of the medical patient based upon 
the signal and the calibration information . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0003 ] Hospitals , nursing homes , and other patient care 
facilities typically include patient monitoring devices at one 
or more bedsides in the facility . Patient monitoring devices 
generally include sensors , processing equipment , and dis 
plays for obtaining and analyzing a medical patient's physi 
ological parameters . Physiological parameters include , for 
example , respiratory rate , oxygen saturation ( SpO2 ) level , 
pulse , and blood pressure , among others . Clinicians , includ 
ing doctors , nurses , and certain other medical personnel , use 
the physiological parameters obtained from the medical 
patient to diagnose illnesses and to prescribe treatments . 
Clinicians also use the physiological parameters to monitor 
a patient during various clinical situations to determine 
whether to increase the level of medical care given to the 
patient . 
[ 0004 ] Many monitoring devices receive physiological 
signals from one or more sensors , such as pulse oximetry 
sensors , other types of optical sensors , acoustic sensors , and 
the like . Medical cables attached the sensors transmit 
signals from the sensors to the monitoring device . 
[ 0005 ] Physiological signals in some monitoring systems 
can be relatively small or otherwise difficult to measure with 
a high degree of accuracy . As such , manufacturing toler 
ances for the various components in the system may be 
relatively tight , possibly leading to low yields , increased 
manufacturing cost and / or reduced flexibility in component 
design . 
[ 0006 ] Additionally , sensors , cables and other components 
in the sensor path may be sold with a specific monitoring 
device and are factory calibrated for use with only that 
monitoring device , reducing flexibility in component selec 
tion . Alternatively , some systems may be manually cali 
brated in the field , increasing cost and setup time . Accord 
ingly , there remains a need for a monitoring system capable 
of providing accurate physiological measurement while 
addressing these and other issues . 

[ 0009 ] Various embodiments will be described hereinafter 
with reference to the accompanying drawings . These 
embodiments are illustrated and described by example only , 
and are not intended to limit the scope of the disclosure . In 
the drawings , similar elements have similar reference 
numerals . 
[ 0010 ] FIG . 1 illustrates a perspective view of an embodi 
ment of a physiological monitoring system ; 
[ 0011 ] FIG . 2 is a top perspective view illustrating an 
embodiment of an example sensor assembly and cable ; 
[ 0012 ] FIGS . 3A and 3B illustrate block diagrams of 
example monitoring systems that include one or more infor 
mation elements usable for multi - stage calibration , accord 
ing to certain embodiments ; 
[ 0013 ] FIG . 3C illustrates an embodiment of a circuit for 
communicating with one or more information elements and 
a sensor ; 
[ 0014 ] FIG . 4 illustrates a block diagram showing calibra 
tion information and other exemplary forms of data that can 
be stored in an information element ; 
[ 0015 ] FIG . 5 illustrates a functional block diagram of an 
embodiment of a physiological monitoring system configu 
rable to perform multi - stage calibration according to certain 
embodiments ; 
[ 0016 ] FIG . 6 illustrates a flowchart diagram of an 
example physiological monitoring process implementing 
multi - stage calibration according to certain embodiments ; 
[ 0017 ] FIGS . 7A and 7B illustrate block diagrams of 
example physiological monitoring systems having splitter 
cables ; 
[ 0018 ] FIG . 8 illustrates a block diagram of another 
embodiment of a physiological monitoring system having 
multiple cables ; 
[ 0019 ] FIG . 9 illustrates a block diagram of yet another 
embodiment of a physiological monitoring system having 
multiple cables ; 
[ 0020 ] FIGS . 10A through 10C illustrate embodiments of 
decoupling circuits ; 
[ 0021 ] FIG . 11A illustrates a side view of an example 
splitter cable ; 
[ 0022 ] FIG . 11B illustrates a bottom view of the example 
splitter cable of FIG . 6A ; 
[ 0023 ] FIG . 12 illustrates a perspective view of an 
example sensor and cable assembly ; 
[ 0024 ] FIG . 13 illustrates an embodiment of a physiologi 
cal monitoring system having multiple networked physi 
ological monitors ; 
[ 0025 ] FIGS . 14 and 15 illustrate flowchart diagrams of 
example cable management processes ; 
[ 0026 ] FIGS . 16 and 17 illustrate flowchart diagrams of 
example patient context management processes ; 
[ 0027 ] FIG . 18 illustrates an embodiment of a coextruded 
cable ; and 
[ 0028 ] FIG . 19 illustrates an embodiment of a splitter 
cable . 

SUMMARY 

[ 0007 ] According to certain aspects , a physiological moni 
tor is provided for determining a physiological parameter of 
a medical patient with a multi - stage sensor assembly . The 
physiological monitor can include a signal processor con 
figured to receive a signal indicative of a physiological 
parameter of a medical patient from a multi - stage sensor 
assembly . The multi - stage sensor assembly can be config 
ured to be attached to the physiological monitor and the 
medical patient . The physiological monitor can further 
include an information element query module configured to 
obtain calibration information from an information element 
provided in a plurality of stages of the multi - stage sensor 
assembly . In certain embodiments , the signal processor is 
configured to determine the physiological parameter of the 
medical patient based upon said signal and said calibration 
information . 
10008 ] A method of determining a physiological param 
eter of a medical patient with a physiological monitor is 
provided according to certain aspects . The method may 
include receiving a signal indicative of a physiological 
parameter of a medical patient from a multi - stage sensor 
assembly . In some embodiments , the method further 
includes obtaining calibration from an information element 
provided in a plurality of stages of the multi - stage sensor 
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DETAILED DESCRIPTION 

[ 0029 ] Systems described herein include various compo 
nents , such as one or more cables , front end processing 
circuitry , and the like , interposed in the path between the 
sensor and signal processing circuitry in a monitoring 
device . The sensor and these components or portions thereof 
may be described as stages in the sensor path . Systems 
described herein may accordingly be referred to as multi 
stage systems . 

Multi - Stage Calibration Overview 
[ 0030 ] Each stage in the sensor path has particular behav 
ioral characteristics defining a response for that stage . Gen 
erally , each stage receives a version of the detected sensor 
signal and produces a modified version of that signal accord 
ing to a characteristic response of the respective stage . The 
behavioral characteristics defining the characteristic 
responses of the stages can include a variety of parameters 
such as electrical properties ( e.g. , capacitances , impedances , 
etc. ) , mechanical properties , response characteristics ( e.g. , 
frequency responses , gain characteristics , etc. ) , among oth 
ers . Information relating to these characteristics may be 
referred to through this disclosure interchangeably as cali 
bration information , behavioral information and behavioral 
characteristic information , for example . 
[ 0031 ] Due to inconsistencies in manufacture , materials , 
etc. , certain behavioral characteristics and corresponding 
calibration information can vary significantly between com 
ponents of the same type . Characteristics subject to these 
types of inconsistencies may be referred to as process 
variable characteristics as they are dependent on material or 
manufacturing inconsistencies . It is generally desirable for a 
monitoring system to be able to cooperate with components 
having as wide a range of process variable characteristics as 
possible . For example , manufacturing tolerances can be 
expanded as a result , leading to improved accuracy and 
repeatability , higher yields and reduced cost . 
[ 0032 ] In addition to process variable characteristics , 
design variable characteristics can arise based on various 
component design schemes and associated parameters . 
Because they are based on known design choices , design 
variable characteristics are generally predetermined , unlike 
process variable characteristics . 
[ 0033 ] As one example of a scenario involving design 
variable characteristics , an acoustic sensor of a first design 
scheme may include design characteristics optimized to use 
relatively low amplitude signals , such as for use with 
patients having a particularly shallow breath or to detect a 
certain type of relatively quiet physiological sound . Design 
choices for this sensor are tailored for such a use . For 
example , a relatively sensitive material may be used for the 
sensing element ( e.g. , a piezoelectric film ) , or the sensing 
element may be manufactured for relatively high sensitivity . 
Moreover , programmable variables such as gain settings 
may be set to a relatively high level . On the other hand , an 
acoustic sensor according to a second design may be opti 
mized to detect relatively louder physiological sounds . For 
this sensor , different design parameters are used such as a 
relatively less sensitive sensing element , lower gain settings , 
etc. Beyond this illustrative example , a broad universe of 
design variable characteristics associated with monitoring 
systems exists , such as design variable characteristics asso 
ciated with non - sensor components ( e.g. , cables , processing 

circuitry , etc. ) or those related to other types of sensors ( e.g. , 
optical sensors such as SpO2 sensors ) . 
[ 0034 ] It is desirable for monitoring systems to be able to adapt to components having generally as wide a range of 
design variable characteristics as possible . For example , this 
can allow system designers to develop an array of compo 
nents that are customized for particular applications . 
[ 0035 ] Systems described herein are advantageously 
capable of accounting for process characteristic variability 
and / or design characteristic variability , allowing for system 
calibration ( e.g. , automatic calibration ) based on the prop 
erties of the particular attached components . This calibration 
technique may be referred to interchangeably throughout 
this disclosure as automatic , dynamic , adaptive , or intelli 
gent calibration . In some embodiments , the process may also 
be referred to as sensor path or signal acquisition , or as 
having an equalization effect on the sensor signal , for 
example . These terms are used for the purpose of illustration 
and are not intended to be limiting . In some other embodi 
ments , at least a portion of the calibration process is 
achieved manually . 
[ 0036 ] According to some embodiments , one or more of 
the stages in the sensor path has at least one information 
element storing calibration information relating to that stage . 
The calibration information may be determined and stored , 
such as during manufacture . For example , a test signal may 
be injected into a component such as a physiological sensor . 
Various characteristics such as frequency responses , capaci 
tances , etc. , of the sensor may be measured using the test 
signal and are stored in an information element on the 
sensor . Additionally , certain predetermined characteristics , 
which may primarily include design variable characteristics , 
may be stored on the information element without any 
separate calibration process . 
[ 0037 ] According to certain embodiments , the monitoring 
device is configured to receive the calibration information 
from the sensor path stages . Based on the calibration infor 
mation , the monitoring device can then intelligently adjust 
processing of the received sensor signal , accounting for the 
particular behavioral properties of the attached components . 
[ 0038 ] Because monitoring systems according to such 
embodiments can adapt to the specific properties of the 
attached components , these systems can provide inter 
changeable use with a wide variety of components . For 
example , these systems can be used with components having 
a wide range of process and / or design characteristic vari 
ability . 
[ 0039 ] Allowable manufacturing tolerances can be greatly 
expanded . Improved manufacturing repeatability and yields 
are achieved , as a result while maintaining a high degree of 
measurement accuracy . 
[ 0040 ] The multi - stage calibration capability provides a 
generally fully interchangeable system in which existing 
components can be swapped out for components of the same 
type or for components customized for particular purposes . 
This type of mix and match capability provides enhanced 
ease of use and can also allow for the use of disposable 
components , such as disposable sensor components . The use 
of disposable components can provide a number of advan 
tages including improved sanitation and convenience . 
[ 0041 ] For example , a user can select a sensor for use with 
a monitoring device from a batch of sensors of the same type 
without verifying that the particular sensor has been cali 
brated for use with that particular monitoring device . The 
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user can additionally combine this sensor with another 
component , such as an instrument cable selected from a 
batch of instrument cables having the same type . Again , the 
user can attach the cable and sensor to the monitor and begin 
monitoring without verifying that the particular cable has 
been calibrated for use with that particular monitoring 
device or sensor . 
[ 0042 ] In some cases , sensor path components can be 
initially characterized at the factory , and the appropriate 
characterization information is stored on the component . 
The factory calibration can advantageously be transferred to 
the field as clinicians deploy the components with generally 
any compatible system without the need for independent 
field calibration . 
[ 0043 ] For example , in one scenario , a user first attaches 
a first sensor to a first cable connected to a first monitoring 
device . The monitoring device reads the behavioral charac 
teristics of the components and adjusts the signal processing 
parameters accordingly , such as when new sensor path 
components are attached . The user then replaces the first 
sensor with a second sensor of the same type , but having 
different behavior characteristics , such as process variable 
characteristics . In another scenario , the user replaces the first 
sensor with a second sensor having a different type , such as 
a sensor tailored for a particular use , and having different 
design variable characteristics . In both scenarios , the moni 
toring device reads the behavioral characteristics of the 
second sensor and again performs multi - stage calibration so 
as to cooperate with the second sensor . 
[ 0044 ] The multi - stage calibration techniques described 
herein can benefit physiological monitoring systems incor 
porating generally any type of sensor . Additionally , in part 
because dynamic calibration allows for improved manufac 
turing tolerance , they can be of particular benefit to systems 
which measure relatively small signals , such as those includ 
ing acoustic sensors for measuring respiratory rate , heart 
sounds , and the like . 
[ 0045 ] Further embodiments of monitoring systems 
capable of multi - stage calibration techniques are described 
below with respect to FIGS . 1 through 6 , for example . 
[ 0046 ] Turning to FIG . 1 , an embodiment of a physiologi 
cal monitoring system 100 for monitoring a medical patient 
is shown . The physiological monitoring system 100 can be 
configured to implement the multi - stage calibration tech 
niques described herein , and includes a physiological moni 
tor 110 coupled with a sensor assembly 150 through a cable 
130. The monitor 110 includes various visual indicia and 
user controls 105 for displaying sensor parameters , alarms , 
and the like and for receiving user input . The sensor assem 
bly 150 could include any of a variety of physiological 
sensors . For example , the sensor assembly 150 could include 
one or more optical sensors that allow the measurement of 
blood constituents and related parameters , acoustic respira 
tory sensors , electrocardiograph sensors , and the like . 
[ 0047 ] More generally , the sensor assembly 150 can 
include one or more sensors that measure one or more of a 
variety of physiological parameters , including oxygen satu 
ration , carboxyhemologbin ( HbCO ) , methemoglobin ( HB 
Met ) , fractional oxygen , total hemoglobin ( HbT / SpHb ) , 
pulse rate , perfusion index , electrical heart activity via 
electrocardiography , and blood pressure . Other examples of 
physiological parameters that may be measured include 
respiratory rate , inspiratory time , expiratory time , inspira 
tion - to - expiration ratio , inspiratory flow , expiratory flow , 

tidal volume , end - tidal CO2 ( ETCO2 ) , CO2 , minute volume , 
apnea duration , breath sounds , rales , rhonchi , stridor , 
changes in breath sounds such as decreased volume or 
change in airflow , heart rate , heart sounds ( e.g. , S1 , S2 , S3 , 
S4 , and murmurs ) , and changes in heart sounds such as 
normal to murmur or split heart sounds indicating fluid 
overload . 
[ 0048 ] In some embodiments , the sensor assembly 150 
can be an optical sensor having one or more emitters , such 
as light emitting diodes . The emitters may emit multiple 
wavelengths of light that impinge on body tissue of a living 
patient , such as a finger , foot , ear , or the like . The emitters 
may also emit non - visible radiation . The sensor assembly 
150 may further include one or more detectors that can 
receive light attenuated by the body tissue of the patient . The 
detectors can generate physiological signals responsive to 
the detected light . The sensor assembly 150 can provide 
these physiological signals to the monitor 110 for processing 
to determine one or more physiological parameters , such as 
certain of the parameters described above . An example of 
such a sensor assembly 150 is described in U.S. Publication 
No. 2006/0211924 , filed Mar. 1 , 2006 , titled “ Multiple 
Wavelength Sensor Emitters , ” the disclosure of which is 
hereby incorporated by reference in its entirety . 
[ 0049 ] The cable 130 is connected to the sensor assembly 
150 and to the monitor 110. In some embodiments , the cable 
130 includes two or more cables or cable assemblies , 
although it should be noted that the cable 130 can also be a 
single cable 130. In the illustrated embodiment , the cable 
130 includes a sensor cable 112 and an instrument cable 114 . 
The sensor cable 114 is connected directly to the sensor 
assembly 150 through connectors 133 , 151 , and the instru 
ment cable 114 is connected directly to the monitor 110 
through a connector 131. The sensor cable 112 is connected 
to the instrument cable 114 through connectors 135 , 137 . 
[ 0050 ] In certain embodiments , the sensor cable 112 is a 
lightweight , flexible cable used for a single medical patient 
and disposed of after use with that patient . In contrast , the 
instrument cable 112 of certain embodiments is used for 
multiple patients and may be durable than the sensor 
cable 112. For example , the instrument cable 112 may be 
thicker , stiffer , or heavier than the sensor cable 112. Advan 
tageously , in certain embodiments , the lightweight , flexible 
characteristics of the sensor cable 112 make the sensor cable 
112 more comfortable to attach to a patient . A patient with 
a sensor assembly 150 attached to her finger , for instance , 
could more easily move her hand with a lightweight sensor 
cable 112 attached to the sensor assembly 150. However , if 
some or all of the cable 130 were lightweight and flexible , 
it might be less durable . Hence , a portion of the cable 130 
( e.g. , the instrument cable 114 ) is stronger and more durable , 
yet potentially heavier and less flexible . The instrument 
cable 114 could therefore be used for multiple patients , 
while the sensor cable 112 might be used for fewer patients , 
such as a single patient . 
[ 0051 ] While the physiological monitor 110 of FIG . 1 is 
shown connecting to a single sensor assembly 150 , it may be 
advantageous in certain embodiments to connect to multiple 
sensors , such as sensors that monitor different physiological 
parameters . For instance , the physiological monitor 110 
could connect to a pulse oximetry sensor and an acoustic 
sensor that measures respiratory rate , heart sounds , and 
related parameters . One way to provide multiple sensor 
functionality to the physiological monitor 110 is to provide 
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a splitter cable between the monitor and the cable 130 ( see 
FIGS . 7 and 11 ) . A splitter cable reduces or eliminates a need 
to build a second cable port into the chassis of the physi 
ological monitor 110 to accommodate a second cable 130 . 
Consequently , using a splitter cable can reduce costs . More 
over , using a splitter cable can reduce cross - talk noise 
between signal lines from the sensors . 
[ 0052 ] However , as described above , upgrading the physi 
ological monitor 110 to receive input from multiple sensors 
using a splitter cable or the like can create electrical shock 
hazards to the patient due to the possibility of conductive 
paths forming through the sensors , cabling , and the patient . 
For example , if an acoustic sensor is placed on the chest and 
a defibrillator paddle touches the acoustic sensor , a surge of 
current could discharge through a conductive path formed in 
the patient between the acoustic sensor and a second sensor , 
and through the physiological monitor 110. This current 
surge could injure the patient and damage the monitor 110 . 
[ 0053 ] Consequently , various embodiments of the cable 
130 or an attached splitter cable can include one or more 
decoupling circuits ( not shown ) for reducing the risk of 
electric shock to the patient . Each decoupling circuit can 
electrically decouple the sensor assembly 150 from the 
monitor 110 or can decouple multiple sensor assemblies 
150. In addition to having its ordinary meaning , electrical 
decoupling can mean breaking a conductive path ( e.g. , by 
providing a dielectric between two conductors ) or increasing 
the resistance between conductors . Electrical decoupling can 
be accomplished using transformers and / or optocouplers , as 
described below . The electrical decoupling of the decoupling 
circuit can prevent or reduce harmful current surges from 
harming the patient . Example decoupling circuits compat 
ible with certain embodiments are provided below with 
respect to FIGS . 7 through 11 . 
[ 0054 ] In addition to including decoupling circuitry in the 
cable 130 or in an attached splitter cable , it may be desirable 
to include other circuitry in the cable 130 or splitter cable . 
For example , the cable 130 , a splitter cable , and / or the 
sensor assembly 150 may include one or more information 
elements ( not shown ) , which can be memory devices such as 
EEPROMs or the like . The information elements may fur 
ther store calibration information related to one or more of 
the components in the system . The monitoring device may 
use such calibration information to calibrate a multi - stage 
sensor path according to embodiments described herein . 
Example compatible information elements are described 
below with respect to FIGS . 3 through 6 and 11 through 17 . 
In some embodiments , the information element stores other 
information such as cable management information , patient 
context information , and / or physiological information . 
[ 0055 ] FIG . 2 illustrates an embodiment of another sensor 
system capable of incorporating certain multi - stage calibra 
tion techniques described herein . The sensor system 
includes a sensor assembly 201 , an instrument cable 211 , 
and a hub 220 suitable for use with any of the physiological 
monitors and cables described herein . The sensor assembly 
201 includes a sensor 215 , a cable assembly 217 , and a first 
connector 205 , while the cable assembly 217 of one embodi 
ment includes a sensor cable 207 and a patient anchor 203 . 
[ 0056 ] The sensor assembly 201 is removably attachable 
to the instrument cable 211 via the matable first and second 
connectors 205 , 209. In turn , the instrument cable 211 can be 
attached to a cable hub 220 , which includes a port 221 for 
receiving a connector 212 of the instrument cable 211 and a 

second port 223 for receiving another cable . The hub 220 is 
an example of the splitter cable described above , and as 
such , can include decoupling circuitry ( see , e.g. , FIG . 19 ) . In 
certain embodiments , the second port 223 can receive a 
cable connected to an optical sensor ( e.g. , pulse oximeter ) or 
other sensor . In addition , the cable hub 220 could include 
additional ports in other embodiments for receiving addi 
tional cables . The example hub 220 includes a cable 222 
which terminates in a connector 224 adapted to connect to 
a physiological monitor ( not shown ) . 
[ 0057 ] In an embodiment , the acoustic sensor assembly 
201 includes a sensing element , such as , for example , a 
piezoelectric device or other acoustic sensing device . The 
sensing element can generate a voltage that is responsive to 
vibrations generated by the patient , and the sensor can 
include circuitry to transmit the voltage generated by the 
sensing element to a processor for processing . In an embodi 
ment , the acoustic sensor assembly 201 includes circuitry 
for detecting and transmitting information related to bio 
logical sounds to a physiological monitor . These biological 
sounds can include heart , breathing , and / or digestive system 
sounds , in addition to many other physiological phenomena . 
The acoustic sensor 215 in certain embodiments is a bio 
logical sound sensor , such as the sensors described or 
incorporated by reference herein . In some embodiments , the 
biological sound sensor is one of the sensors such as those 
described in U.S. patent application Ser . No. 12 / 044,883 , 
filed Mar. 7 , 2008 , entitled “ Systems and Methods for 
Determining a Physiological Condition Using an Acoustic 
Monitor , ” ( hereinafter referred to as “ the ' 883 application " ) , 
the disclosure of which is hereby incorporated by reference 
in its entirety . In other embodiments , the acoustic sensor 215 
is a biological sound sensor such as those described in U.S. 
Pat . No. 6,661,161 , which is incorporated by reference 
herein in its entirety . Other embodiments include other 
suitable acoustic sensors . 
[ 0058 ] The attachment mechanism 204 in certain embodi 
ments includes first and second portions 206 , 208 which can 
include adhesive ( e.g. , in some embodiments , tape , glue , a 
suction device , etc. ) . The adhesive can be used to secure the 
sensor 215 to a patient's skin . Moreover , one or more 
biasing members 210 included in the first and / or second 
portions 206 , 208 can beneficially bias the sensor subassem 
bly 202 in tension against the patient's skin and reduce stress 
on the connection between the patient adhesive and the skin . 
A removable backing can be provided with the patient 
adhesive to protect the adhesive surface prior to affixing to 
a patient's skin . 
[ 0059 ] The sensor cable 207 can be electrically coupled to 
the sensor subassembly 202 via a printed circuit board 
( “ PCB ” ) ( not shown ) in the sensor subassembly 202 . 
Through this contact , electrical signals are communicated 
from the multi - parameter sensor subassembly to the physi 
ological monitor through the sensor cable 207 and the cable 
211 . 
[ 0060 ] In various embodiments , not all of the components 
illustrated in FIG . 2 are included in the sensor system 200 . 
For example , in various embodiments , one or more of the 
patient anchor 203 and the attachment subassembly 204 are 
not included . In one embodiment , for example , a bandage or 
tape is used instead of the attachment subassembly 204 to 
attach the sensor subassembly 202 to the measurement site . 
Moreover , such bandages or tapes can be a variety of 
different shapes including generally elongate , circular and 
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oval , for example . In addition , the cable hub 220 need not be 
included in certain embodiments . For example , multiple 
cables from different sensors could connect to a monitor 
directly without using the cable hub 220 . 
[ 0061 ] Additional information relating to acoustic sensors 
compatible with embodiments described herein , including 
other embodiments of interfaces with the physiological 
monitor are included in applications incorporated by refer 
ence herein , such as the ' 883 application , for example . 
[ 0062 ] FIGS . 3A and 3B illustrate example layouts of a 
physiological monitoring systems 300A , 300B . FIGS . 3A 
and 3B illustrate various information elements 360 , 362 , and 
364. In certain embodiments , the physiological monitoring 
systems 300 of FIGS . 3A and 3B implement multi - stage 
calibration . For example , the information elements 360 , 362 , 
and 364 can store calibration information usable to perform 
multi - stage calibration in accordance with embodiments 
described herein . The information elements 360 , 362 , 364 
may additionally include other types of information ( e.g. , 
cable management , patient context , and / or physiological 
information ) . Although not shown , the information elements 
360 , 362 , and 364 may also be included in any of the splitter 
cables described herein . Moreover , decoupling circuitry may 
be included in the cables of FIGS . 3A and 3B . 
[ 0063 ] Referring to FIG . 3A , a physiological monitoring 
system 300A includes a physiological monitor 310 that 
communicates with a sensor 350 through an instrument 
cable 314 and a sensor cable 312. An information element 
360 is included in the sensor cable 312 . 
[ 0064 ] The physiological monitor 310 interfaces with the 
instrument cable 314 using a connector 319 , which mates 
with a connector 331 of the instrument cable 314. The 
instrument cable 314 mates in turn with the sensor cable 312 
through a connector 335 on the instrument cable 314 and a 
corresponding connector 337 on the sensor cable 312. The 
sensor cable 312 in turn connects to a sensor 350 through a 
connector 333 and a corresponding connector 351 on the 
sensor 350. In alternative embodiments , the sensor cable 312 
may be a splitter cable . 
[ 0065 ] In the embodiment wn , the information element 
360 is located in the connector 337. Other placements for the 
information element 360 are also possible . For example , the 
information element 360 could be located anywhere in the 
sensor 350 or in the sensor cable 312 , including in a sensor 
cable section 332 or the connector 333. In addition , the 
information element 360 could also be located in the instru 
ment cable 314 instead , or two or more information elements 
360 could be used , one or more in each cable 312 , 314 ( see , 
e.g. , FIG . 3 ) . 
[ 0066 ] The information element 360 can include any one 
or more of a wide variety of types of information elements . 
In an embodiment , the information element 360 is a non 
volatile information element , such as , for example , an eras 
able programmable read - only memory ( “ EPROM ” ) . 
“ EPROM ” as used herein includes its broad ordinary mean 
ing known to one of skill in the art , including those devices 
commonly referred to as “ EEPROM “ EPROM , ” as well as 
any types of electronic devices capable of retaining their 
contents even when no power is applied and / or those types 
of devices that are reprogrammable . In an embodiment , the 
information element is an impedance value associated with 
the sensor , such as , for example , a resistive value , an 
impedance value , an inductive value , and / or a capacitive 
value or a combination of the foregoing . In addition , the 

cable's information element could be provided through an 
active circuit such as a transistor network , memory chip , 
flash device , or other identification device , including multi 
contact single wire information elements or other devices , 
such as those commercially available from Dallas Semicon 
ductor or the like . Moreover , the information element may 
be random access memory ( RAM ) , read - only memory 
( ROM ) , or a combination of the same . 
[ 0067 ] In an embodiment , the physiological monitor 310 
communicates with the information element 360 via a serial 
transmission line 340. In one embodiment , the serial trans 
mission line 340 is a multi - drop bus , although in alternative 
embodiments , the serial transmission line 340 is a 1 - wire 
bus , a SCSI bus , or another form of bus . Once the physi 
ological monitor 310 determines that it is connected to the 
sensor cable 312 , it sends and receives signals to and from 
the information element 360 to access calibration informa 
tion , cable management information and / or patient context 
information . Alternatively , the physiological monitor 310 
does not access the information element 360 until requested 
to do so by a user ( e.g. , a clinician ) . In addition , the 
physiological monitor 310 may also automatically access the 
information element 360 or access the information element 
360 in response to a user request . 
[ 0068 ] FIG . 3B illustrates another embodiment of a moni 
toring system 300B . The monitoring system 300B prefer 
ably includes all the features of the monitoring system 300A 
and additionally includes an information element 362 in the 
instrument cable 314 and an information element 364 in the 
sensor 350. The information elements 362 , 364 may have the 
same or different characteristics of the information element 
360 , including the same or different memory type , capacity , 
latency , or throughput . 
[ 0069 ] In an embodiment , the serial transmission line 340 
connects the physiological monitor 310 to the information 
element 360 in the sensor cable 312 as above . However , the 
serial transmission line 340 also connects to the information 
elements 362 , 364. The physiological monitor 310 may 
therefore access the information elements 360 , 362 , 364 
while running generally few transmission lines 340 . 
[ 0070 ] The information elements 362 , 364 may have all or 
a portion of the functionality of the information element 360 . 
In one embodiment , the same data is stored in each of the 
information elements 360 , 362 , 364 , thereby providing data 
redundancy . Additionally , in such embodiments the instru 
ment cable 314 may stay with the patient as the patient 
moves from one department to another , in place of or in 
addition to the sensor cable 312. Moreover , in one embodi 
ment only the instrument cable 314 or the sensor assembly 
350 has an information element 362 or 364 , and the sensor 
cable 312 does not have an information element 360 . 
[ 0071 ] The placement of the information elements 362 , 
364 can be in any of a variety of locations . For example , the 
information element 362 may be located in either one or the 
connectors 331 , 335 or in the instrument cable section 334 . 
Likewise , the information element 364 of the sensor 350 
may be located in the connector 351 or in another part of the 
sensor 350 . 
[ 0072 ] Although not shown , the sensor cable 312 and / or 
the instrument cable 314 may have multiple information 
elements in some embodiments . When multiple information 
elements are used , certain data may be stored on some 
information elements , and other data may be stored on 
others . For instance , calibration , cable management infor 
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mation , patient context information , physiological informa 
tion , etc. , or any combination thereof may be stored separate 
information elements . 
[ 0073 ] Referring to FIG . 3B for the purposes of illustra 
tion , each of the components in the sensor path , including , 
for example , the sensor 350 , the sensor cable 314 and the 
instrument cable 312 form one or more stages . Additionally , 
each stage can have a respective information element 364 , 
360 , 362 associated with it . 
[ 0074 ] One or more additional stages may be located in 
the monitor 310. For example , The monitor 310 can further 
include one or more components ( e.g. , front - end processing 
circuitry ) and one or more information elements ( not shown ) 
storing calibration information related to those components . 
Example front end processing circuitry is described below 
with respect to FIG . 5. Further additional stages may be 
included , or one or more of the stages shown in FIG . 3B may 
not be included in certain embodiments . 
[ 0075 ] The instrument cable 314 may include a splitter 
cable such as any of the splitter cables described herein . 
Additionally , in some embodiments , the sensor includes an 
integrated cable which connects to the sensor cable 312 . 
Such a configuration is shown in FIG . 2 , discussed above . 
For example , referring to FIG . 2 , information elements 
storing calibration information may be included on one or 
more of the sensor assembly 201 , the monitor cable 211 and 
the hub 220 . 
[ 0076 ] The monitor 310 includes at least one processor 
( not shown ) such as any of those described herein which 
receives the signal detected by the sensor after it has gone 
through each of the stages . Thus , the signal or signals 
received by the processor has been modified according to the 
characteristic responses of each of the stages . The processor 
performs signal processing on the received signal to extract 
signals representative of one or more physiological param 
eters , such as any of the parameters described herein ( e.g. , 
respiratory rate , SpO2 , etc. ) . 
[ 0077 ] In certain embodiments , the system 300B is further 
configured for calibration of the multi - stage signal path . The 
information elements store calibration information related to 
behavioral characteristics of one or more of the stages such 
as the sensor 350 , the sensor cable 312 , the instrument cable 
314 , and / or front - end processing circuitry in the monitor . 
Using the calibration information , the monitor 310 is con 
figured to adjust the processing of the received signal or 
signals so as to account for the specific behavioral charac 
teristics of the stages . Thus , the system dynamically 
accesses predetermined response information related to the 
attached components and can produce accurate measure 
ments generally regardless of the variable characteristics of 
those components . 
[ 0078 ] For example , in some embodiments the calibration 
information from each information element corresponds to a 
characteristic response of a corresponding stage or portions 
of that stage . Alternatively , the calibration information may 
not be directly representative of the response and the pro 
cessor instead derives the response from the calibration 
information . 
[ 0079 ] In some embodiments , the processor performs the 
inverse of the response of one or more of the stages to 
calibrate the system , although other suitable computations 
can be employed . In some embodiments , the processor 
determines a transfer function associated with one or more 

of the stages or portions thereof and performs the inverse 
transfer function to reconstruct the signal . 
[ 0080 ] A multi - stage calibration module running on the 
processor may perform the calibration process , for example . 
The calibration module in some embodiments operates on 
the signal received from the final stage in the signal path 
before other signal processing is performed on the signal . In 
another embodiment , the multi - stage calibration is per 
formed substantially in parallel with other signal processing . 
In one embodiment , the calibration module reconstructs the 
original sensor signal . For example , the calibration module 
generates a signal substantially representative of the voltage 
or current signal output by the sensor , removing the effects 
of the other components in the sensor path . 
[ 0081 ] In one embodiment , rather than computing and 
compensating for the response of each stage individually , the 
processor uses the calibration information from all of the 
stages to determine a single combined multi - stage response . 
The processor can then automatically calibrate the signal 
processing algorithm based on the combined response , such 
as by performing the inverse of the combined response or by 
performing some other suitable computation . 
[ 0082 ] In certain embodiments , one or more of the sys 
tems 300A , 300B of FIGS . 3A and 3B are configured to 
calibrate the processing of the sensor signal in response to 
calibration information stored on one or more of the infor 
mation elements 362 , 360 , 364 and / or one or more other 
information elements in the sensor path . 
[ 0083 ] In some embodiments , the system 300B may be 
capable of performing targeted noise compensation by 
reducing the effect of noisy components in the signal path . 
For example , the system of some embodiments identifies 
certain components or portions thereof which are contrib 
uting a relatively high amount of noise and adjusts the 
processing of the sensor signal accordingly . For example , 
the system 300B may identify and / or compensate for rela 
tively high noise stages by manipulating the responses ( e.g. , 
transfer functions ) associated with the corresponding stages 
during signal processing . One or more of the components 
can have programmable operating values , and the system 
may adjust one or more of those programmable values to 
identify and / or compensate for relatively high noisy stages . 
[ 0084 ] As described , other types of information in addi 
tion to calibration information can be stored on one or more 
of the information elements . For example , cable manage 
ment information that may be stored on the information 
element 360 may include information on cable usage , sensor 
usage , and / or monitor usage data may include , 
for example , information on the time the cable has been in 
use , enabling the physiological monitor 310 to determine 
when the sensor cable 312 is near the end of its life . Sensor 
usage data may include , for example , information on what 
sensors have been attached to the sensor cable 312 , for how 
long , and the like . Similarly , monitor usage data may 
include , for example , information on what monitors have 
been attached to the sensor cable 312 , for how long , and the 
like . More detailed examples of cable management infor 
mation are described below , with respect to FIG . 4 . 
[ 0085 ] Patient context information that may be stored on 
the information element 360 may include patient identifica 
tion data and patient flow data . In one example embodiment , 
patient identification data includes at least the patient's name 
and one or more identification numbers . Patient flow data 
may include , for example , details regarding the departments 

usage . Cable 



US 2020/0323511 A1 Oct. 15 , 2020 
8 

the patient has stayed in , the length of time therein , and 
devices connected to the patient . More detailed examples of 
patient context information may also be found below , with 
respect to FIG . 4 . 
[ 0086 ] Advantageously , in certain embodiments , the 
physiological monitor 310 uses the cable management infor 
mation in various embodiments to determine when to 
replace a cable in order to prevent cable failure . The physi 
ological monitor 310 may also use the information element 
360 to track sensor 350 and physiological monitor 310 use . 
Some implementations of the physiological monitor 310 
enable the physiological monitor 310 to transmit some or all 
of the cable management information to a central nurses ' 
station or to a clinician's end user device , such as is 
described in further detail with respect to FIG . 4. In some 
implementations , the physiological monitor 310 or a central 
nurses ' station sends an alarm to the end user device that 
alerts the user to impending cable failure . For example , a 
clinician might receive an alarm notification on a personal 
digital assistant ( PDA ) , pager , or the like , which enables the 
clinician to replace the cable before it fails . Patient context 
information , including identification information , may also 
be provided along with the alarm to help the clinician 
identify the cable with the patient . 
[ 0087 ] Moreover , the physiological monitor 310 may 
transmit some or all of the cable management information 
and / or patient context information to a central server ( see , 
e.g. , FIG . 13 ) . Inventory software on the central server can 
use this information to preemptively order new cables when 
cable inventory is low or at other times . 
[ 0088 ] Different sensors 350 and physiological monitors 
310 may be attached to the same sensor cable 312. Thus , the 
cable management information may also include a list of 
which sensors 350 and physiological monitors 310 have 
been attached to the cable 312 , how long they were attached , 
and the like . The physiological monitor 310 may also 
provide this information to the central server to keep track 
of or journal this information . The cable management infor 
mation is therefore used in some embodiments to derive 
patient monitoring metrics , which may be analyzed to moni 
tor or improve hospital operations . A hospital may use these 
metrics , for example , to determine when to replace cables or 
to determine whether personnel are using the cables improp 
erly or are damaging the cables through improper use . 
[ 0089 ] The patient context information in some embodi 
ments also enables the sensor cable 312 to be identified with 
a particular patient . As the sensor cable 312 of some 
embodiments may be transported with the patient when the 
patient is moved about the hospital , when the sensor cable 
312 is attached to different monitors 350 , the data stored in 
the information element 360 may be transferred to the new 
monitor 350. Thus , during the patient's stay at the hospital 
or at discharge , the information element 360 of certain 
embodiments has patient flow data that a hospital can use to 
monitor or improve operations . The flow data of multiple 
patients may be used , for instance , to determine the number 
of patients staying in a particular department at a given time 
and the equipment used during those patients ' stay . Knowing 
this information , the hospital can adjust equipment inven 
tories and staff assignments to more efficiently allocate 
hospital resources among the various departments . 
[ 0090 ] FIG . 3C illustrates an embodiment of a circuit 
300C for facilitating communication between a monitor and 
one or more information elements 390. The circuit 300C 

may be included in any of the cable or sensor assemblies 
described above , including in a splitter cable , a non - splitter 
cable , an instrument cable , a sensor cable , a sensor assembly , 
combinations of the same , and the like . In addition , the 
circuit 300C may be used in conjunction with the circuits 
500B and 500C in a single cable , e.g. , on the same circuit 
board , or in combination with multiple cables and / or sensor 
assemblies . 
[ 0091 ] Advantageously , in certain embodiments , the cir 
cuit 300C provides electrical decoupling for communica 
tions lines 377 , 379 , 382 , and 383 , which provide commu 
nications between a monitor and one or more information 
elements . In addition , the circuit 300C may provide sensor 
connection status to a monitor via a sensor detect circuit 372 . 
[ 0092 ] A decoupling circuit 540d shown includes digital 
decoupling logic to electrically decouple one or more infor 
mation elements and one or more sensors from the monitor . 
The decoupling circuit 540d includes transformers on a chip 
and associated logic that perform digital decoupling . In one 
embodiment , the decoupling circuit 540d is a ADuM130x 
series chip from Analog Devices . In other embodiments , 
optocouplers and / or other transformers are used . 
[ 0093 ] Communications lines 382 , 383 allow the monitor 
to transmit and receive data to and from one or more 
information elements 390. The line 382 is a monitor transmit 
line 382 , and the line 383 is a monitor receive line 383. Each 
of these lines 382 , 383 is electrically decoupled from the 
communications line 377 by the decoupling circuit 540d . 
The communication lines 377 , 379 may be electrically 
coupled with the one or more information elements 390 . 
[ 0094 ] In an embodiment , the communications line 377 is 
a bus , such as a 1 - wire bus . The communications line 377 
may be used to both transmit and receive data to and from 
the monitor . The communications line 379 may be used to 
receive data from the monitor . A MOSFET switch 376 or the 
like is in communication with the depicted communications 
line 379 , which selectively transmits signals to the one or 
more information elements 390 . 
[ 0095 ] The monitor receive line 383 is in communication 
with a power validation circuit 378 , which determines 
whether the feedback power VFB described above with 
respect to FIG . 3C is high enough . If the feedback power 
VFB is too low , the data received from the information 
elements 390 may not be used because the data may be 
corrupt . 
[ 0096 ] In the depicted embodiment , the power validation 
circuit 378 includes a comparator 389 that compares the 
feedback power VFB with a reference voltage . If the feed 
back power VFB is equal to or higher than the reference 
voltage , the comparator 389 might output a high voltage . 
This high voltage can be selectively overridden by a MOS 
FET switch 387 in response to communications received 
from the information elements 390. If the feedback power 
VFB is lower than the reference voltage , the comparator 389 
might output a low voltage . The low voltage can override the 
MOSFET switch 387 such that communications from the 
information elements 390 are not sent to the monitor . 
[ 0097 ] In the depicted embodiment , sensor connection 
status is provided to the monitor via the sensor detect circuit 
372. The sensor detect circuit 372 includes a sensor detect 
line 375 in communication with a pull - up resistor 373. When 
a sensor 385 is not connected to the line 375 , the line 375 
may be pulled high . This high voltage may be inverted by a 
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MOSFET switch 374 to provide a low signal to the monitor 
via sensor connect line 381. The switch 374 may be omitted 
in some embodiments . 
[ 0098 ] In response to a sensor 385 being connected to the 
sensor detect line 375 , a shorted line 386 ( or low resistance 
line ) in the sensor 385 can cause the line 375 to be pulled 
low . This low value can be inverted by the switch 374 to 
provide a high signal to the monitor . This signal can indicate 
that the sensor 385 is connected . Conversely , if the sensor 
385 is disconnected , the line 375 may again be pulled high , 
resulting in a low output of the switch 374. As a result , the 
monitor may receive a rapid or near - immediate indication 
that the sensor 385 has been disconnected . 
[ 0099 ] The sensor detect circuit 372 also includes passive 
elements in the depicted embodiment , such as a capacitor 
391 , to smooth or debounce contact oscillations from the 
sensor 385. Thus , the sensor detect circuit 372 can also be 
considered a debounce circuit . In other embodiments , the 
sensor detect circuit 372 can be replaced with other forms of 
debounce circuitry . 
[ 0100 ] Advantageously , in certain embodiments , the sen 
sor detect circuit 372 can be used instead of polling the one 
or more information elements 390 frequently to determine if 
the sensor 385 is connected . Alternatively , the polling cycle 
of the one or more information elements 390 may be 
reduced . Reducing or eliminating the polling cycle can 
reduce power consumption by the circuit 300C . 
[ 0101 ] The sensor detect circuit 372 may be used to detect 
the connection of cables , such as a splitter cable , as well as 
or instead of detecting sensor connections . In some embodi 
ments , a sensor detect line 375 may be provided for each 
sensor in a multi - sensor system , each cable , or the like . 
Moreover , the sensor detect circuit 372 may also be used 
with cables that do not have a decoupling circuit . 
[ 0102 ] FIG . 4 illustrates a block diagram of example 
forms of data that can be stored on an information element 
460. In the depicted embodiment , patient context informa 
tion 420 , cable management information 430 , physiological 
information 440 and calibration information 450 are shown . 
The patient context information can include patient identi 
fication data 422 and patient flow data 424. Cable manage 
ment information 430 can include cable usage data 432 , 
sensor usage data 434 , and instrument usage data 436 . 
However , while the data is depicted in FIG . 4 as comprising 
discrete categories , data from one category may be included 
within another . Data from one or more categories also may 
not be included , or alternatively , additional data categories 
than that shown may be included . 
[ 0103 ] The calibration information 450 may be related to 
the characteristics of the components attached to the system . 
For example , each information element may store informa 
tion related to behavioral characteristics of the correspond 
ing component ( e.g. , a sensor or cable ) to which it is 
attached . 
[ 0104 ] Such information can include electrical properties 
such as capacitances , impedances , resistances , and the like . 
The information element 460 may further store mechanical 
properties such as a mechanical sensitivity of a sensing 
element . For example , in an embodiment , an acoustic sensor 
assembly includes a piezoelectric membrane that vibrates in 
response to mechanical vibrations generated by the physi 
ological sounds of a patient . The membrane generates a 
corresponding voltage signal . The mechanical sensitivity of 

such a device , or the mechanical properties of other 
mechanical components can be stored in the information 
element 460 . 
[ 0105 ] Additionally , frequency response characteristics 
such as cut - in and cut - off values can be stored . These cut - in 
and cut - off values can be mechanical values , such as for a 
piezoelectric membrane of an acoustic sensor , or electrical 
cut - in and cut - off values , such as for one or more circuit 
components . In addition to having their ordinary meaning , 
mechanical cut - in and cut - off frequencies may correspond to 
the lowest and highest frequency values , respectively , at 
which a particular component passes a signal from its input 
to its output . Saturation values and / or gain characteristics of 
certain components ( e.g. , circuit components ) may also be 
included . 
[ 0106 ] In addition to these specific examples and catego 
ries of calibration information , a wide variety of other 
calibration data may be used . Generally , any data related to 
characteristics of components in the sensor path may be 
stored . 
[ 0107 ] In one embodiment patient identification data 422 
can include a patient's name , a patient's unique hospital 
identification number , type of patient or body tissue , infor 
mation about the patient's age , sex , medications , and medi 
cal history , and other information that can be useful for the 
accuracy of alarm settings and sensitivities and the like . In 
addition , the patient identification data 422 may also include 
an Spo , fingerprint , determined by a pulse oximeter . In one 
such embodiment , the Spo , fingerprint is determined by 
calculating a ratio of an infrared detected wavelength and a 
red detected wavelength . The SpO2 fingerprint can be used 
to detect if a sensor or cable is being improperly reused . 
[ 0108 ] Patient flow data 424 can include a record of 
departments the patient has visited , length of stay ( LOS ) in 
those departments , overall LOS in the hospital , admittance 
date and time , discharge date and time , time stamps for 
events occurring in the hospital , and the like . Some or all of 
this information , in conjunction with the patient identifica 
tion data , can constitute a patient flow profile . 
[ 0109 ] Cable usage data 432 may include buyer or manu 
facturer information , cable type , serial number of the cable , 
date of purchase , time in use , and cable life monitoring 
functions ( CLM ) , including near expiration percentage , 
update period , expiration limit , and an index of functions . In 
addition , the cable usage data 432 may include numerous 
read write parameters , such as the number of times the cable 
is connected to a monitoring system , the number of times the 
cable has been successfully calibrated , the total elapsed time 
connected to a monitor system , the number of times the 
cable has been connected to one or more sensors , the total 
time used to process patient vital parameters , the cumulative 
current , voltage , or power applied to the cable , the cumu 
lative temperature of the cable , and the expiration status of 
the cable . 
[ 0110 ] In an embodiment , the number of times the cable is 
placed on or removed from a patient is monitored and an 
indication is stored in the memory . The number of times a 
sensor connected to the cable is placed on or removed from 
a patient can be monitored by monitoring the number of 
probe off conditions sensed , or it can be monitored by 
placing a separate monitoring device on the cable or sensor 
to determine when a sensor clip is depressed , opened , 
removed , replaced , attached , or the like . 
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[ 0111 ] In an embodiment , the average operating tempera 
ture of the cable is monitored and an indication stored . This 
can be done , for example , through the use of bulk mass or 
through directly monitoring the temperature of the cable or 
the temperature of the cable's connectors . In an embodi 
ment , the number of different monitors connected to the 
cable is tracked and an indication is stored in memory . In an 
embodiment , the number of times the cable is calibrated is 
monitored , and an indication is stored in memory . In an 
embodiment , the number of patients that use a cable is 
monitored and an indication is stored . This can be done by , 
for example , by storing sensed or manually entered infor 
mation about the patient and comparing the information to 
new information obtained when the cable is powered up , 
disconnected and / or reconnected , or at other significant 
events or periodically to determine if the cable is connected 
to the same patient or a new patient . In an embodiment , a 
user is requested to enter information about the patient that 
is then stored in memory and used to determine the useful 
cable life . In an embodiment , a user is requested to enter 
information about cleaning and sterilization of the cable , and 
an indication is stored in the memory . Although described 
with respect to measuring certain parameters in certain 
ways , various other electrical or mechanical measurements 
can be used to determine any useful parameter in measuring 
the useful life of a cable . 
[ 0112 ] Sensor usage data 434 can include some or all of 
the same information as the cable usage data but applied to 
sensors attached to the cable , and may also include infor 
mation on the type or operation of the sensor , type or 
identification of a sensor buyer , sensor manufacturer infor 
mation , sensor characteristics including the number of 
wavelengths capable of being emitted , emitter specifica 
tions , emitter drive requirements , demodulation data , calcu 
lation mode data , calibration data , software such as scripts , 
executable code , or the like , sensor electronic elements , 
sensor life data indicating whether some or all sensor 
components have expired and should be replaced , encryp 
tion information , monitor or algorithm upgrade instructions 
or data , or the like . In an embodiment , the sensor usage data 
434 can also include emitter wavelength correction data . 
[ 0113 ] Sensor usage data 434 can also include the number 
of emitting devices , the number of emission wavelengths , 
data relating to emission centroids , data relating to a change 
in emission characteristics based on varying temperature , 
history of the sensor temperature , current , or voltage , emitter 
specifications , emitter drive requirements , demodulation 
data , calculation mode data , the parameters it is intended to 
measure ( e.g. , HbCO , HbMet , etc. ) calibration data , soft 
ware such as scripts , executable code , or the like , sensor 
electronic elements , whether it is a disposable , reusable , or 
multi - site partially reusable , partially disposable sensor , 
whether it is an adhesive or non - adhesive sensor , whether it 
is reflectance or transmittance sensor , whether it is a finger , 
hand , foot , forehead , or ear sensor , whether it is a stereo 
sensor or a two - headed sensor , sensor life data indicating 
whether some or all sensor components have expired and 
should be replaced , encryption information , keys , indexes to 
keys or has functions , or the like monitor or algorithm 
upgrade instructions or data , and some or all of parameter 
equations . 
[ 0114 ] Instrument usage data 436 can include buyer or 
manufacturer information , information on the type of moni 
tors that the cable has connected to , number of monitors the 

cable has connected to , duration of cable connections to the 
monitors , duration of use of the monitor , trend history , alarm 
history , sensor life , an identification number for a specific 
monitor , and the like . In addition , the instrument usage data 
436 may include all or a portion of all the cable and sensor 
usage data described above . 
[ 0115 ] The physiological information 440 may include 
any of the physiological parameters described above , 
obtained from the sensors or monitors attached to the 
information element 460. In one implementation , the infor 
mation element 460 enables the physiological information 
440 to be transferred between physiological monitors . As a 
result , a historical view of the patient's physiological param 
eters may be provided to different monitors throughout the 
hospital . Thus , clinicians in different departments can 
observe the patient's physiological information obtained in 
a previous department , enabling clinicians to provide a 
higher quality of care . 
[ 0116 ] FIG . 5 illustrates a functional block diagram of an 
acoustic signal processing system 500. The block diagram 
illustrates components which may be included on portions of 
various stages of a monitoring system having a multi - stage 
sensor path , for example . The processing system 500 
includes an acoustic sensor 502 which can detect a physi 
ological signal and produces a corresponding voltage signal . 
In one embodiment , the sensor 502 is an acoustic sensor 
such as one of the acoustic sensors described herein and is 
configured to measure at least one of a patient's respiratory 
rate , heart sounds , and related parameters . 
[ 0117 ] The system 500 further includes front end circuitry 
504 configured to condition the analog electrical signal 
output by the sensor 502 for processing . The front end 
circuitry 504 includes a pre - amplification circuit 506 , one or 
more filters 508 , a high gain stage 510 , a low gain stage 512 , 
and an analog to digital converter ( ADC ) 514. The system 
500 further includes a digital signal processor ( DSP ) and a 
display 518 . 
[ 0118 ] The preamplification circuit 506 receives and 
amplifies the voltage signal from the sensor , such as by a 
predetermined gain . The one or more filters 508 modify the 
preamplified signal by , for example , smoothing or flattening 
the signal . In one embodiment , the one or more filters 508 
include a high pass filter which passes high frequency 
signals and attenuates low frequency signals . The one or 
more filters 508 may include other types of filters , such as 
low pass or bandpass filters may be used instead of , or in 
addition to a high pass filter in some embodiments . 
[ 0119 ] The output from the filter 508 is divided into two 
channels , for example , first and second channels 520 , 522. In 
some embodiments , more than two channels may be used . 
For example , 3 , 4 , 8 , 16 , 32 or more channels may be used . 
The voltage signal is transmitted on both first and second 
channels 520 , 522 to gain bank 509. The gain bank 509 in 
certain embodiments includes one or more gain stages . In 
the depicted embodiment , there are two gain stages 510 , 
512. A high gain stage 510 amplifies the voltage signal into 
a higher voltage signal . A low gain stage 512 in certain 
embodiments does not amplify or attenuates the voltage 
signal . In alternative embodiments , the low gain stage 512 
may amplify the voltage signal with a lower gain than the 
gain in the high gain stage 510 . 
[ 0120 ] The amplified signal at both first and second chan 
nels 520 , 522 then passes to an analog - to - digital converter 
( ADC ) 514. The ADC 514 has two input channels to receive 
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the separate output of both the high gain stage 510 and the 
low gain stage 512. The ADC bank 514 samples and 
converts analog voltage signals into digital signals . The 
digital signals then pass to the DSP 516 for processing . A 
display 518 then outputs a graphical display of one or more 
physiological parameters such as a respiratory rate , heart 
sounds , etc. , based on the processed signal . In certain 
embodiments , a separate sampling module samples the 
analog voltage signal and sends the sampled signal to the 
ADC 514 for conversion to digital form . Additionally , in 
certain embodiments two ADCs 514 may be used in place of 
one ADC 514 . 
[ 0121 ] A variety of configurations are possible for the 
processing system 500. For example , one or more of the 
illustrated components may not be included in certain 
embodiments . In other embodiments , additional components 
may be used instead of or in addition to the illustrated 
components . Example compatible processing systems 500 
are described in the ' 883 application and are incorporated by 
reference herein . 

Example Multi - Stage Calibration System Implementation 
[ 0122 ] As discussed , the various components of the acous 
tic processing system 500 may be dispersed throughout 
various stages of a monitoring system having a multi - stage 
sensor path . An example implementation of a multi - stage 
monitoring system capable of performing an example multi 
stage calibration process will now be described with refer 
ence to FIGS . 2 , 3 and 5. The example system includes a 
sensor path arrange ent compatible with those depicted in 
FIGS . 2 and 3 implementing an acoustic processing system 
such as the processing system 500 of FIG . 5. This example 
implementation is provided for the purposes of illustration , 
and is not limiting . 
[ 0123 ] Referring again to FIG . 2 , the sensor assembly 201 
including the sensor 215 and integrated sensor cable 217 
form a first stage in the example implementation . The 
instrument cable 211 forms a second stage and includes 
preamplification circuitry , such as the preamplification cir 
cuitry 506 of FIG . 5. By placing the preamplification circuit 
in a component other than the sensor , such as the instrument 
cable 211 , cost can be reduced . For example , in one embodi 
ment , a disposable sensor is used , or the sensor 215 other 
wise requires more frequent replacement than the reusable 
instrument cable 211. For example , the sensor 215 may 
become soiled or generally wear out more quickly than the 
instrument cable 211 , due to repeated contact with the 
patient , relatively more fragile componentry , etc. Thus , it is 
advantageous to reduce the cost and complexity of con 
structing the sensor 215 by moving the preamplification 
circuit to the instrument cable 211 . 
[ 0124 ] Additionally , in order to amplify the sensed signal 
for processing before significant attenuation or other signal 
degradation occurs , it can be desirable to place the pream 
plification circuit generally as close to the sensor as possible . 
Thus , in one embodiment , the preamplification circuitry is 
located on the connector 209 of the instrument cable 211 , 
which is adjacent to the sensor assembly 201 in an attached 
configuration . Thus , the preamplification circuitry in this 
embodiment is both relatively close to the sensor in the 
signal path and is on a separate component , achieving both 
performance benefit and cost savings . In other embodiments , 
the preamplification circuit resides on the sensor 215 or at 
some other location . 

[ 0125 ] The hub 220 forms a third stage , and a front end 
module in the monitor ( not shown ) forms a fourth stage and 
includes the components of the front end circuitry other than 
the pre - amplification circuit . For example , the front end 
module includes one or more filters , high and low gain 
stages , and an ADC such as those of the system 500 of FIG . 
5. In other embodiments , all of the front end circuitry is 
located in the monitor , some other stage , or is dispersed 
through the stages in some other manner . The monitor also 
houses a DSP and a display such as the DSP 516 and display 
518 of FIG . 5 . 
[ 0126 ] Additionally , each of the four stages include at least 
one associated information element . While the information 
elements may be located in a variety of locations , in the 
example embodiment the information elements associated 
with stages one through four are located on the connector 
205 of the integrated sensor cable 217 , the connector 209 of 
the instrument cable , within the housing of the hub 220 , and 
in the monitor , respectively . 
[ 0127 ] In the example implementation , the information 
element associated with the example first ( sensor ) stage is a 
1 Kbit EEPROM , although other types of information ele 
ments can be used . The information element stores data 
relating to the mechanical sensitivity of the piezoelectric 
sensing element , one or more mechanical cut - in and cut - off 
frequencies , and one or more capacitances associated with 
the sensor 215. In one embodiment , the mechanical sensi 
tivity may be determined by comparing the amplitude of an 
acoustic input signal to the amplitude of the resulting 
voltage signal . In addition to having its ordinary meaning , 
mechanical cut - in and cut - off frequencies may correspond to 
the lowest and highest frequency values , respectively , of 
physiological sounds that the sensor 215 is capable of 
detecting to produce a corresponding voltage signal . The 
capacitance values may correspond to one or more of the 
output capacitance of the sensor 215 , the capacitance of the 
integrated sensor cable 217 , a combination thereof , or some 
other capacitance . 
[ 0128 ] In one embodiment , the information element asso 
ciated with the example second ( instrument cable / preampli 
fier ) stage is a 1 Kbit EEPROM and includes information 
relating to characteristics of the preamplifier 506 such as one 
or more of a differential gain value , input impedance , cut - in 
and / or cut - off frequencies , a minimum saturation value , and 
the like . In one embodiment , the cut - in frequency is not 
stored in the EEPROM but is instead computed ( e.g. , by the 
monitor ) using the capacitance of the first stage and the input 
impedance of the second stage . Thus , by taking advantage of 
the information already stored in the previous stage , less 
memory space is used . As a result , smaller memory com 
ponents or less memory components may be used , providing 
potential cost savings . In other embodiments , the cut - in 
frequency is stored on the information element . 
[ 0129 ] The example third stage formed by the hub 220 
includes a 20 Kbit EEPROM which stores information 
related to the hub 220. As discussed , the hub 220 can include 
electrical decoupling circuitry . In the example embodiment , 
the hub 220 includes decoupling circuitry having an opto 
coupler and / or transformer such as the decoupling circuitry 
described herein with respect to the example hub 1720 of 
FIG . 17 . 
[ 0130 ] The decoupling circuitry may exhibit some amount 
of phase change and / or non - linear behavior such as signal 
compression , for example . Information is stored in the 
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information element which can be used to account for this 
behavior . For example , one or more coefficients are stored in 
the EEPROM which can be used to construct the curve of 
the non - linear response . Additional information related to 
the hub 220 is stored in the information element and can 
include , for example , a gain , cut - in and cut - off frequencies , 
output resistance , and minimum saturation level of the hub 
stage . 
[ 0131 ] As discussed , the fourth stage in the example 
embodiment is located on the monitor and includes the front 
end circuitry other than preamplifier , which is stored in the 
instrument cable 211. The information element associated 
with the fourth stage can be a flash memory , for example , 
and is configured to store calibration data related to the 
properties of the front end circuitry components . For 
example , such information can include gain and frequency 
cut - off values for the high gain channel , gain and cut - off 
frequency values for the low gain channel , etc. 
[ 0132 ] The fourth stage may also have a characteristic 
input gain value . In the example embodiment , this value is 
not stored by the information element but is instead com 
puted ( e.g. , by the monitor ) using the output resistance from 
the previous stage . Again , by taking advantage of stored 
information , less memory is used , providing cost savings . 
Alternatively , the input stage gain value may be stored on 
the information element . 
[ 0133 ] A processor in the monitor downloads the calibra 
tion information from the information elements of the four 
stages and performs the multi - stage calibration based on the 
information . For example , the processor may acquire or 
generate a mathematical representation of the responses 
( e.g. , transfer functions ) associated with one or more of the 
stages or portions thereof . The processor may then perform 
an appropriate computation to generally remove or modify 
the effect of the four stages or portions thereof on the sensor 
signal . For example , the processor may perform the math 
ematical inverse ( e.g. , inverse transfer functions ) of those 
responses . In general , any appropriate mathematical opera 
tion incorporating the calibration information may be used . 
[ 0134 ] While a variety of types of calibration information 
have been described with respect to the above example 
embodiment , a wide variety of other kinds of information 
( e.g. , quality control information , compatibility information , 
cable management information , patient context information , 
and / or physiological information , etc. ) may be stored in 
other configurations . Additionally , other or additional types 
of components including different information elements , 
front end circuitry components , sensors , cables , etc. , are 
contemplated . Moreover , while the example implementation 
involves a system incorporating an acoustic sensor , systems 
having other types of sensors ( e.g. , optical sensors such as 
pulse oximeter sensors ) may also incorporate the multi - stage 
calibration described herein . 
[ 0135 ] In the example implementation , physically sepa 
rable components generally form separate stages . In other 
embodiments , stages may be delineated in some other man 
ner , such as based on functionality rather than physical 
separability . Additionally , in some embodiments , one or 
more physically separable components do not include cali 
bration information and the monitor does not factor in 
characteristics associated with that component in the adap 
tive processing . 
[ 0136 ] In certain embodiments the monitoring system is a 
“ restricted access ” system , which generally only functions 

with quality - controlled components that are authorized or 
compatible , such as components or families of components 
from a specific manufacturer or licensed vendor . This 
restricted access functionality can ensure proper functioning 
and quality of the monitoring system , for example , provid 
ing safety benefits . 
[ 0137 ] In such systems , each of the information elements 
may include authentication information indicating that the 
corresponding component is compatible with the system . 
The authentication information may include predetermined 
data such as a key or other information capable of identi 
fying the respective component as a compatible with the 
system . 
[ 0138 ] The monitoring device can be configured to read 
the authentication information and verify that each of the 
attached components is authorized or otherwise compatible 
with the system . If the components are compatible , the 
monitoring device enables physiological monitoring . On the 
other hand , if one or more of the components do not have the 
appropriate authentication information , the monitoring 
device disables the monitoring function . Such authentication 
information may be stored in combination with the calibra 
tion information discussed above . 
[ 0139 ] In some embodiments , only select components in 
the system require authentication by the monitor . For 
example , in one embodiment , the sensor is the only device 
including authentication information . 
[ 0140 ] Examples of restricted access technology compat 
ible with embodiments described herein are provided in U.S. 
Pat . No. 7,843,729 , titled “ Pulse Oximeter Access Apparatus 
and Method , ” the disclosure of which is hereby incorporated 
by reference in its entirety . 
[ 0141 ] FIG . 6 illustrates a flowchart diagram of an 
example physiological monitoring process 600 incorporat 
ing multi - stage calibration . In one embodiment , the process 
600 begins at step 602 , where the process 600 determines 
whether a compatible multi - stage sensor path is appropri 
ately connected to the monitor . The process 600 may enter 
step 602 when it receives an indication that a user would like 
to begin physiological monitoring , for example . In another 
embodiment , the process 600 may enter step 602 when it 
detects that one or more components have been connected to 
the monitor . 
[ 0142 ] At step 602 , for example , the process 600 may 
electrically ping or otherwise communicate with the com 
ponents in the sensor path ( e.g. , sensors , cables , etc. ) to 
determine whether a compatible sensor path configuration is 
connected to the monitor . In one embodiment , the process 
600 downloads and verifies quality control and / or authenti 
cation information from each of the stages in the sensor path 
at step 602 to determine if the sensor path configuration is 
compatible . Generally , any of the types of information 
described herein can be advantageously used in the com 
patibility determination ( e.g. , quality control information , 
cable management information , patient context information , 
and / or physiological information ) . If one or more of the 
sensor path stages are not compatible or are not appropri 
ately connected , the process 600 waits . 
[ 0143 ] If the components of the multi - stage sensor path 
are appropriately connected , the process 600 of some 
embodiments obtains calibration information from informa 
tion elements associated with one or more of the stages at 
step 604. For example , the process may download calibra 
tion information from one or more of a sensor , instrument 
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cable , splitter cable , front - end circuitry , and / or some other 
component . In one embodiment , the process 600 downloads 
the information from the attached components serially , such 
as in the order in which they are connected . In other 
embodiments , the process 600 may receive the information 
in parallel from one or more of the stages , or in another 
suitable manner . 
[ 0144 ] The process 600 continues to step 606 , where the 
process 600 adjusts one or more signal processing param 
eters of the physiological monitor based on the calibration 
information . For example , the process 600 determines the 
characteristic response associated with one or more of the 
stages or portions thereof using the calibration information . 
In some embodiments , the process 600 then adjusts one or 
more parameters of a signal processing algorithm using the 
determined responses or other calibration information . 
[ 0145 ] At step 608 , the process 600 processes the detected 
signal according to the adjusted processing parameters . For 
example , the process 600 may perform multi - stage calibra 
tion by applying the inverse of one or more of the calculated 
sensor path stage responses as described herein , or by 
performing some other compatible operation . In general , any 
of the automatic calibration techniques described herein may 
be used , such as those described with respect to FIG . 2 , 3B , 
or 5 , for example . In other configurations , some other 
appropriate algorithm or technique is used . 
[ 014 ] In addition to the automatic calibration operation , 
the process 600 at step 608 may apply appropriate further 
processing to the signals to extract the physiological signal 
or signals . At step 610 , the process 600 provides a graphical 
display of one or more physiological parameters based on 
the processed signal or signals . Until monitoring is discon 
tinued , the process 600 of certain embodiments generally 
continues to process the signal and display the physiological 
parameter by repeating steps 608 and 610 . 

manufacturing . But this approach would be cost - inefficient 
for buyers who wish to use only one sensor with the device . 
[ 0149 ] Accordingly , in certain embodiments , the decou 
pling circuitry is provided in a medical cable assembly . The 
medical cable assembly includes , in some embodiments , a 
splitter cable that interfaces multiple physiological sensors 
with a single sensor port on a physiological monitor . Advan 
tageously , in certain embodiments , the medical cable assem 
bly allows multiple sensors to connect to a monitor while 
reducing the risk of electric shock to a patient . 
[ 0150 ] FIGS . 7A and 7B illustrate embodiments of physi 
ological monitoring systems 700A , 700B interfacing with 
multiple sensor assemblies 750. The physiological monitor 
ing systems 700A , 700B each include a physiological moni 
tor 710 , a splitter cable 720 , two cables 730 , and two sensor 
assemblies 750. The physiological monitoring systems 
700A , 700B may include all of the features of the physi 
ological monitoring system 100 described above . 
[ 0151 ] In the physiological monitoring system 700A of 
FIG . 7A , a patient decoupling circuit 740a is provided in one 
of the cables 7306. In the physiological monitoring system 
700B of FIG . 7B , the patient decoupling circuit 740b is 
provided in the splitter cable 7206. These patient decoupling 
circuits 740a , 740b can reduce or prevent ground loops from 
forming in the patient and / or in the physiological monitoring 
system 700. Although not shown , a decoupling circuit could 
instead be provided in one or both of the sensor assemblies 
750 . 
[ 0152 ] The physiological monitor 710 processes and out 
puts physiological information received from sensors 
included in the sensor assemblies 750a , 750b . The physi 
ological monitor 710 of certain embodiments includes a 
power decoupling circuit 715 , a processing board 717 , and 
a connector 719. The power decoupling circuit 715 may be 
a transformer or the like that decouples power ( e.g. , AC 
electrical power ) received from a power source ( such as an 
electrical outlet ) and the circuitry of the physiological moni 
tor 710. The power decoupling circuit 715 prevents or 
substantially prevents current spikes from damaging the 
other components of the physiological monitor 710 or the 
patient . In embodiments where the physiological monitor 
710 receives power from another source , such as batteries , 
the power decoupling circuit 715 may not be included . 
[ 0153 ] The processor 717 of certain embodiments is a 
microprocessor , digital signal processor , a combination of 
the same , or the like . The processor 717 receives power from 
the power decoupling circuit 715. In some implementations , 
the processor 717 processes physiological signals received 
from the sensors 750 and outputs the processed signals to a 
display , storage device , or the like . In addition , the processor 
717 may communicate with an information element ( e.g. , a 
memory device ) included in a cable or sensor . Information 
elements are discussed in greater detail herein with respect 
to FIGS . 3 through 6 and 11 through 17 . 
[ 0154 ] The connector 719 includes a physical interface for 
connecting a cable assembly to the physiological monitor 
710. In the embodiment shown in FIGS . 7A and 7B , a single 
connector 719 is provided . Additional connectors 719 may 
also be included in some implementations . One embodiment 
of a physiological monitor having additional connectors 719 
is described below with respect to FIG . 8 . 
[ 0155 ] The splitter cable 720 is provided in some embodi 
ments to enable the physiological monitor 710 having one 
connector 719 to interface with multiple sensors 750. The 

Further Compatible Embodiments 
[ 0147 ] Multiple sensors are often applied to a medical 
patient to provide physiological information about the 
patient to a physiological monitor . Some sensors , including 
certain optical and acoustic sensors , interface with the 
monitor using a cable having power , signal , and ground lines 
or wires . One or more these lines can pose an electric shock 
hazard when multiple sensors are attached to the patient . If 
an electrical potential exists in the ground line , for instance , 
a ground loop can form in the patient or in the ground line , 
allowing unwanted current to pass through the patient 
through the ground line . Power fluctuations or surges , such 
as from a defibrillator , can potentially harm the patient and 
damage the monitor or the sensors . 
[ 0148 ] This disclosure describes decoupling circuitry that 
can be used to prevent or substantially prevent ground loops 
and other current loops from forming . Using decoupling 
circuitry in this manner can be referred to as providing 
sensor isolation , patient isolation , patient protection , sensor 
decoupling , or the like . Currently available physiological 
monitors that connect to one sensor at a time using a single 
cable may not have this decoupling circuitry . Upgrading 
these monitors to receive two or more sensors can create the 
shock hazard described above unless protective circuitry is 
added to these monitors . For existing single - sensor moni 
tors , adding this circuitry might require a costly upgrade of 
the monitors ' internal components . For new single - sensor 
monitors , the decoupling circuitry could be added during 
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splitter cable 720 interfaces with the connector 719 through 
a monitor connector 721 in the splitter cable 720. In the 
depicted embodiment , where the splitter cable 720 interfaces 
with two sensors 750 , cable sections 722 of the splitter cable 
720 , which branches into two sections generally forming a 
“ Y ” shape or the like . Thus , the splitter cable 720 can be a 
Y cable or the like . While the splitter cable 720 is shown 
forming a “ Y ” shape , other configurations and shapes of the 
splitter cable 720 may be used . For example , the splitter 
cable 720 could branch into more than two cable sections 
722 to interface with more than two sensors 750 . 
[ 0156 ] The cable sections 722 are shown connected to the 
monitor connector 721 and two cable connectors 723. In 
some embodiments , the cable sections 722 branch into more 
than two parts and connect to more than two cable connec 
tors 723. In addition , in some embodiments the splitter cable 
720 couples directly to two or more sensors 750 . 
[ 0157 ] Some embodiments of the splitter cable 720 
include one or more lines , conductors , or wires per cable 
connector 723. One line might be provided , for example , to 
interface with one or more electrocardiograph ( ECG ) sen 
sors . Two or three lines might be provided per cable con 
nector 723 , for example , to interface with an optical or 
acoustic sensor . For instance , three lines might be provided , 
including a power line , a signal line , and a ground line ( see 
FIGS . 4 and 5 ) . The power line powers the sensor 750 , the 
signal line receives signals from the sensor 750 , and the 
ground line acts as an electrical return path for the power 
and / or signal lines . In some embodiments , one or more of 
the lines coming from one sensor 750a are placed at a 
predetermined distance from one or more of the lines 
coming from another sensor 750b to reduce cross - talk 
interference between the sensors 750. One or more electro 
magnetic shielding and / or insulating layers may also be 
provided to help reduce cross - talk . Lines from different 
sensors may merge into a shared line that connects electri 
cally to the monitor 710 , and some form of multiplexing 
might be used to allow the different sensors to communicate 
along the shared lines . 
[ 0158 ] The cables 730a , 730b interface with the splitter 
cable 720 in the depicted embodiment through cable con 
nectors 731. In certain embodiments , each cable 730 also 
includes a cable section 732 and a sensor connector 733 that 
connects to a sensor 750. The cable section 732 in some 
implementations includes one or more lines or wires for 
communicating with the sensor 750. For example , a power 
line , sensor line , and ground line may be provided that 
correspond to the power line , sensor line , and ground line in 
the example splitter cable 720 described above . 
[ 0159 ] In an embodiment , one of the cables 730 includes 
the decoupling circuit 740a . In FIG . 7A , for example , the 
decoupling circuit 740a is shown in the cable section 732 of 
the cable 7306. The decoupling circuit 740a may also be 
placed in the cable connector 731 or the sensor connector 
733 , or in a combination of one or more of the connectors 
731 , 733 and / or the cable section 732. In another exemplary 
embodiment , FIG . 7B shows that the decoupling circuit 
740b can be included in one of the cable sections 722 of the 
splitter cable 720b . The decoupling circuit 740b may also be 
placed in the monitor connector 721 or the sensor connector 
723 , or in a combination of the cable sections 722 and / or one 
or more of the connectors 721 , 723 . 
[ 0160 ] Multiple decoupling circuits 740 may also be pro 
vided in one or more of the cables 730 and / or in the splitter 

cable 720 in other embodiments . In particular , in one 
embodiment when N cables 730 are provided ( or one splitter 
cable 720 with N connectors 723 ) , N - 1 decoupling circuits 
740 are provided in N - 1 of the cables 730 or in the various 
sections of the splitter cable 720 . 
[ 0161 ] The decoupling circuit 740 of certain embodiments 
electrically decouples a sensor 750 from the physiological 
monitor 710. In addition , the decoupling circuit 740 can 
electrically decouple one sensor ( e.g. , the sensor 750b ) from 
another sensor ( e.g. , the sensor 750a ) in certain embodi 
ments . The decoupling circuit 740 can be a transformer , an 
optocoupler , a DC - DC converter , a switched - mode con 
verter , or the like or a combination of the foregoing . In 
addition , the decoupling circuit 740 can include one or more 
optical fibers . An optical fiber may be used in place of the 
signal line , for example . More detailed embodiments of the 
decoupling circuit 740 are described below with respect to 
FIGS . 9 and 10 . 
[ 0162 ] The sensors 750 connect to the sensor connectors 
733 of the cables 730. In an embodiment , one of the sensors 
750 is an optical sensor , such as a multiple wavelength 
oximetry sensor . The other sensor 750 in one embodiment is 
an acoustic sensor . In addition , the sensor 750 may be an 
acoustic sensor that also monitors ECG signals , such as is 
described in U.S. Provisional Application No. 60 / 893,853 , 
titled “ Multi - parameter Physiological Monitor , ” and filed 
Mar. 8 , 2007 , the disclosure of which is hereby incorporated 
by reference in its entirety and U.S. application Ser . No. 
12 / 044,883 , titled “ SYSTEMS AND METHODS FOR 
DETERMINING A PHYSIOLOGICAL CONDITION 
USING AN ACOUSTIC MONITOR , ” and filed Mar. 7 , 
2008. Many other types of sensors 250 can also be used to 
monitor one or more physiological parameters . 
[ 0163 ] FIG . 8 illustrates another embodiment of a physi 
ological monitoring system 800 having multiple cables 730 . 
The physiological monitoring system 800 may have certain 
of the features of the physiological monitoring systems 100 , 
700 described above . For example , like the physiological 
monitoring system 700 described above , the physiological 
monitoring system 800 includes a physiological monitor 
810 , two cables 730 , and two sensors 750. In the physi 
ological monitoring system 800 , a decoupling circuit 740 is 
provided in one of the cables 7306 . 
[ 0164 ] Like the physiological monitor 710 , the physiologi 
cal monitor 810 includes a power decoupling circuit 715 and 
a processor 717. Unlike the physiological monitor 710 , 
however , the physiological monitor 810 includes two con 
nectors 819 for interfacing directly with two cables without 
using a splitter cable . To save costs for users who will use 
only one sensor 750 with the physiological monitor 810 , a 
decoupling circuit 740 is not provided in the physiological 
monitor 810. Instead , the decoupling circuit 740 can be 
provided in a separate cable 730b that can be used with the 
physiological monitor 810 . 
[ 0165 ] For example , a user might use one cable 730a and 
sensor 750a at a time with the physiological monitor 810 . 
Since only one sensor 750a is being used , ground or other 
current loops are less likely to form in the patient . If the user 
later wishes to use additional sensors 750 , the user can 
obtain a cable 7306 having the decoupling circuit 740. Using 
the cable 730b can beneficially allow the user to continue 
using the physiological monitor 810 without performing an 
upgrade to the physiological monitor's 810 internal compo 
nents . 
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[ 0166 ] FIG . 9 illustrates another embodiment of a physi 
ological monitoring system 900 having multiple cables 930 . 
The physiological monitoring system 900 may have certain 
of the features of the physiological monitoring systems 100 , 
700 , 300 described above . For example , like the physiologi 
cal monitoring systems described above , the physiological 
monitoring system 900 includes a physiological monitor 
910 , two cables 930 , and two sensors 950. The features 
described with respect to FIG . 9 may also be applied to a 
monitoring system having a splitter cable instead of multiple 
cables . 
[ 0167 ] In the depicted embodiment , the cables 930 are 
shown connected to the physiological monitor 910 and to the 
sensors 950. Connectors 919 in the physiological monitor 
910 couple with connectors 931 of the cables 930 , and 
connectors 933 of the cables couple with connectors 951 of 
the sensors 950. A cable section 932 extends between the 
connectors 931 , 933 of each cable . 
[ 0168 ] The cable 930a includes a power line 962a , a 
ground line 964a , and a signal line 966a extending from the 
connector 931 to the connector 933. These lines form 
electrical connections with corresponding power , ground , 
and signal lines in the connector 919a of the physiological 
monitor 910 and in the connector 951a of the sensor 950a . 
Likewise , the cable 930b includes a power line 962b , a 
ground line 964b , and a signal line 966b . These lines form 
electrical connections with corresponding power , ground , 
and signal lines in the connector 919b of the physiological 
monitor 910. In addition , these lines extend from the con 
nector 931 to a decoupling circuit 940. A power line 972 , 
ground line 974 , and signal line 976 extend from the 
decoupling circuit 940 to the connector 931 to form elec 
trical connections with corresponding power , signal , and 
ground lines in the connector 951b of the sensor 950b . The 
cable section 932 can also include one or more electrical 
insulation and shielding layers , materials , or fillers . 
Although not shown , one or more of the cables 930a , 930b 
may also include one or more communications lines for 
communicating with information elements . 
[ 0169 ] In the depicted embodiment , the ground line 964a 
is connected to the ground line 964b in the physiological 
monitor 910 through line 964c . When both sensors 950 are 
placed on a patient , the ground lines 964a and 979b may also 
be in electrical communication through the patient , as illus 
trated by the dashed line 984. If the decoupling circuit 940 
were not present in one of the cables 930 , a ground loop 
might be formed along the lines 964a , 9645 , 9640 , 974 , and 
984 ( illustrated with bold lines ) due to , for example , a 
difference in electrical potential in the lines 964a , 964b , 
964c , and 974. While not shown in bold , current loops might 
also form in some cases among the power lines 962a , 962b , 
972 or the signal lines 966a , 9666 , 976 . 
[ 0170 ] Advantageously , in certain embodiments , the 
decoupling circuit 940 reduces the risk of a ground or other 
loop forming by decoupling one or more of the power lines 
962b , 972 , the signal lines 964b , 974 , or the ground lines 
964b , 974. More detailed embodiments illustrating how the 
decoupling circuit 940 could decouple one or more lines is 
described below with respect to FIGS . 10A through 10C and 
FIG . 3C . 
[ 0171 ] While only one decoupling circuit is shown , in 
other embodiments , multiple decoupling circuits may be 
provided in one cable 930. For instance , a first decoupling 
circuit could be connected to the power line 962b and the 

ground line 966b , and a second decoupling circuit could be 
connected to the signal line 964b and to the ground line 
966b . In addition , in certain embodiments , there may be a 
decoupling circuit in each cable 930a , 930b . 
[ 0172 ] FIG . 10A illustrates a more detailed embodiment of 
a decoupling circuit 1040a suitable for use with any of the 
embodiments discussed herein . The decoupling circuit 
1040a may include all the features of the decoupling circuits 
740 , 840 , and 940 described above . For example , the decou 
pling circuit 1040a may be included in a medical cable 
assembly , such as a splitter cable , medical cable , or the like , 
or in a sensor assembly . The decoupling circuit 1040a can 
decouple electrical signals and prevent or reduce ground or 
other conducting loops from forming and can protect against 
current surges in a multi - sensor physiological monitoring 
system . 
[ 0173 ] The decoupling circuit 1040a is shown within 
dashed lines . The decoupling circuit 1040a of various 
embodiments receives a signal line 1062a , a power line 
1066a , and a ground line 1064a . These lines can be con 
nected to a physiological monitor ( not shown ) . In addition , 
the decoupling circuit 1040a receives a signal line 1072a , a 
power line 1076a , and a ground line 1074a , which may be 
connected to a sensor ( not shown ) . 
[ 0174 ] In an embodiment , the power line 1066a provides 
power from a physiological monitor to the decoupling 
circuit 1040a , which provides the power to the sensor 
through the power line 1076a . The signal line 1072a pro 
vides a physiological signal from the sensor to the decou 
pling circuit 1040a , which provides the physiological signal 
to the monitor through the signal line 1062a . The ground 
lines 1064a and 1074a act as return paths for their respective 
signal and power lines 1062a , 1066a , 1072a , 1076a . 
[ 0175 ] The decoupling circuit 1040a , in some implemen 
tations , includes an optocoupler 1042a and a transformer 
1044a . The optocoupler 1042a receives physiological sig 
nals from the sensor line 1072a and provides the signals to 
the sensor line 1062a optically using , for example , a pho 
todiode 1046a and a phototransistor 1048a . Because the 
signals are transmitted optically , in certain embodiments 
there is no electrical contact between the signal lines 1062a , 
1072a . Similarly , the transformer 1044a provides power 
from the power line 1066a to the power line 1076a without 
electrical contact between the lines 1066a , 1076a . Through 
mutual inductance , electromagnetic energy is transferred 
from one winding 1050a of the transformer 1044a to another 
winding 1052a . Because the signals are transmitted using 
mutual inductance , there is no electrical contact between the 
power lines 1066a , 1076a . 
[ 0176 ] In certain embodiments , because the power lines 
1066a , 1076a and signal lines 1062a , 1072a are electrically 
decoupled , the ground lines 1064a , 1074a can also be 
electrically decoupled . As shown , a ground line 1043a of the 
optocoupler 1042a on the monitor side connects to the 
ground line 1064a , and a ground line 1053a of the opto 
coupler 1042a on the sensor side connects to the ground line 
1074a . As a result , the risk of ground loops forming in the 
patient may be reduced or eliminated . 
[ 0177 ] Many other configurations of the decoupling cir 
cuit 1040a may be employed . For instance , a second opto 
coupler 1042a may be used in place of the transformer 
1044a , or a second transformer 1044a may be used in place 
of the optocoupler 1042a . In addition , some forms of 
DC - DC converters or switched mode converters may be 
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used in place of either the optocoupler 1042a or the trans 
former 1044a . Alternatively , one or more optical fibers may 
be used . 
[ 0178 ] Moreover , one or more optical fibers can be used 
instead of the optocoupler 1042a or the transformer 1044a . 
Because the optical fibers transmit optical , rather than elec 
trical signals , using optical fibers in certain embodiments 
beneficially reduces the likelihood of ground loops forming 
in the patient . In one example embodiment , the optocoupler 
1042a in FIG . 10A is replaced with an optical fiber , but the 
transformer 1044a is still included in the decoupling circuit 
1040a . The optical fiber allows signals to be transmitted 
through the signal line while preventing current from pass 
ing through the signal line . In addition , if optical fibers are 
used for the signal lines of multiple sensors , the optical 
fibers can also reduce cross - talk interference among the 
signal lines . 
[ 0179 ] FIG . 10B illustrates an embodiment of a circuit 
1000B that includes a decoupling circuit 10406. The decou 
pling circuit 1040b may include all the features of the 
decoupling circuits 240 , 340 , and 440 described above . For 
example , the decoupling circuit 1040b may be included in a 
medical cable assembly , such as a splitter cable , medical 
cable , or the like , or in a sensor assembly . 
[ 0180 ] The decoupling circuit 1040b is shown decoupling 
a signal line 1062b connected to a monitor from a signal line 
1072b connected to a sensor . In the depicted embodiment , 
the decoupling circuit 1040b is an analog optocoupler . The 
decoupling circuit 1040b includes a transmitting photodiode 
1041 and two receiving photodiodes 1045a , 1045b for 
feedback control . 
[ 0181 ] The transmitting photodiode 1041 receives physi 
ological signals from the signal line 1072b via a feedback 
circuit 1057 ( described below ) . The transmitting photodiode 
1041 transmits the physiological signals to both of the 
receiving photodiodes 1045a , 1045b . The receiving photo 
diode 1045b transmits the signals it receives from the 
transmitting photodiode 1041 to the monitor via signal line 
1062b . The receiving photodiode 1045a transmits the sig 
nals it receives to a feedback circuit 1057 . 
[ 0182 ] Many diodes are inherently unstable due to non 
linearity and drift characteristics of the diodes . As a result of 
such instability , the signal produced by the transmitting 
photodiode 1041 may not correspond to the signal provided 
by the signal line 1072b from the sensor . The receiving diode 
1045a can therefore be used as a feedback diode to provide 
a received signal to the feedback circuit 1057 . 
[ 0183 ] The feedback circuit 1057 can include an amplifier 
or the like that adjusts its output provided to the transmitting 
photodiode 1041 based at least partly on a difference 
between the signal of the transmitting photodiode 1041 and 
the receiving diode 1045a . Thus , the feedback circuit 1057 
can correct for errors in the transmitted signal via feedback 
from the feedback or receiving diode 1045a . 
[ 0184 ] FIG . 10C illustrates another embodiment of a cir 
cuit 1000C that includes a decoupling circuit 1040c . The 
decoupling circuit 1040c may include all the features of the 
decoupling circuits 740 , 840 , and 940 described above . For 
example , the decoupling circuit 1040c may be included in a 
medical cable assembly , such as a splitter cable , medical 
cable , or the like , or in a sensor assembly . 
[ 0185 ] The decoupling circuit 1040c is shown decoupling 
a power line 1066c connected to a monitor from a power line 
1076c connected to a sensor . The decoupling circuit 10400 

can be used together with the decoupling circuit 1040b of 
FIG . 10B in some embodiments . For example , the decou 
pling circuits 1040b , 1040c may be provided on the same 
circuit board . Like the decoupling circuit 10406 , the decou 
pling circuit 1040c uses feedback to dynamically correct or 
control the output of the decoupling circuit 1040c . 
[ 0186 ] The decoupling circuit 1040c in the depicted 
embodiment is a flyback transformer having two primary 
windings 1050c , 1051c and one secondary winding 1052c . 
The primary winding 1050c receives power ( VIN ) from the 
power line 10660. A switched mode power supply 1060 also 
receives power ( VIN ) from the power line 1066c . In an 
embodiment , the switched mode power supply 1060 is a 
DC - DC converter or the like . A switch pin 1062 of the power 
supply 1060 can be enabled or otherwise actuated to allow 
power ( VIN ) to cycle through the primary winding 1050c . 
The switch pin 1062 may cause the power to be switched 
according to a predetermined duty cycle . Feedback may be 
used , as described below , to maintain a stable or relatively 
stable duty cycle . 
[ 0187 ] As the primary winding 1050c is being energized , 
the primary winding 1050c may store energy in itself and in 
a core 1063 of the transformer . Through inductive coupling , 
this energy may be released into the secondary winding 
1052c and into the primary winding 1051c . The polarity of 
the windings 1052c , 1051c ( as indicated by the dots on the 
windings ) may be the same to facilitate the transfer of 
energy . Likewise , the polarity of the windings 1052c , 10510 
may differ from the polarity of the winding 1050c . 
[ 0188 ] Like the feedback receiving photodiode 1045a 
described above , the primary winding 1051c acts as a 
flyback winding in certain embodiments to transmit the 
received power as a feedback signal . A rectifier 1065 recti 
fies the power received from the primary winding 1051c and 
provides a feedback power VFB to a feedback pin 1066 of 
the power supply 1060. The power supply 1060 may then 
use the difference between the received feedback power 
VFB and the transmitted power VIN to adjust VIN to 
compensate for any error in the transmitted power . For 
example , the power supply 1060 can adjust the duty cycle 
described above based at least partly on the error , e.g. , by 
increasing the duty cycle if the VFB is low and vice versa . 
This flyback operation can advantageously maintain a stable 
or substantially stable power duty cycle despite varying load 
conditions on the decoupling circuit 1040c . 
[ 0189 ] The secondary winding 1050c can provide an out 
put to a linear power supply 1070 , which may rectify the 
received power , among other functions . The linear power 
supply 1070 may provide the power to the power line 10760 
for transmission to the sensor . 
[ 0190 ] FIGS . 11A and 11B illustrate an example splitter 
cable 1120. FIG . 11 A depicts a side view of the splitter cable 
1120 while FIG . 11B depicts a bottom view of the splitter 
cable 1120. The splitter cable 1120 includes a housing 1107 
that includes a circuit board 1140 having a decoupling 
circuit , show in phantom . The housing 1107 further includes 
wires 1142 , also shown in phantom , in communication with 
the circuit board 1140 and with first cable sections 1130a , 
1130b and a second cable section 1122 of the splitter cable 
1120. The housing 1107 is also shown connected to the 
second cable section 1122 , which in turn connects to a 
connector 1121. In an embodiment , the connector 1121 is 
used to connect the splitter cable 1120 to a physiological 
monitor . 
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[ 0191 ] The housing 1107 of the splitter cable 1120 further 
connects to one of the first cable sections 1130a through a 
connector 1131. Another one of the first cable sections 1130b 
is integrally coupled to the housing 1107 of the splitter cable 
1120 in the depicted embodiment . In one implementation , 
the splitter cable 1120 and the cable 1130b are used to obtain 
physiological information from a single sensor , and the 
cable 1130a may be added to the splitter cable 1120 to obtain 
physiological information from an additional sensor . It 
should be noted that in an alternative embodiment , the first 
cable section 1130b is not integrally attached to the housing 
1107 but instead attaches to the housing using a second 
connector . Or , both of the first cable sections 1130 could be 
integral to the housing 1107 . 
[ 0192 ] The circuit board 1140 interfaces with both first 
cable sections 1130a , 1130b and with the second cable 
section 1122. The circuit board 1140 may include , for 
example , one or more integrated circuits or discrete circuit 
components that together are implemented as a decoupling 
circuit . In addition , the circuit board 1140 can include one or 
more information elements for storing various forms of data . 
[ 0193 ] Turning to FIG . 12 , additional embodiments of 
cable assemblies 1230 will be described . As explained above 
with respect to FIG . 1 , cable assemblies having two separate 
cables may be provided in some embodiments . These sepa 
rate cables can include a sensor cable 1212 and an instru 
ment cable 1214. In one embodiment , the sensor cable 1212 
is a short , lightweight cable , adapted to facilitate comfort 
able attachment of sensors to a medical patient . In certain 
embodiments , the instrument cable 1214 is a heavier , stur 
dier cable , acting as a durable interface between the sensor 
cable 1212 and a monitor . Sensor cables 1212 and instru 
ment cables 1214 may be periodically replaced . Periodic 
replacement is advantageous in certain embodiments for a 
wide variety of reasons . For example , the cable can become 
soiled or damaged , causing cable failure , inaccurate results , 
or patient cross - contamination . 
[ 0194 ] In addition , one or more decoupling circuits or 
information elements ( see FIGS . 3 and 15 ) may be incor 
porated into the cable assembly 1230 in certain embodi 
ments . The information elements may store cable manage 
ment information related to usage of the cable assembly and 
devices connected to the cable assembly . The information 
elements may also store patient context information related 
to patient identification and patient movement ( flow ) among 
hospital departments , thereby tracking the patient's progress 
throughout the hospital . Examples of patient context infor 
mation are described more fully in U.S. patent application 
Ser . No. 11 / 633,656 , titled “ Physiological Alarm Notifica 
tion System , ” filed Dec. 4 , 2006 , which is hereby incorpo 
rated by reference in its entirety . Moreover , the information 
elements can store physiological information in some imple 
mentations . The information elements may further store 
calibration information related to the particular components 
presently attached to the system . For example , each infor 
mation element may store information related to behavioral 
characteristics of the stage to which it is attached ( e.g. , a 
sensor , cable , etc. ) . The monitoring device may use such 
information to automatically calibrate a multi - stage sensor 
path , for example . Example calibration information is 
described herein , with respect to FIGS . 2 through 6 , for 
example . 
[ 0195 ] Referring again to FIG . 12 , a sensor cable 1212 is 
shown connected to a sensor assembly 1250. The sensor 

cable 1212 may include a flexible cable section 1232 having 
an elongated shape , a connector 1251 for interfacing with a 
sensor assembly 1250 , and a connector 1237 for interfacing 
with an instrument cable 1214. The flexible nature of the 
cable section 1232 in one embodiment is provided to enable 
greater patient comfort , as the patient can move more easily 
with a flexible sensor cable 1212 attached . 
[ 0196 ] The depicted example instrument cable 1214 
includes a stiff or relatively rigid , durable cable section 1234 
having an elongated shape , a connector 1235 for interfacing 
with the sensor cable 1212 , and a connector 1231 for 
interfacing with a physiological monitor . As the instrument 
cable 1214 of various embodiments is not connected directly 
to the patient , the instrument cable section 1234 may be less 
flexible ( and more durable ) than the sensor cable section 
1232 , thereby extending the life of the instrument cable 
1214 . 

[ 0197 ] Decoupling circuitry and / or information elements 
may be included within the sensor cable 1212 , the instru 
ment cable 1214 , or both . The decoupling circuits and / or 
information elements may be placed in any of the connectors 
1237 , 1251 , 1235 , or 1231 or in either cable section 1232 , 
1234. In other embodiments , one or more information 
elements may be included in any of the splitter cables 
described above . In alternative embodiments , the sensor 
cable 1212 can be a splitter cable . 
[ 0198 ] FIG . 13 illustrates an embodiment of a physiologi 
cal monitoring system 1300 which may be used in a hospital , 
nursing home , or other location where medical services are 
administered ( collectively “ hospital ” ) . Certain aspects of the 
physiological monitoring system 1300 are described in more 
detail in U.S. patent application Ser . No. 11 / 633,656 , titled 
“ Physiological Alarm Notification System , ” filed Dec. 4 , 
2006 , which is hereby incorporated by reference in its 
entirety . 
[ 0199 ] The physiological monitoring system 1300 of cer 
tain embodiments includes patient monitoring devices 1302 . 
The patient monitoring devices 1302 of various embodi 
ments include sensors 1350 , one or more physiological 
monitors 1310 , cables 1330 attaching the sensors 1350 to the 
monitors 1310 , and a network interface module 1306 con 
nected to one or more physiological monitors 1310. Each 
patient monitoring device 1302 in some embodiments is part 
of a network 1320 of patient monitoring devices 1302. As 
such , the patient monitoring devices 1302 in these embodi 
ments can communicate physiological information and 
alarms over a hospital wireless network ( WLAN ) 1326 or 
the Internet 1350 to clinicians carrying end user devices 
1328 , 1352 
[ 0200 ] The network interface module 1302 of certain 
embodiments transmits physiological information 
demand or in the event of an alarm to the end - user devices 
1328 , 1352 and / or transmits the alarm to a central nurses ' 
station . Alternatively , the network interface module 1302 
transmits information and alarms to a server 1336. The 
server 1336 is a computing device , such as an appliance 
server housed in a data closet or a workstation located at a 
central nurses ' station . The server 1336 passes the informa 
tion or alarms to the end user devices 1328 , 1352 or to the 
central nurse's station . The alarms may be triggered when 
certain physiological parameters exceed safe thresholds , 
thereby enabling clinicians to respond rapidly to possible 
life - threatening situations . Situations giving rise to an alarm 

on 
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might include , for example , decreased heart rate , respiratory 
rate , low Spo , levels , or any other physiological parameter 
in an abnormal range . 
[ 0201 ] The network interface module 1302 in one embodi 
ment also performs cable management by generating an 
alarm when one of the cables 1330 is nearing the end of its 
life . The network interface module 1302 determines whether 
the cable's 1330 life is close to expiring by , for example , 
analyzing some or all of the data described above with 
respect to FIG . 4. In one embodiment , if the network 
interface module 1302 determines that the cable life is close 
to expiration , the network interface module 1302 provides 
an expiration message as an alarm . 
[ 0202 ] In one embodiment , the server 1336 receives this 
expiration message . The server 1336 then checks an inven 
tory stored in a database 1338 to see if a replacement cable 
is available . If there is no replacement cable in the inventory , 
the server may forward the message to a supplier 1370 over 
the Internet 1350 ( or through a WAN , leased line or the like ) . 
In an embodiment , the server 1336 transmits an email 
message to a supplier 1370 that indicates the cable location , 
cable condition , and / or other cable usage data . The supplier 
1370 in one embodiment is a cable seller . Upon receiving the 
message , the supplier 1370 may automatically ship a new 
cable to the hospital . Consequently , cable 1330 inventories 
are able to be maintained with minimal or no user interven 
tion in this implementation , and cables 1330 may be 
replaced preemptively , before cable failure . 
[ 0203 ] In additional embodir ts , the network interface 
module 1306 may monitor sensor utilization , such as the 
number of sensors used during the patient's stay , the types 
of sensors , and the length of time in use before replacement . 
Such data can be used by the hospital to preemptively plan 
restocking and set department par inventory levels . In addi 
tion , a supplier can use this data to restock the hospital or 
implement a just in time inventory control program . More 
over , such information can be used by the supplier to 
improve overall cable reliability and for the hospital to better 
plan and manage consumables . 
[ 0204 ] The network interface module 1306 of various 
implementations also performs context management . In one 
embodiment , context management includes associating con 
text information with physiological information to form a 
contextual data package . As described above , context infor 
mation may include patient identification data and patient 
flow data . In addition , context information may include 
context information related to usage of the network interface 
module 1306 and context information related to the network . 
For example , this additional context information may 
include an identification number of the network interface 
module 1306 , time stamps for events occurring in the 
physiological monitoring system 1300 , environmental con 
ditions such as changes to the state of the network and usage 
statistics of the network interface module 1306 , and identi 
fication information corresponding to the network ( e.g. , 
whether the network connection is WiFi or Ethernet ) . 
[ 0205 ] The network interface module 1306 receives con 
text information in one embodiment by a nurse entering the 
information in the network interface module 1306 or from 
the server 1336. The network interface module 1306 trans 
mits or communicates the contextual data package to clini 
cians during an alarm , upon clinician request , or on a 

scheduled basis . In addition , the network interface module 
1306 may transmit a continuous stream of context informa 
tion to clinicians . 
[ 0206 ] The server 1336 receives contextual data packages 
from a plurality of network interface modules 1306 and 
stores the contextual data package in a storage device 1338 . 
In certain embodiments , this storage device 1338 therefore 
archives long - term patient data . This patient data may be 
maintained even after the patient is discharged . Thus , con 
text information may be stored for later analysis to , for 
example , develop patient care metrics and improve hospital 
operations . The patient data could be deleted after the care 
metrics are developed to protect patient privacy . 
[ 0207 ] Although the functions of cable management and 
context management have been described as being per 
formed by the network interface module 1306 , in certain 
embodiments , some or all of these functions are instead 
performed by the physiological monitor 1310. In addition , 
the physiological monitor 1310 and the network interface 
module 1306 may both perform cable management and / or 
context management functions . 
[ 0208 ] FIG . 14 illustrates an embodiment of a usage 
tracking method 1400 for tracking the life of a medical 
cable . In one implementation , the usage tracking method 
1400 is performed by the network interface module and / or 
one of the physiological monitors described above . More 
generally , the usage tracking method 1400 may be imple 
mented by a machine having one or more processors . 
Advantageously , in certain embodiments , the usage tracking 
method 1400 facilitates replacing a cable prior to failure of 
that cable . 
[ 0209 ] The usage tracking method 1400 begins by obtain 
ing sensor parameters from a sensor at block 1402. At block 
1404 , cable usage information stored in an information 
element is tracked . The cable usage information can be 
tracked by at the same time or substantially the same time as 
obtaining sensor parameters from the sensor . Alternatively , 
the cable usage information may be tracked by determining 
cable usage at the start or end of monitoring ( e.g. , obtaining 
sensor parameters ) , or periodically throughout monitoring . 
In addition , the cable usage information may be tracked even 
if the block 1402 were not performed , e.g. , when the monitor 
is not currently obtaining parameters from the sensor . 
[ 0210 ] At decision block 1406 , it is determined whether 
the cable's life is close to expiring ( or whether the cable has 
in fact expired ) . This determination may be made using the 
data described above with respect to FIG . 4. In addition , the 
this determination may be made using sensor life functions 
applied analogously to the life of the cable . 
[ 0211 ] If it is determined that the cable life is close to 
expiration ( or has expired ) , an expiration message is pro 
vided at block 1408. In one embodiment , this message is 
provided as an alarm on the monitor or at a central nurses ' 
station . The message may also be provided to a clinician's 
end user device , which may be located in the hospital or at 
a remote location . Moreover , the message may be provided 
to a server , which forwards the message to a supplier , which 
ships a new cable . In an embodiment , the message is an 
email that indicates the cable location , cable condition , 
and / or other cable usage data . If , however , it is determined 
that the cable life is not close to expiration ( or is not 
expired ) , the usage tracking method 1400 loops back to 
block 1402 to continue monitoring . In effect , the usage 
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tracking method 1400 may continue monitoring and / or 
tracking cable usage information until the cable is close to 
expiration or has expired . 
[ 0212 ] FIG . 15 illustrates an embodiment of a cable inven 
tory method 1500 for controlling cable inventory . The cable 
inventory method 1500 may be performed by a server , such 
as the server 1038 described above . More generally , the 
cable inventory method 1500 may be implemented by a 
machine having one or more processors . In one embodi 
ment , the method 1500 is performed in response to the 
method 1400 providing an expiration message at step 1408 . 
[ 0213 ] At block 1502 , an expiration message is received 
from a monitor , indicating that a cable is close to expiration 
or has expired . At block 1504 , an inventory is checked for 
a replacement cable . This inventory may be a hospital 
inventory , a record of which may be maintained in a hospital 
database or the like . 
[ 0214 ] If it is determined at decision block 1506 that there 
is no replacement cable in the inventory , a new cable is 
ordered automatically to order a at block 1508. In an 
embodiment , this block 1508 is performed by electronically 
contacting a supplier to order the cable , for example , by 
sending a request over a network such as the Internet . 
Consequently , in certain embodiments , the cable inventory 
method 1500 enables the cable to be replaced preemptively , 
before cable failure . If , however , there is a replacement cable 
in inventory , the cable inventory method 1500 ends . How 
ever , in alternative embodiments , the cable inventory 
method 1500 orders a replacement cable regardless of the 
inventory , such that a predetermined level of cable inventory 
is maintained . 
[ 0215 ] In additional embodiments , the cable inventory 
method 1500 may monitor sensor utilization , such as the 
number of sensors used during the patient's stay , the types 
of sensors , and the length of time in use before replacement . 
Such data can be used by the hospital to preemptively plan 
restocking and set department par inventory levels . In addi 
tion , a supplier can use this data to restock the hospital or 
implement a just - in - time program . Moreover , such informa 
tion can be used by the supplier to improve overall cable 
reliability , and for the hospital to better plan and manage 
consumables . 
[ 0216 ] FIG . 16 illustrates an example context management 
method 1600 for managing patient context . In an embodi 
ment , the context management method 1600 is performed by 
a physiological monitor , such as any of the monitors 
described above . More generally , certain blocks of the 
context management method 1600 may be implemented by 
a machine having one or more processors . The context 
management method 1600 , in certain embodiments , advan 
tageously enables a patient to be assigned a cable with a 
unique identifier upon the first connection of the cable to the 
patient or to a monitor . 
[ 0217 ] At block 1600 , a cable is connected to a monitor , 
for example , by a clinician such as a nurse . Thereafter , a 
temporary patient ID is assigned to the cable at block 1604 . 
The temporary ID may be automatically assigned when 
power is provided to the information element in the cable , or 
a prompt may be provided to a clinician , who then assigns 
the ID . In addition , the temporary ID may also be previous 
stored on the cable . The temporary patient ID enables the 
cable to be identified as uniquely relating to the patient , prior 
to the patient's identification information being provided to 

the cable . The temporary patient ID may be stored in the 
information element of the cable . 
[ 0218 ] At block 1606 , patient flow data is stored in the 
information element . The patient flow data may include flow 
data described above with respect to FIG . 4. For example , 
the patient flow data may include information regarding 
connected devices , a department ID associated with the 
cable , and time spent by the cable in a department . By 
storing patient flow data , the context management method 
1600 can enable the flow of the patient may be monitored 
upon connection of the cable to a monitor . Thus , even if the 
nurse neglects to identify the cable with the patient , the cable 
can have data indicating when it is being used on the same 
or a different patient . 
[ 0219 ] At decision block 1608 it is determined whether a 
real patient ID has been provided . If so , then the temporary 
ID is replaced with the real patient ID at block 1610. The 
real patient ID may include any of the patient identification 
information described above , with respect to FIG . 4. If , 
however , it is determined that a real patient ID has not been 
provided , the context management method 1600 loops back 
to block 1606 to continue storing patient flow data in the 
information element . 
[ 0220 ] FIG . 17 illustrates another example context man 
agement method 1700 for managing patient context . In an 
embodiment , the context management method 1700 per 
formed by one or more monitors , such as any of the monitors 
described above . More generally , certain blocks of the 
context management method 1700 may be implemented by 
a machine having one or more processors . 
[ 0221 ] At block 1702 , a cable is connected to a monitor . In 
one embodiment , this block is performed by a clinician , such 
as a nurse . Patient flow data is then stored in an information 
element at block 1704. The patient flow data may include the 
flow data described above with respect to FIG . 4 . 
[ 0222 ] At decision block 1706 , it is determined whether 
the cable has been connected to a new monitor . If it has , 
patient flow data is transferred from the cable to the new 
monitor at block 1708. In an embodiment , the new monitor 
determines whether the cable has been connected to the new 
monitor . Alternatively , the cable makes this determination . 
Transferring the patient flow data to the new monitor pro 
vides , in certain embodiments , the advantage of enabling the 
monitor to know where the patient has been in the hospital 
and for how long . If a new monitor has not been connected , 
the context management method 1700 ends . 
[ 0223 ] FIG . 18 illustrates a front elevation view of an 
embodiment of a coextruded cable 1800. The coextruded 
cable 1800 can be used as a cable or cable section in place 
of any of the cables mentioned herein . The coextruded cable 
1800 can advantageously reduce noise due to a triboelectric 
effect . 
[ 0224 ] Noise can adversely affect acoustic signals 
detected by any of the acoustic sensors described herein by 
corrupting a waveform detected by an acoustic or other 
sensor . Once source of noise is triboelectric noise , which can 
be present when a cable is squeezed , bringing conductors in 
the cable closer together . The closer the conductors are , the 
greater a capacitance can form between the conductors 
and / or between the conductors and shielding . This capaci 
tance can be a source of triboelectric noise . 
[ 0225 ] The example coextruded cable 1800 shown 
includes features that can reduce the amount of triboelectric 
noise generated by squeezing , rubbing , or other touching of 
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the cable 1800. The cable 1800 includes an outer jacket 
1810 , which encompasses an outer shielding layer 1812. The 
outer shielding layer 1812 can reduce ambient noise from 
reaching conductors 1820 that extend through the cable 
1800. Insulation 1822 surrounds each conductor 1820 . 
[ 0226 ] For ease of illustration , the coextruded cable 1800 
is shown having two conductors 1820. However , the features 
of the coextruded cable 1800 can be extended to more than 
two conductors in certain embodiments . For example , more 
than two conductors can be surrounded by the insulation 
1822 , or each of two or more conductors can be individually 
surrounded by insulation . Further , a group of acoustic sen 
sor - related conductors can be surrounded by insulation , and 
a group of optical sensor - related conductors can be sur 
rounded by separate insulation . 
[ 0227 ] Although not shown , the insulation 1822 can be 
shielded as well . Thus , in one embodiment , some or all 
acoustic sensor - related conductors can be shielded by a 
separate , inner shielding layer from the outer shielding layer 
1812. Similarly , some or all optical sensor - related conduc 
tors can be shielding by a separate , inner shielding layer 
from the outer shielding layer 1812. One or both of the 
acoustic and optical sensor - related sets of conductors can 
include their own inner layer of shielding to reduce crosstalk 
between the acoustic and optical sensor - related conductors . 
Reducing crosstalk can be particularly beneficial for reduc 
ing noise on a communications line or lines in the cable 1800 
( such as the serial transmission line 340 of FIGS . 3A , 3B ) . 
[ 0228 ] Filling or substantially filling the space between the 
insulation 1822 and the shielding layer 1812 is a coextruded 
material 1830. The coextruded material 1830 can be con 
ductive PVC or the like that reduces space between the 
conductors 1820 , so that the cable 1800 does not compress 
the conductors 1822 together as easily . The cable 1800 can 
still be flexible or relatively flexible , however . Because the 
cable 1800 may compress less than other cables , less tribo 
electric noise may be generated . In addition , the conductive 
property of the conductive material 1830 can dissipate 
charge that builds up from the triboelectric capacitance 
occurring between the conductors 1820 and / or between the 
conductors 1820 and the shielding 1812. This dissipative 
property of the material 1830 can further reduce noise . 
[ 0229 ] Moreover , in certain embodiments , the outer jacket 
1810 of the cable 1800 can be coated or can be composed of 
a glossy material that has a reduced coefficient of friction . 
Accordingly , materials that rub , brush against , or otherwise 
contact the outer jacket 1810 can slide smoothly off , thereby 
further reducing triboelectric noise . 
[ 0230 ] Many other configurations of the cable 1800 are 
possible . For example , in one embodiment , the cable 1600 
can include a flexible or “ flex ” circuit having conductive 
traces disposed on a substrate . Acoustic and / or optical 
sensor - related conductors can be disposed in the flex circuit 
( or in separate flex circuits ) . Further , the decoupling cir 
cuitry described above can also be included in the flex circuit 
or circuits . The flex circuit can be used as a sensor cable ( see 
above ) , an instrument cable ( see above ) , as a hub cable ( see 
below ) , portions of the same , or any combination of the 
same . Some examples of flex circuits that can be employed 
with any of the sensors , circuits , and cables described herein 
are described in U.S. Pat . No. 6,986,764 , filed May 2 , 2002 , 
titled “ Flex Circuit Shielded Optical Sensor , ” and U.S. Pat . 
No. 7,377,794 , filed Mar. 1 , 2006 , titled " Multiple Wave 

length Sensor Interconnect , ” the disclosures of which are 
both hereby incorporated by reference in their entirety . 
[ 0231 ] FIG . 19 illustrates example internal components of 
an example hub 1920 or splitter cable . The hub 1920 shown 
is an example implementation of the hub 220 of FIG . 2 and 
can be used in place of any of the splitter cables described 
herein . Advantageously , in certain embodiments , the hub 
1920 includes localized shielding 1942 to reduce the effects 
of electromagnetic noise on one or more physiological 
signals . 
[ 0232 ] The hub 1920 includes connectors 1910 , 1912 that 
connect to sensor or patient cables ( see , e.g. , FIG . 2 ) . For 
purposes of illustration , the connector 1910 can be con 
nected to an optical sensor via a cable , and the connector 
1912 can be connected to an acoustic sensor via a cable . 
Other physiological sensors can be connected via cables to 
the connectors 1910 , 1912 . 
[ 0233 ] The connectors 1910 , 1912 can be soldered to a 
printed circuit board ( PCB ) 1930 housed within the hub 
1920. The PCB 1930 includes front - end signal conditioning 
circuitry 1940 , 1950 , which can filter and condition optical 
signals and acoustic signals , respectively . The optical signal 
conditioning circuitry 1940 is disposed on a first area 1931 
of the PCB 1930 , and the acoustic signal conditioning 
circuitry 1950 is disposed on a second area 1932 of the PCB 
1930. An electrical decoupling region 1933 , which may be 
a nonconductive portion of the PCB 1930 , separates the two 
areas 1931 , 1932 of the PCB 1930 electrically . In other 
embodiments , the two areas 1931 , 1932 are separate PCBs . 
For example , one of the areas 1931 , 1932 can be a daughter 
board attachable to the other area . 
[ 0234 ) Decoupling circuitry 1956 electrically decouples 
the two areas 1931 , 1932. The decoupling circuitry 1956 can 
include any of the decoupling features described above . For 
example , the decoupling circuitry 1956 can include a trans 
former 1954 for decoupling power signals and an optocou 
pler 1952 for decoupling physiological signals . The decou 
pling circuitry 1956 is shown coupled to the acoustic signal 
conditioning circuitry 1950 in the depicted embodiment . In 
other embodiments , the decoupling circuitry 1956 is coupled 
with the optical signal conditioning circuitry 1940. Decou 
pling circuitry can also be applied separately to both the 
optical and acoustic signal conditioning circuitry 1940 , 
1950 . 
[ 0235 ] Due to regulations on winding insulation , to 
increase power efficiency of the transformer 1954 , and 
possibly other factors , the transformer 1954 can be physi 
cally large relative to the size of other components in the hub 
1920. As a result , the hub 1920 can be relatively large . The 
size of the hub 1920 can be reduced in certain embodiments 
by incorporating the decoupling circuitry in a patient moni 
tor ( not shown ) attached to the hub 1920. However , if the 
hub 1920 is used with existing monitors that do not have 
decoupling circuitry , there may be little or no available space 
inside the monitor to fit a power - efficient transformer 1954 . 
Thus , including the transformer 1954 in the hub 1920 can be 
advantageous to avoid making expensive modifications to 
an existing patient monitor . 
[ 0236 ] A schematic view of a cable 1922 is also shown . 
The cable 1922 is attached to the hub 1920. The cable 1922 
can be permanently attached to the hub 1920 or can be 
selectively detachable from the hub 1920. The cable 1922 
includes various example conductors 1961 , 1965 , 1967 , and 
1969 in the depicted embodiment . Certain of the conductors 
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1961 , 1965 , 1967 , and 1969 can be used for power trans 
mission , signal acquisition , and grounding , among other 
potential uses . 
[ 0237 ] One of the conductors 1969 is shown as a first 
ground ( Gl ) and is electrically coupled with the optical 
signal conditioning circuitry 1940. Another of the conduc 
tors 1961 is shown as a second ground ( G2 ) and is electri 
cally coupled with the decoupling circuit 1952 ( and , option 
ally , the decoupling circuit 1954 as well ) . The first and 
second grounds 1969 , 1961 are therefore separated for 
optical and acoustic signals , respectively , in the depicted 
embodiment . Providing separate ground lines for the optical 
and acoustic signals can beneficially reduce crosstalk 
between these signals . The ground lines 1969 , 1961 can be 
connected together at the end of the cable 1922 ( e.g. , in a 
monitor connector ) or in a patient monitor ( e.g. , on a 
processing board ) . 
[ 0238 ] To reduce noise , various components of the hub 
1920 ( e.g. , including the PCB 1930 ) can be enclosed in an 
electromagnetic shield . The electromagnetic shield can be 
tied to ground conductors in the hub 1920 , including the 
conductors 1961 , 1969 , and ground conductors in the acous 
tic signal conditioning circuitry 1950. However , doing so 
can cause the ground lines 1961 , 1969 to come in electrical 
communication with both electrically - decoupled areas 1931 , 
1932 of the PCB 1930. As a result , patient isolation or 
decoupling would be broken , causing potentially unsafe 
conditions . 
[ 0239 ] Advantageously , in certain embodiments , shielding 
can be provided locally within the hub 1920 instead of over 
all or substantially all of the components in the hub 1920 . 
For instance , a local shield can enclose or at least partially 
enclose the acoustic circuitry 1950 and / or connector 1912 . 
Alternatively , a local shield can enclose or at least partially 
enclose the optical circuitry 1940 and / or connector 1910 . 
Advantageously , in certain embodiments , substantial noise 
reduction benefit can be achieved by locally shielding one of 
the optical and acoustic circuitry 1940 , 1950 with a local 
shield 1942. The local shield 1942 can beneficially shield 
solder joints of the connector 1910 and / or components 1940 
as well . The shield can include a metal box , grate , perforated 
box , conductive glass , combinations of the same , or the like . 
[ 0240 ] In other embodiments , a first local shield is dis 
posed about the optical circuitry 1940 and a second local 
shield is disposed about the acoustic circuitry 1950. Each of 
these shields can be tied to different grounds or common 
potentials by virtue of the decoupling circuitry 1952 , 1954 . 
[ 0241 ] Although the hub 1920 is illustrated with respect to 
optic and acoustic signals , more generally , the hub 1920 can 
interface with any type of physiological signals . Further , 
some or all of the features of the hub 1920 can be used in 
certain applications outside of the medical field where cables 
are joined together in a single hub . Moreover , the features of 
the hub 1920 can be extended to more than two sensor 
cables . Such a hub can optionally include decoupling cir 
cuitry for some or all of the sensor cables that interface with 
the hub . 
[ 0242 ] In some embodiments , one or more of the steps are 
performed substantially in parallel , in an overlapping man 
ner , or in another order . For example , some of the calibration 
information may change during operation ( e.g. , due to 
changes in operating temperatures and the like ) . In such 
situations , the process 1900 can periodically or continually 
perform steps 1904 and 1906 to obtain , and automatically 

adjust to , the most up to date calibration information , 
providing improved calibration and measurement accuracy . 
The process 1900 may further continually or periodically 
perform step 1902 ( e.g. , during processing ) , thereby detect 
ing sensor path disconnection or changes during use . 
[ 0243 ] Those of skill in the art will understand that infor 
mation and signals can be represented using any of a variety 
of different technologies and techniques . For example , data , 
instructions , commands , information , signals , bits , symbols , 
and chips that can be referenced throughout the above 
description can be represented by voltages , currents , elec 
tromagnetic waves , magnetic fields or particles , optical 
fields or particles , or any combination thereof . 
[ 0244 ] Conditional language used herein , such as , among 
others , “ can , ” “ could , ” " might , ” “ may , ” “ e.g. , " and the like , 
unless specifically stated otherwise , or otherwise understood 
within the context as used , is generally intended to convey 
that certain embodiments include , while other embodiments 
do not include , certain features , elements and / or states . 
Thus , such conditional language is not generally intended to 
imply that features , elements and / or states are in any way 
required for one or more embodiments or that one or more 
embodiments necessarily include logic for deciding , with or 
without author input or prompting , whether these features , 
elements and / or states are included or are to be performed in 
any particular embodiment . 
[ 0245 ] Depending on the embodiment , certain acts , 
events , or functions of any of the methods described herein 
can be performed in a different sequence , can be added , 
merged , or left out all together ( e.g. , not all described acts or 
events are necessary for the practice of the method ) . More 
over , in certain embodiments , acts or events can be per 
formed concurrently , e.g. , through multi - threaded process 
ing , interrupt processing , or multiple processors or processor 
cores , rather than sequentially . 
[ 0246 ] Those of skill will further appreciate that the vari 
ous illustrative logical blocks , modules , circuits , and algo 
rithm steps described in connection with the embodiments 
disclosed herein may be implemented as electronic hard 
ware , computer software , or combinations of both . To 
clearly illustrate this interchangeability of hardware and 
software , various illustrative components , blocks , modules , 
circuits , and steps have been described above generally in 
terms of their functionality . Whether such functionality is 
implemented as hardware or software depends upon the 
particular application and design constraints imposed on the 
overall system . Skilled artisans can implement the described 
functionality in varying ways for each particular application , 
but such implementation decisions should not be interpreted 
as causing a departure from the scope of this disclosure . 
[ 0247 ] The various illustrative logical blocks , modules , 
and circuits described in connection with the embodiments 
disclosed herein can be implemented or performed with a 
machine , such as a general purpose processor , a digital 
signal processor ( DSP ) , an application specific integrated 
circuit ( ASIC ) , a field programmable gate array ( FPGA ) or 
other programmable logic device , discrete gate or transistor 
logic , discrete hardware components , or any combination 
thereof designed to perform the functions described herein . 
A general purpose processor can be a microprocessor , pro 
cessor , controller , microcontroller , state machine , etc. A 
processor can also be implemented as a combination of 
computing devices , e.g. , a combination of a DSP and a 
microprocessor , a plurality of microprocessors , one or more 
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microprocessors in conjunction with a DSP core , or any 
other such configuration . In addition , the term “ processing " 
is a broad term meant to encompass several meanings 
including , for example , implementing program code , 
executing instructions , manipulating signals , filtering , per 
forming arithmetic operations , and the like . 
[ 0248 ] The steps of a method or algorithm described in 
connection with the embodiments disclosed herein can be 
embodied directly in hardware , in a software module 
executed by a processor , or in a combination of the two . A 
software module can reside in RAM memory , flash memory , 
ROM memory , EPROM memory , EEPROM memory , reg 
isters , hard disk , a removable disk , a CD - ROM , a DVD , or 
any other form of storage medium known in the art . A 
computer - readable storage medium is coupled to the pro 
cessor such that the processor can read information from , 
and write information to the storage medium . In the alter 
native , the storage medium may be integral to the processor . 
The processor and the storage medium can reside in an 
ASIC . The ASIC can reside in a user terminal . In the 
alternative , the processor and the storage medium can reside 
as discrete components in a user terminal . 
[ 0249 ] The modules can include , but are not limited to , 
any of the following : software or hardware components such 
as software object - oriented software components , class 
components and task components , processes , methods , func 
tions , attributes , procedures , subroutines , segments of pro 
gram code , drivers , firmware , microcode , circuitry , data , 
databases , data structures , tables , arrays , and / or variables . 
[ 0250 ] In addition , although certain inventions have been 
disclosed in the context of certain embodiments , it will be 
understood by those skilled in the art that the inventions 
disclosed herein extend beyond the specifically disclosed 
embodiments to other alternative embodiments and / or uses 
of the inventions and obvious modifications and equivalents 
thereof . In particular , while the system and methods have 
been described in the context of certain embodiments , the 
skilled artisan will appreciate , in view of the present dis 
closure , that certain advantages , features and aspects of the 
acoustic signal pro ing system , device , and method may 
be realized in a variety of other applications and software 
systems . Additionally , it is contemplated that various aspects 
and features of the inventions disclosed herein can be 
practiced separately , combined together , or substituted for 
one another , and that a variety of combination and subcom 
binations of the features and aspects can be made and still 
fall within the scope of the inventions disclosed herein . 
Furthermore , the systems described above need not include 
all of the modules and functions described in certain 
embodiments . Thus , it is intended that the scope of the 
inventions disclosed herein disclosed should not be limited 
by the particular disclosed embodiments described above , 
but should be determined only by the claims that follow . 

1. ( canceled ) 
2. A multi - stage acoustic physiological monitoring system 

comprising : 
a first stage comprising at least one of : an acoustic 

physiological sensor , a sensor cable , or an instrument 
cable ; and 

a second stage comprising a splitter cable , wherein the 
splitter cable comprises : 
a monitor connector configured to removably connect 

to a sensor port of a monitor ; 

at least first and second sensor connectors configured to 
removably connect to sensor cables and / or instru 
ment cables , wherein at least one of the first or 
second sensor connectors is configured to removably 
connect to the first stage ; and 

one or more decoupling circuits configured to electri 
cally decouple , from each other , sensors connected , 
via sensor cables and / or instrument cables , to at least 
first and second sensor connectors . 

3. The multi - stage acoustic physiological monitoring sys 
tem of claim 2 further comprising : 

a monitor comprising : 
a sensor port configured to removably connect to the 

monitor connector of the splitter cable ; and 
one or more hardware processors configured to : 

receive , via the sensor port , at least a signal indica 
tive of physiological sounds associated with a 
patient ; and 

determine an acoustic physiological parameter of the 
patient based on the signal . 

4. The multi - stage acoustic physiological monitoring sys 
tem of claim 2 further comprising : 

electronic memories provided in each of at least the first 
stage and the second stage , wherein the electronic 
memories store calibration information . 

5. The multi - stage acoustic physiological monitoring sys 
tem of claim 4 , wherein the calibration information includes 
at least a first characteristic associated with the first stage 
and a second characteristic associated with the second stage . 

6. The multi - stage acoustic physiological monitoring sys 
tem of claim 4 further comprising : 

a monitor comprising : 
a sensor port configured to removably connect to the 

monitor connector of the splitter cable ; and 
one or more hardware processors configured to : 

receive , via the sensor port , one or more signals 
including at least a signal indicative of physiologi 
cal sounds associated with a patient and a signal 
including calibration information ; 

adjust one or more signal processing parameters of a 
signal processing algorithm of the one or more 
hardware processors , based on the calibration 
information , to compensate for variations in com 
ponents of one or more stages of the multi - stage 
acoustic physiological monitoring system ; 

based on the adjusted one or more signal processing 
parameters , generate a modified version of the 
signal indicative of physiological sounds associ 
ated with the patient ; and 

determine an coustic physiological parameter of the 
patient based on the modified version of the sig 
nal . 

7. The multi - stage acoustic physiological monitoring sys 
tem of claim 6 , wherein the monitor further comprises : 

a front end processor configured to condition the received 
signal for processing by said one or more hardware 
processors , wherein said one or more hardware proces 
sors are further configured to adjust the one or more 
signal processing parameters of the signal processor 
based on calibration information associated with the 
front end processor . 

8. The multi - stage acoustic physiological monitoring sys 
tem of claim 6 , wherein adjusting the one or more signal 
processing parameters comprises calculating , based on a 
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first characteristic associated with the first stage , and a 
second characteristic associated with the second stage , an 
inverse of a transfer function associated with each of at least 
the first stage and the second stage . 

9. The multi - stage acoustic physiological monitoring sys 
tem of claim 8 , wherein generating a modified version of the 
signal comprises applying the inverse transfer function to 
the signal . 

10. The multi - stage acoustic physiological monitoring 
system of claim 6 , wherein the one or more hardware 
processors are further configured to automatically adjust the 
one or more signal processing parameters when a stage of 
the multi - stage acoustic physiological monitoring system is 
replaced . 

11. The multi - stage acoustic physiological monitoring 
system of claim 4 , wherein the calibration information 
includes a cut - off frequency associated with at least one of 
the first stage or the second stage . 

12. The multi - stage acoustic physiological monitoring 
system of claim 4 , wherein the calibration information 
includes a cut - off frequency associated with each of the first 
stage and the second stage . 

13. The multi - stage acoustic physiological monitoring 
system of claim 4 , wherein the calibration information 
includes process variable characteristics associated with at 
least one of the first stage or the second stage . 

14. The multi - stage acoustic physiological monitoring 
system of claim 4 , wherein the calibration information 
includes a design variable characteristic associated with at 
least one of the first stage or the second stage . 

15. The multi - stage acoustic physiological monitoring 
system of claim 4 , wherein the calibration information 
includes at least one of a sensitivity , a mechanical cut - in 
frequency , a mechanical cut - off frequency , a capacitance , a 
gain , an input impedance , an output impedance , a minimum 
saturation level , a resistance , a linear curve , a non - linear 
curve , a response , or a transfer function . 

16. A method of determining an acoustic physiological 
parameter of a patient , the method comprising : 

receiving , via a multi - stage sensor assembly , at least a 
signal indicative of physiological sounds associated 
with a patient , wherein the multi - stage sensor assembly 
includes at least : 
a first stage comprising at least one of : an acoustic 

physiological sensor , a sensor cable , or an instrument 
cable ; and 

a second stage comprising a splitter cable , wherein the 
splitter cable comprises : 
a monitor connector configured to removably con 

nect to a sensor port of a monitor ; 
at least first and second sensor connectors configured 

to removably connect to sensor cables and / or 
instrument cables , wherein at least one of the first 
or second sensor connectors is configured to 
removably connect to the first stage ; and 

one or more decoupling circuits configured to elec 
trically decouple , from each other , sensors con 
nected , via sensor cables and / or instrument cables , 
to at least first and second sensor connectors ; and 

determining an acoustic physiological parameter of the 
patient based on the signal . 

17. The method of claim 16 further comprising : 
obtaining calibration information from data storage 

devices provided in each of at least the first stage and 
the second stage , the calibration information including 
at least a first characteristic associated with the first 
stage and a second characteristic associated with the 
second stage ; 

adjusting one or more signal processing parameters of a 
signal processing algorithm based on both the first 
characteristic and the second characteristic to compen 
sate for variations in multi - stage sensor assembly com 
ponents with said calibration information ; 

based on the adjusted one or more signal processing 
parameters , modifying the signal before determining 
the acoustic physiological parameter based on the sig 
nal . 


