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What is claimed is:

1. A system for processing at least one vital sign from a patient and generating an

alarm, the system comprising:

a first sensor comprising a first detector configured to detect a first time-depengent
physiological waveform indicative of one or more contractile properties of jie patient’s

heart;

a second sensor comprising a second detector configured to detect ¢second time-
dependent physiological waveform indicative of one or more coftractile properties of the

patient’s heart;

at least two motion-detecting sensors positioned on locgfions selected from a forearm,
upper arm, and a body location other than the forear or upper arm of the patient, each of
the motion-detecting sensors generating at least gfie motion waveform indicative of
motion of the location on the patient’s body t¢o/which the motion-detecting sensor is

affixed;

a first processing component configuyéd to receive the time-dependent physiological and
motion waveforms and determine fherefrom: (i) at least one vital sign calculated using at
least one of the first and secong/time-dependent physiological waveforms; and (ii) at least
one motion parameter selecg€d from the patient’s posture, activity state, and degree of
motion calculated using At least one motion waveform generated by each of the motion-

detecting sensors; an

a second procesging component configured to receive the at least one vital sign and

motion parapfeter and determine therefrom: (i) a first alarm condition, calculated by

larm rule indicating whether or not the system generates an alarm.

2. The system of claim 1, wherein the motion parameter corresponds to at least one of

resting, moving, sitting, standing, walking, running, falling, lying down, and convulsing.
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3. The system of claim 2, wherein the alarm rule comprises generating the alarm if the

motion parameter corresponds to falling or convulsing.

4. The system of claim 2, wherein the motion parameter corresponds to walking, t
least one vital sign comprises at least one of heart rate, respiratory rate, and SpO/Z, and the

alarm rule comprises not generating the alarm.

5. The system of claim 2, wherein the motion parameter corresponds to y#alking, the at
least one vital sign comprises heart rate, and the alarm rule comprises/&enerating the
alarm if the heart rate exceeds an alarm threshold that is increased €lative to its initial

value.

6. The system of claim 2, wherein the motion parameter cgfresponds to standing, the at
least one vital sign comprises blood pressure, and the al#rm rule comprises generating the
alarm if the blood pressure exceeds an alarm thresho)d that is decreased relative to its

initial value.

7. The system of claim 1, wherein the first tiie-dependent physiological waveform is an

ECG waveform.

8. The system of claim 7, wherein the second time-dependent physiological waveform is

an optical waveform.

9. The system of claim 8, whérein the first processing component is further configured
to: i) calculate a time diffefence between a feature in the ECG waveform and a feature in

the optical waveform; gAd i1) determine a blood pressure value from the time difference.

10. The system of/£laim 1, wherein both the first and second time-dependent
physiological wAveforms are selected from a group consisting of an optical waveform, an

acoustic wayéform, an ECG waveform, and a pressure waveform.

system of claim 10, wherein the first processing component is further configured
to: i)/Lalculate a time difference between a feature in the first time-dependent
siological waveform and a feature in the second time-dependent physiological

waveform; and ii) determine a blood pressure value from the time difference.
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12. The system of claim 1, wherein the motion parameter is calculated by processing a
time-dependent component from at least one motion waveform, and a frequency-

dependent component from at least one motion waveform.

13. The system of claim 1, wherein the motion parameter corresponds to walking, gad

5 the first processing component determines walking by: 1) calculating a frequenc
dependent motion waveform from at least one of the motion waveforms; and A) analyzing
a band of frequency components from the frequency-dependent motion wg¥eform to

determine that the patient is walking.

14. The system of claim 13, wherein the band of frequency compghents is between 0 — 3

10  Hz.

15. The system of claim 1, wherein the motion parameter£omprises convulsing, and the
first processing component determines convulsing by: # calculating a frequency-
dependent motion waveform from at least one of thgmotion waveforms; and ii) analyzing
a band of frequency components from the frequeficy-dependent motion waveform to

15  determine that the patient is convulsing.

16. The system of claim 15, wherein thg/band of frequency components is between 0 —

10 Hz.

17. The system of claim 1, whep€in the motion parameter comprises falling, and the first
processing component determines falling by: i) calculating a time-dependent change in at
20  least one of the motion wg&eforms; ii) calculating a frequency-dependent motion
waveform from at leasy/one of the motion waveforms; and iii) analyzing the time-
dependent change iy at least one of the motion waveforms and a band of frequency
components frorf at least one of the frequency-dependent motion waveforms to determine

that the patiept has fallen.

25 18. TheAystem of claim 17, wherein the band of frequency components is between 0 —

. The system of claim 17, wherein the time-dependent change in at least one of the
motion waveforms comprises at least a 50% change in the motion waveform’s value

within a time period of less than 2 seconds.
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20. The system of claim 1, wherein the first processing component is further configured
to determine the motion parameter by comparing a parameter determined from the motio
waveform to an ROC threshold value associated with a ROC curve, wherein both the

ROC threshold value and the ROC curve are determined beforehand.

21. The system of claim 1, wherein both the first and second processing compgnents

comprise algorithms operating on a microprocessor.

22. The system of claim 21, wherein both the first and second processyig components
comprise algorithms operating on a common microprocessor configfred to be worn on

the patient’s body.

22. The system of claim 1, wherein the first processing component is configured to

operate on a processor worn on the patient’s body, and thZ second processing component

is configured to operate on a remote computer.

23. A method for continuously monitoring a pétient, comprising the following steps:

detecting a first time-dependent physiologicg¥ waveform indicative of one or more
contractile properties of the patient’s heary/with a first sensor comprising a first detector

configured to be worn on the patient’s Jody;

detecting a second time-dependeny/physiological waveform indicative of one or more
contractile properties of the patnt’s heart with a second sensor comprising a second

detector configured to be wgfn on the patient’s body;

detecting sets of time-dgpendent motion waveforms with at least two motion-detecting
sensors positioned oyflocations selected from a forearm, upper arm, and a body location
other than the forgArm or upper arm of the patient, wherein each set of motion waveforms

is indicative of/motion of the location on the patient’s body to which it is affixed;

processing/the first and second time-dependent physiological waveforms to determine at

least op€ vital sign from the patient;

anglyzing at least a portion of the sets of time-dependent motion waveforms with a

otion-determining algorithm to determine if the patient is in an activity state selected
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from the group of resting, moving, sitting, standing, walking, running, falling, lying

down, and convulsing; and

generating an alarm by processing the patient’s activity state and comparing the vital gfen

to a predetermined alarm criteria corresponding to the activity state.

24. A method for continuously monitoring a patient, comprising the followfhg steps:

detecting a first time-dependent physiological waveform indicative of ong or more
contractile properties of the patient’s heart with a first sensor comprisjyig a first detector

configured to be worn on the patient’s body;

detecting a second time-dependent physiological waveform igdicative of one or more

contractile properties of the patient’s heart with a second sghsor comprising a second

detector configured to be worn on the patient’s body;

detecting sets of time-dependent motion waveform£ with at least two motion-detecting
sensors positioned on locations selected from a forearm, upper arm, and a body location
other than the forearm or upper arm of the pptient, wherein each set of motion waveforms

is indicative of motion of the location onthe patient’s body to which it is affixed;

processing the first and second timeAependent physiological waveforms to determine at

least one vital sign from the pati

analyzing at least a portion ¢f the sets of time-dependent motion waveforms with a
motion-determining algopithm to determine if the patient is in an activity state selected
from the group of resghg, moving, sitting, standing, walking, running, falling, lying

down, and convulsfhg; and

generating andlarm by processing the patient’s activity state and comparing the vital sign

to a predetgrmined alarm criteria corresponding to the activity state.

25. THhe method of claim 24, wherein the analyzing step further comprises calculating a
ematical transform of at least one time-dependent motion waveform to determine a

requency-dependent motion waveform.

26. The method of claim 25, wherein the analyzing step further comprises analyzing

frequencies in a band between 0 — 3 Hz to determine if the patient is walking.
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27. The method of claim 25, wherein the analyzing step further comprises analyzing

frequencies in a band between 0 — 10 Hz to determine if the patient is convulsing.

28. The method of claim 25, wherein the analyzing step further comprises analyzin

frequencies in a band between 0 — 15 Hz to determine if the patient is falling.

29. The method of claim 24, wherein the analyzing step further comprises c#lculating a

time-dependent change in at least two time-dependent motion waveforms

30. The method of claim 29, wherein the analyzing step further comprises calculating a

standard deviation of at least one time-dependent motion wavefor,

31. The method of claim 29, wherein the analyzing step furtfer comprises calculating a

mathematical derivative of at least one time-dependent mgfion waveform.

32. The method of claim 29, wherein the analyzing sfep further comprises comparing at

least one time-dependent motion waveform to a mdthematical function.

33. The method of claim 24, wherein the angfyzing step further comprises calculating a
logit variable from at least one time-dependent motion waveform, or a waveform
calculated therefrom, and comparing th# logit variable to a predetermined ROC curve to

determine the patient’s activity state,

34. The method of claim 33, wHierein the analyzing step further comprises comparing the
logit variable calculated fronf at least one time-dependent motion waveform, or a

waveform calculated thergtrom, to different ROC curves corresponding to activity states
selected from resting, fioving, sitting, standing, walking, running, falling, lying down,

and convulsing.

35. The methgd of claim 24, wherein the processing step further comprises calculating a
time differefice between a feature in the first time-dependent physiological waveform and

a feature/An the second time-dependent physiological waveform.

36. f'he method of claim 24, wherein the processing step further comprises calculating a

ood pressure from the time difference.
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37. The method of claim 36, wherein the first time-dependent physiological waveform is
an electrical waveform, and the second time-dependent physiological waveform is an

optical waveform.

38. The method of claim 36, wherein each of the first and second time-dependen
physiological waveforms are selected from a group consisting of an optical wg#¥eform, an

acoustic waveform, an ECG waveform, and a pressure waveform.

39. The method of claim 24, wherein the first time-dependent physiolgieical waveform is
an electrical waveform, and the vital sign determined during the pro€esses step is heart

rate.

40. The method of claim 24, wherein the first time-dependgfit physiological waveform is
an electrical waveform, and the vital sign determined dupfng the processes step is

respiratory rate.

41. The method of claim 24, wherein the first tinde-dependent physiological waveform is

an optical waveform, and the vital sign deterndned during the processes step is SpO2.

42. A system for processing at least gie vital sign from a patient and generating an

alarm, the system comprising:

a first sensor comprising a first dgfector configured to detect a first time-dependent
physiological waveform indicgfive of one or more contractile properties of the patient’s

heart;

a second sensor compifsing a second detector configured to detect a second time-

dependent physiolggical waveform indicative of one or more contractile properties of the

patient’s heart;
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a first processing component configured to receive the time-dependent physiological a
motion waveforms and determine therefrom: (i) at least one vital sign calculated usigg at
least one of the first and second time-dependent physiological waveforms; and (ijf at least
one motion parameter selected from the patient’s posture, activity state, and deggree of
motion calculated using at least one motion waveform generated by each ofAhe motion-

detecting sensors; and

a second processing component configured to receive the at least onf vital sign and
motion parameter and determine therefrom: (i) a first alarm congftion, calculated by
comparing the at least one vital sign to an alarm threshold; (ii)/a second alarm condition,
calculated from the at least one motion parameter; and (iii) An alarm rule, determined by
collectively processing the first and second alarm conditfons with an alarm algorithm, the

alarm rule indicating whether or not the system generftes an alarm.

43. A system for continuously monitoring a pfirality of patients, the system

comprising:

a patient monitor configured to be worn ofi the body of each of the plurality of patients,

each patient monitor comprising:

a first sensor comprising g/Airst detector configured to detect a first time-
dependent physiological wavef6rm indicative of one or more contractile properties of the

patient’s heart;

a second sensor/Lomprising a second detector configured to detect a second time-
dependent physiologlcal waveform indicative of one or more contractile properties of the

patient’s heart;

at legft two motion-detecting sensors positioned on locations selected from a
forearm, ypper arm, and a body location other than the forearm or upper arm of the
patient/each of the motion-detecting sensors generating at least one motion waveform

indigative of motion of a body location onto which the motion-detecting sensor is affixed;

a location sensor comprising a wireless component and a location processing

component, the location processing component configured to receive a signal from the
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wireless component and process this signal to determine a physical location of the patient

to which the location sensor is attached;

a processing component configured to receive the time-dependent physiologi
and motion waveforms and determine therefrom: (i) at least one vital sign calculajéd
S using at least one of the first and second time-dependent physiological wavefopns; (ii) at
least one motion parameter selected from the patient’s posture, activity state/ and degree
of motion calculated using at least one motion waveform generated by epCh of the
motion-detecting sensors; and (iii) an alarm parameter calculated froif the at least one of

the vital sign and motion parameter; and,

10 a wireless transceiver configured to wirelessly transmp the vital sign, motion

parameter, location of the patient, and alarm parameter thréugh a wireless system; and,

a remote computer system comprising a displgy and an interface to the wireless
system, the interface configured to receive from th€ wireless system a vital sign, motion
parameter, location of the patient, and alarm pgfameter corresponding to each of the

15  plurality of patients comprising a patient mefiitor, and the display configured to render a
user interface that describes at least one gf a vital sign, motion parameter, location of the
patient, and alarm parameter for each fatient of the plurality of patients comprising a

patient monitor.

44. The system of claim 43, yherein the display is configured to render a graphical user

20 interface.

45. The system of clAm 44, wherein the display is configured to render a graphical user
interface comprisifg a field that displays a map corresponding to an area comprising a
plurality of secfons, with each section corresponding to the location of the patient and
comprising;/A field that displays the vital sign corresponding to the unique patient, a field
25  that disp)dys the motion parameter corresponding to the unique patient, and a field that

displggs the alarm parameter corresponding to the unique patient.

. The system of claim 45, wherein the display is configured to render a graphical user

interface comprising a field that displays a map corresponding to an area of a hospital.
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47. The system of claim 45, wherein the display is configured to render a graphical user
interface comprising a field that displays a map corresponding to an area of a hospital,
and each of the plurality of sections corresponds to a specific bed in the area of the

hospital.

patient monitor.

49. The system of claim 43, wherein the display is configured to rghder a graphical icon
corresponding to the motion parameter for each of the plurality ¢f patients comprising a

patient monitor.

50. The system of claim 43, wherein the display is conjfgured to render a graphical icon
corresponding to the alarm parameter for each of the glurality of patients comprising a

patient monitor.

51. The system of claim 43, wherein the patight monitor display is further configured to
display the vital sign corresponding to the £pecific patient to which the patient monitor is
attached, the motion parameter correspghding to the specific patient to which the patient
monitor is attached, and the alarm pprameter corresponding to the specific patient to

which the patient monitor is attaghed.

52. The system of claim 43 Avherein the wireless component comprised by the location

sensor and the wireless trdnsceiver are comprised by a common wireless system.

53. The system of cjaim 52, wherein the common wireless system operates a protocol

based on 802.11.

55. J¥he system of claim 43, wherein the patient monitor configured to be worn on the

bgdy of each of the plurality of patients further comprises a first voice interface.

56. The system of claim 55, wherein the remote computer further comprises a second

voice interface that integrates with the first voice interface.
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57. The system of claim 43, wherein the wireless component comprised by the location
sensor, the wireless transceiver, and the first and second voice interfaces are all

comprised by a common wireless system.

58. The system of claim 57, wherein the common wireless system operates a progécol

based on 802.11.

59. The system of claim 58, wherein the common wireless system is compgrised by a

cellular network.

60. The system of claim 43, wherein the remote computer systemAs comprised by a
medical monitor, configured to be worn on the body of a persoyf other than the patient,

which is essentially identical to the patient monitor.

61. The system of claim 60, wherein the medical monjfor configured to be worn on the

body of the person other than the patient comprises £ medical monitor display.

62. The system of claim 61, wherein the medigAl monitor display is further configured to
select and display at least one of: the vital sign corresponding to a specific patient to
which the patient monitor is attached, the/motion parameter corresponding to the specific
patient to which the patient monitor ig/attached, the location of the patient to which the
patient monitor is attached, and the/alarm parameter corresponding to the specific patient

to which the patient monitor is yftached.

63. The system of claim 62, wherein the patient monitor configured to be worn on the

body of each of the pluiAlity of patients further comprises a first voice interface.

64. The system of £laim 63, wherein the medical monitor configured to be worn on the
body of a persoy/other than the patient further comprises a second voice interface that

integrates wigh the first voice interface.

65. system for continuously monitoring a patient, the system configured to be worn

patient’s body and comprising:

optical sensor comprising a first light source, a second light source, and a light
detector, the optical sensor configured to detect a first time-dependent optical waveform

from radiation generated by the first light source, and a second time-dependent optical
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waveform from radiation generated by the second light source, wherein both the first and
second time-dependent optical waveforms are indicative of one or more contractile

properties of the patient’s heart;

an electrical sensor comprising at least two electrodes and an electrical circuit, wherein
each electrode is configured to attach to separate locations on the patient and peasure an
electrical signal, and the electrical circuit is configured to receive and procgss an
electrical signal from each electrode to generate a first time-dependent ¢lectrical
waveform indicative of one or more contractile properties of the patj#nt’s heart and a

second time-dependent electrical waveform indicative of a respirgory rate;

at least two motion-detecting sensors positioned on two sepafate locations on the body of
the patient, the locations selected from a forearm, upper , chest, and hand of the
patient, wherein each of the motion-detecting sensors generates at least one motion
waveform indicative of motion of a body location gfito which the motion-detecting sensor

is affixed; and

a processing component configured to recejfe the first and second time-dependent optical
waveforms, the first and second time-degendent electrical waveforms, and the motion
waveforms, and determine therefrom/(i) a time difference between a feature in one of the
first and second time-dependent opftical waveforms and a feature in one of the first and
second electrical waveforms; ()) a blood pressure value calculated from the time
difference; iii) an SpO2 valy€ calculated from both the first and second time-dependent
optical waveforms; (iii) g/heart rate calculated from at least one of the time-dependent
electrical waveforms;A1v) a respiratory rate calculated from the second time-dependent
electrical waveforif; (v) at least one motion parameter selected from the patient’s posture,
activity state, apd degree of motion calculated using at least one motion waveform
generated by/ach of the motion-detecting sensors; and (vi) an alarm parameter calculated
st one of the blood pressure value, SpO2 value, heart rate, respiratory rate, and

the mofion parameter.

6¢. The system of claim 65, wherein the processing component is further configured to
render on a user interface numerical values corresponding to the blood pressure value,

SpO2 value, heart rate, and respiratory rate.
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67. The system of claim 66, wherein the processing component is further configured to
render a numerical value corresponding to heart rate, but not render a numerical value
corresponding to blood pressure, SpO2, and respiratory rate, when the motion paraifeter

it calculates corresponds to a moving patient.

68. The system of claim 67, wherein the processing component is further c
render a numerical value corresponding to heart rate, but not render a nuiferical value
corresponding to blood pressure, SpO2, and respiratory rate, when the/notion parameter

it calculates corresponds to a walking patient.

69. The system of claim 65, wherein the processing componef is further configured to
process at least one motion waveform generated by each of fhe motion-detecting sensors

to calculate a motion parameter corresponding to the patyént lying down.

70. The system of claim 69, wherein the processing/omponent is further configured to

detect when the patient’s respiratory rate has ceaged for an extended period of time.
71. The system of claim 70, wherein the ext¢nded period of time is at least 20 seconds.

72. The system of claim 70, wherein thg processing component is further configured to
generate an alarm parameter correspghding to apnea when the patient’s respiratory rate

has ceased for the extended period/of time.

73. The system of claim 69, yherein the processing component is further configured to
analyze at least one of the first and second time-dependent electrical waveforms to

determine heart rate algAg with an additional parameter.

74. The system of £laim 72, wherein the additional parameter is one of VFIB, VTAC,
and ASY.

75. The sygtem of claim 65, wherein the processing component is further configured to
analyze At least one of the first and second time-dependent optical waveforms to

deterpiine a pulse rate.

. The system of claim 75, wherein the processing component is further configured to
calculate a pulse pressure from a difference between a diastolic blood pressure and a

systolic blood pressure.
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77. The system of claim 76, wherein the processing component is further configured to
calculate a significant pulse rate if the pulse rate is determined to be greater than 30 beats

per minute, and the pulse pressure is greater than 10 mmHg.

76. The system of claim 77, wherein the processing component is further configyfed to
analyze at least one of the first and second time-dependent electrical waveform¥ to

determine heart rate along with an additional parameter.

77. The system of claim 78, wherein the additional parameter is one of/VFIB, VTAC,

and ASY.

78. The system of claim 79, wherein the processing componeny/is further configured to
generate an alarm parameter corresponding to one of VFIB, ¥ TAC, and ASY if one of
VFIB, VTAC, and ASY is determined from one of the figgt and second time-dependent
electrical waveforms and the processing component cgfculates that a significant pulse rate

is not present from the patient.

79. The system of claim 69, wherein the procegsing component is further configured to
process at least one motion waveform genepdted by a motion-detecting sensor to
determine a number of times that the pat)ént moves from lying in a first position to lying

in a different position.

80. The system of claim 79, whegin the processing component is further configured to
generate an alarm parameter cgrresponding to the number of times that the patient moves
from lying in a first positioff to lying in a different position if the number of times is less

than a threshold value.
81. The system of ¢gfaim 80, wherein the threshold value is 1 time per 4 hours.

82. The systeryfof claim 65, further comprising a temperature sensor.

83. The syStem of claim 82, wherein the temperature sensor is configured to attach to a

portion6f the patient’s chest.

84/ A system for processing at least one vital sign from a patient and generating an

larm, the system comprising:
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a first sensor comprising a first detector worn on the patient’s body and configured to
detect a first time-dependent physiological waveform indicative of one or more

contractile properties of the patient’s heart;

contractile properties of the patient’s heart;

a first motion-detecting sensor positioned on a first location on the pagfent’s body, the
motion-detecting sensor configured to generate a first set of motiorp/waveforms indicative

of motion of the location on the patient’s body to which it is affjfed;

a processing component configured to be worn on the patieyt’s body, the processing

component comprising:

a second motion-detecting sensor positioned/on a second location on the patient’s
body, the second motion-detecting sensor configfred to generate a second set of motion
waveforms indicative of motion of the locatiof on the patient’s body to which the

processing component is affixed; and

a microprocessor configured tg/receive the time-dependent physiological
waveforms and at least of portion of the first and second set of motion waveforms and
determine therefrom: (i) at least #ne vital sign calculated using at least one of the first and
second time-dependent physiglogical waveforms; (ii) at least one motion parameter
selected from the patient’s/posture, activity state, and degree of motion, the motion
parameter calculated by/comparing at least one of the following components to a
predetermined thresiold value: (a) a component calculated from a time-dependent
waveform generaged by the motion-detecting sensor; (b) a component calculated from a
frequency-depgndent waveform calculated from the time-dependent waveform; and (c) a
component determined from an ROC curve; and (iii) an alarm, determined by collectively

processipe the at least one vital sign and the motion parameter with an alarm algorithm.

85.

chnfigured to generate a time-dependent motion waveform.

he system of claim 84, wherein each motion sensor comprises an accelerometer
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86. The system of claim 85, wherein each motion sensor further comprises an analog-to-

digital converter configured to digitize the time-dependent waveform.

87. The system of claim 84, wherein the first sensor comprises at least two ECG

electrodes and an ECG circuit.

88. The system of claim 87, wherein the first sensor is configured to attach #0 a location

selected from the patient’s arm and chest.

89. The system of claim 84, wherein the second sensor is an opticalSensor comprising at

least one light source and a photodetector.

90. The system of claim 89, wherein the second sensor is cofifigured to attach to a

location selected from the patient’s hand, fingers, wrist, gAd arm.

91. The system of claim 87, wherein the first time-gépendent physiological waveform is

an ECG waveform.

92. The system of claim 91, wherein the se¢dnd time-dependent physiological waveform

is an optical waveform.

93. The system of claim 92, whereiy/the processing component is further configured to:
1) calculate a time difference betw€en a feature in the ECG waveform and a feature in the

optical waveform; and ii) deteyfnine a blood pressure value from the time difference.

94. The system of claim #4, wherein both the first and second time-dependent
physiological waveforyis are selected from a group consisting of an optical waveform
detected by an optighl sensor, an acoustic waveform detected by an acoustic sensor, an
electrical wavefgim detected by an electrical sensor, and a pressure waveform detected by

a pressure SCsor.

95. TheAystem of claim 94, wherein the processing component is further configured to:
1) calgulate a time difference between a feature in the first time-dependent physiological
wgveform and a feature in the second time-dependent physiological waveform; and ii)

determine a blood pressure value from the time difference.

96. The system of claim 84, further comprising a graphical display.
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97. The system of claim 96, wherein the graphical display is further comprised by the

processing component configured to be worn on the patient’s body.

98. The system of claim 96, wherein the graphical display is configured to render
numerical values indicating the patient’s vital signs, and iconic images indicating poth the

motion parameter and the alarm.

99. The system of claim 84, wherein the graphical display further compriges a first user
interface for a patient, and a second user interface for a medical profesglonal that is
rendered after the processing unit processes an identifier correspongdng to the medical

professional.
100. The system of claim 99, wherein the identifier is encogfd in a barcode.

101. The system of claim 99, wherein the identifier is ghcoded in an RFID tag.

102. The system of claim 84, further comprising g/wireless transceiver configured to

transmit the vital sign, motion parameter, and a}arm to a remote computer.

103. The system of claim 101, wherein thgremote computer comprises a graphical
display configured to render numerical #alues indicating the patient’s vital signs, and

iconic images indicating both the mogfion parameter and the alarm.

104. A method for generating/an alarm while monitoring vital signs and posture of a

patient, the method comprisifg the following steps:

(a) detecting a first fme-dependent physiological waveform indicative of one or more
contractile propertiey/of the patient’s heart with a first sensor comprising a first detector

configured to be yorn on the patient’s bodys;

(b) detecpng a second time-dependent physiological waveform indicative of one or
more confactile properties of the patient’s heart with a second sensor comprising a

etector configured to be worn on the patient’s body;

detecting a set of time-dependent motion waveforms with at least one motion-
detecting sensor positioned on the patient’s torso, wherein the one motion-detecting

sensor detects a set of motion waveforms indicative of motion of the patient’s torso;
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(d) processing the first and second time-dependent physiological waveforms to

determine at least one vital sign from the patient;

(e) analyzing at least a portion of the set of time-dependent motion waveforms, of a
mathematical derivative thereof, to determine a vector corresponding to motion of/the

patient’s torso;

(2) comparing the posture parameter to a threshold value to esffmate the patient’s

posture; and

(h) generating an alarm by processing at least one of th€ patient’s posture and a
parameter resulting from a comparison of the vital sign 0 a predetermined alarm criteria,
wherein the alarm is indicated by a variance of the vyfal sign relative to the predetermined

alarm criteria and is regulated according to the pagent’s posture.

105. The method of claim 104, wherein step/h) further comprises processing both the
patient’s posture and a parameter resulting/from the comparison of the vital sign to the

predetermined alarm criteria to generat# the alarm.

106. The method of claim 104, whferein step (h) further comprises generating the alarm

b

in response to a change in the pAtient’s posture.

107. The method of claim/A 06, wherein step (h) further comprises generating the alarm if

the patient’s posture is gfanding up.

110/ The method of claim 104, wherein step (e) further comprises analyzing three time-

pendent motion waveforms, each corresponding to a unique axis, to determine the

vector.
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111. The method of claim 110, wherein step (f) further comprises comparing the vector
to a coordinate space defined by three positional vectors, each indicating an orientatiop/of

the motion-detecting sensor on the patient.

112. The method of claim 111, wherein a first positional vector corresponds tg/a vertical
5 axis in the coordinate space, a second positional vector corresponds to a horyZontal axis in
the coordinate space, and the third positional vector corresponds to a norpal axis

extending normal to the patient’s chest.
113. The method of claim 111, wherein the posture parameter is #Zn angle.

114. The method of claim 113, wherein step (f) further compfises comparing the vector
10 to the coordinate space to determine the angle between the¢/vector and at least one of the

three positional vectors.

115. The method of claim 114, wherein step (f) fyrther comprises comparing the vector
to the coordinate space to determine the angle bétween the vector and a vector
corresponding to a vertical axis, or a property of the angle between the vector and the

15  vector corresponding to the vertical axis.

116. The method of claim 115, whergin step (g) further comprises comparing the angle to
a threshold value that is substantiglly equivalent to 45 degrees, and wherein the patient’s

posture is estimated to be upright if the angle is less than the threshold value.

117. The method of claimA 15, wherein step (g) further comprises comparing the angle to
20  athreshold value that isASubstantially equivalent to 45 degrees, and wherein the patient’s

posture is estimated 6 be lying down if the angle is greater than the threshold value.

118. The method of claim 117, wherein step (f) further comprises comparing the vector

to the coordiphte space to determine the angle between the vector and a vector

correspongng to a normal axis extending normal to the patient’s chest, or a property of
25  the ang)€ between the vector and the vector corresponding to a normal axis extending

nornpal to the patient’s chest.

19. The method of claim 118, wherein step (g) further comprises comparing the angle to
a threshold value that is substantially equivalent to 35 degrees, and wherein the patient’s

posture is estimated to be supine if the angle is less than the threshold value.
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110. The method of claim 118, wherein step (g) further comprises comparing the angle to
a threshold value that is substantially equivalent to 135 degrees, and wherein the patie

posture is estimated to be prone if the angle is greater than the threshold value.

111. The method of claim 117, wherein step (f) further comprises comparing th€ vector
to the coordinate space to determine the angle between the vector and a vect,
corresponding to a horizontal axis, or a property of the angle between the fector and the

vector corresponding to the horizontal axis.

112. The method of claim 111, wherein step (g) further comprisef comparing the angle to
a threshold value that is substantially equivalent to 90 degrees,/and wherein the patient’s

posture is estimated to be lying on a first side if the angle isAess than the threshold value.

113. The method of claim 111, wherein step (g) furthe/ comprises comparing the angle to
a threshold value that is substantially equivalent to 90 degrees, and wherein the patient’s
posture is estimated to be lying on a side opposit# the first side if the angle is greater than

the threshold value.

114. The method of claim 104, wherein gtep (c) further comprises detecting a set of time-
dependent motion waveforms with at J€ast one motion-detecting sensor positioned on the

patient’s chest.

115. The method of claim 104 where the at least one motion-detecting sensor is an

accelerometer.

116. The method of claim 104, wherein step (d) further comprises processing the first
and second time-dependent physiological waveforms to calculate a time difference
between a featugf in the first time-dependent physiological waveform and a feature in the

second time-gependent physiological waveform.

117. ThZ method of claim 116, wherein step (d) further comprises calculating a blood

pressyre from the time difference.

8. The method of claim 116, wherein the first time-dependent physiological waveform
is an electrical waveform, and step (a) further comprises detecting the electrical
waveform with at least two electrodes attached to the patient and operably connected to

an electrical circuit.
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119. The method of claim 118, wherein the second time-dependent physiological
waveform is an optical waveform, and step (b) further comprises detecting the optical

waveform with an optical sensor comprising a light source and a photodiode.

120. The method of claim 116, wherein each of the first and second time-dependgfit
physiological waveforms are selected from a group consisting of an optical wayeform, an

electrical waveform, an acoustic waveform, and a pressure waveform.

121. The method of claim 120, wherein steps (a) and (b) each further cdmprise detecting
a time-dependent physiological waveform with a sensor selected frop a group consisting
of: (1) an optical sensor comprising a light source and a photodiogg€; (ii) an electrical

sensor comprising at least two electrodes operably connected {4 an electrical circuit; (iii)

an acoustic sensor comprising a microphone; and (iv) a pregSure sensor comprising a

transducer.




What is claimed is:

1. A system for processing at least one vital sign from a patient and generating an alarm,
the system comprising:

a first sensor comprising a first detector configured to detect a first time-dependent
physiological waveform indicative of one or more contractile properties of the patient’s heart;

a second sensor comprising a second detector configured to detect a second time-
dependent physiological waveform indicative of one or more contractile properties of the
patient's heart;

at least two motion-detecting sensors configured to be positioned on locations
selected from a forearm, upper arm, and a body location other than the forearm or upper arm
of the patient, each of the motion-detecting sensors configured to generate at least one motion
waveform indicative of motion of the location on the patient’s body to which the motion-
detecting sensor is affixed;

a first processing component configured to receive the time-dependent physiological
and motion waveforms and the first processing component also configured to determine
therefrom:

(i) at least one vital sign calculated using at least one of the first and second
time-dependent physiological waveforms; and

(i1) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion calculated using at least one motion waveform generated
by each of the motion-detecting sensors, wherein the motion parameter is calculated

by processing a time-dependent component from at least one motion waveform, and a

frequency-dependent component from at least one motion waveform; and

a second processing component configured to receive the at least one vital sign and
motion parameter and determine therefrom:

(i) a first alarm condition, calculated by comparing the at least one vital sign to
an alarm threshold;

(i1) a second alarm condition, calculated from the at least one motion
parameter; and

(iii) an alarm rule, determined by collectively processing the first and second
alarm conditions with an alarm algorithm, the alarm rule indicating whether or not the

system generates an alarm.
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2. A system for processing at least one vital sign from a patient and generating an alarm,
the system comprising:
a first sensor comprising a first detector configured to detect a first time-dependent
physiological waveform indicative of one or more contractile properties of the patient’s heart;
a second sensor comprising a second detector configured to detect a second time-
dependent physiological waveform indicative of one or more contractile properties of the
patient's heart;
at least two motion-detecting sensors configured to be positioned on locations
selected from a forearm, upper arm, and a body location other than the forearm or upper arm
of the patient, each of the motion-detecting sensors configured to generate at least one motion
waveform indicative of motion of the location on the patient’s body to which the motion-
detecting sensor is affixed;
a first processing component configured to receive the time-dependent physiological
and motion waveforms and determine therefrom:
(i) at least one vital sign calculated using at least one of the first and second
time-dependent physiological waveforms; and
(i1) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion calculated using at least one motion waveform generated
by each of the motion-detecting sensors, wherein the motion parameter corresponds to
walking, and the first processing component is configured to determine walking by:
i) calculating a frequency-dependent motion waveform from at least
one of the motion waveforms; and
i) analyzing a band of frequency components from the frequency-
dependent motion waveform to determine that the patient is walking; and
a second processing component configured to receive the at least one vital sign and
motion parameter and determine therefrom:
(i) a first alarm condition, calculated by comparing the at least one vital sign to
an alarm threshold;
(i1) a second alarm condition, calculated from the at least one motion
parameter; and
(iii) an alarm rule, determined by collectively processing the first and second
alarm conditions with an alarm algorithm, the alarm rule indicating whether or not the system

generates an alarm.
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3. The system of claim 2, wherein the band of frequency components is between 0 - 3

4. A system for processing at least one vital sign from a patient and generating an alarm,
the system comprising:
a first sensor comprising a first detector configured to detect a first time-dependent
physiological waveform indicative of one or more contractile properties of the patient’s heart;
a second sensor comprising a second detector configured to detect a second time-
dependent physiological waveform indicative of one or more contractile properties of the
patient's heart;
at least two motion-detecting sensors configured to be positioned on locations
selected from a forearm, upper arm, and a body location other than the forearm or upper arm
of the patient, each of the motion-detecting sensors configured to generate at least one motion
waveform indicative of motion of the location on the patient’s body to which the motion-
detecting sensor is affixed;
a first processing component configured to receive the time-dependent physiological
and motion waveforms and determine therefrom:
(i) at least one vital sign calculated using at least one of the first and second
time-dependent physiological waveforms; and
(i1) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion calculated using at least one motion waveform generated
by each of the motion-detecting sensors, wherein the motion parameter comprises
convulsing, and the first processing component is configured to determine convulsing
by:
i) calculating a frequency-dependent motion waveform from at least
one of the motion waveforms; and
ii) analyzing a band of frequency components from the frequency-
dependent motion waveform to determine that the patient is convulsing; and
a second processing component configured to receive the at least one vital sign and
motion parameter and the second processing component also configured to determine
therefrom:
(i) a first alarm condition, calculated by comparing the at least one vital sign to

an alarm threshold;
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(i1) a second alarm condition, calculated from the at least one motion
parameter; and

(iii) an alarm rule, determined by collectively processing the first and second
alarm conditions with an alarm algorithm, the alarm rule indicating whether or not the

system generates an alarm.

5. The system of claim 4, wherein the band of frequency components is between 0 -10
Hz.
6. A system for processing at least one vital sign from a patient and generating an alarm,

the system comprising:
a first sensor comprising a first detector configured to detect a first time-dependent
physiological waveform indicative of one or more contractile properties of the patient’s heart;
a second sensor comprising a second detector configured to detect a second time-
dependent physiological waveform indicative of one or more contractile properties of the
patient's heart;
at least two motion-detecting sensors configured to be positioned on locations
selected from a forearm, upper arm, and a body location other than the forearm or upper arm
of the patient, each of the motion-detecting sensors configured to generate at least one motion
waveform indicative of motion of the location on the patient’s body to which the motion-
detecting sensor is affixed;
a first processing component configured to receive the time-dependent physiological
and motion waveforms and determine therefrom:
(1) at least one vital sign calculated using at least one of the first and second
time-dependent physiological waveforms; and
(i1) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion calculated using at least one motion waveform generated
by each of the motion-detecting sensors, wherein the motion parameter comprises
falling, and the first processing component is configured to determine falling by:
i) calculating a time-dependent change in at least one of the motion
waveforms;
ii) calculating a frequency-dependent motion waveform from at least one of

the motion waveforms; and
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iii) analyzing the time-dependent change in at least one of the motion
waveforms and a band of frequency components from at least one of the frequency-
dependent motion waveforms to determine that the patient has fallen; and
a second processing component configured to receive the at least one vital sign and

motion parameter and determine therefrom:

(i) a first alarm condition, calculated by comparing the at least one vital sign to
an alarm threshold;

(i1) a second alarm condition, calculated from the at least one motion
parameter; and

(iii) an alarm rule, determined by collectively processing the first and second
alarm conditions with an alarm algorithm, the alarm rule indicating whether or not the

system generates an alarm.

7. The system of claim 6, wherein the band of frequency components is between 0 -15
Hz.
8. The system of claim 6, wherein the time-dependent change in at least one of the

motion waveforms comprises at least a 50% change in the motion waveform's value within a

time period of less than 2 seconds.

9. A system for processing at least one vital sign from a patient and generating an alarm,
the system comprising:

a first sensor comprising a first detector configured to detect a first time-dependent
physiological waveform indicative of one or more contractile properties of the patient’s heart;

a second sensor comprising a second detector configured to detect a second time-
dependent physiological waveform indicative of one or more contractile properties of the
patient's heart;

at least two motion-detecting sensors configured to be positioned on locations
selected from a forearm, upper arm, and a body location other than the forearm or upper arm
of the patient, each of the motion-detecting sensors configured to generate at least one motion
waveform indicative of motion of the location on the patient’s body to which the motion-
detecting sensor is affixed;

a first processing component configured to receive the time-dependent physiological

and motion waveforms and determine therefrom:
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(i) at least one vital sign calculated using at least one of the first and second
time-dependent physiological waveforms; and

(i1) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion calculated using at least one motion waveform generated
by each of the motion-detecting sensors; and
a second processing component configured to receive the at least one vital sign and

motion parameter and determine therefrom:

(i) a first alarm condition, calculated by comparing the at least one vital sign to
an alarm threshold;

(i1) a second alarm condition, calculated from the at least one motion
parameter; and

(iii) an alarm rule, determined by collectively processing the first and second
alarm conditions with an alarm algorithm, the alarm rule indicating whether or not the
system generates an alarm,
wherein the first processing component is further configured to determine the motion
parameter by comparing a parameter determined from the motion waveform to an
ROC threshold value associated with a ROC curve, wherein both the ROC threshold

value and the ROC curve are determined beforehand.

10. A system for continuously monitoring a patient, the system configured to be worn on
the patient's body and comprising:

an optical sensor comprising a first light source, a second light source, and a light
detector, the optical sensor configured to detect a first time-dependent optical waveform from
radiation generated by the first light source, and a second time-dependent optical waveform
from radiation generated by the second light source, wherein both the first and second time-
dependent optical waveforms are indicative of one or more contractile properties of the
patient's heart;

an electrical sensor comprising at least two electrodes and an electrical circuit,
wherein each electrode is configured to attach to separate locations on the patient and
measure an electrical signal, and the electrical circuit is configured to receive and process an
electrical signal from each electrode to generate a first time-dependent electrical waveform
indicative of one or more contractile properties of the patient's heart and a second time-

dependent electrical waveform indicative of a respiratory rate;
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at least two motion-detecting sensors configured to be positioned on two separate
locations on the body of the patient, the locations selected from a forearm, upper arm, chest,
and hand of the patient, wherein each of the motion-detecting sensors is configured to
generate at least one motion waveform indicative of motion of a body location onto which the
motion-detecting sensor is affixed; and

a processing component configured to receive the first and second time-dependent
optical waveforms, the first and second time-dependent electrical waveforms, and the motion
waveforms, and determine therefrom:

(i) a time difference between a feature in one of the first and second time-
dependent optical waveforms and a feature in one of the first and second electrical
waveforms;

(i1) a blood pressure value calculated from the time difference;

(iii) an SpO2 value calculated from both the first and second time-dependent
optical waveforms;

(iv) a heart rate calculated from at least one of the time-dependent electrical
waveforms;

(v) arespiratory rate calculated from the second time-dependent electrical
waveform;

(vi) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion calculated using at least one motion waveform generated
by each of the motion-detecting sensors; and

(vii) an alarm parameter calculated from at least one of the blood pressure

value, SpO2 value, heart rate, respiratory rate, and the motion parameter.

11. A system for processing at least one vital sign from a patient and generating an alarm,
the system comprising:

a first sensor comprising a first detector configured to be worn on the patient's body
and configured to detect a first time-dependent physiological waveform indicative of one or
more contractile properties of the patient’s heart;

a second sensor comprising a second detector configured to be worn on the patient's
body and configured to detect a second time-dependent physiological waveform indicative of

one or more contractile properties of the patient’s heart;
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a first motion-detecting sensor configured to be positioned on a first location on the
patient's body, the motion-detecting sensor configured to generate a first set of motion
waveforms indicative of motion of the location on the patient’s body to which it is affixed;

a processing component configured to be worn on the patient's body, the processing
component comprising:

a second motion-detecting sensor configured to be positioned on a second location on
the patient's body, the second motion-detecting sensor configured to generate a second set of
motion waveforms indicative of motion of the location on the patient's body to which the
processing component is affixed; and

a microprocessor configured to receive the time-dependent physiological waveforms
and at least of portion of the first and second set of motion waveforms and determine
therefrom:

(1) at least one vital sign calculated using at least one of the first and second
time-dependent physiological waveforms;

(i1) at least one motion parameter selected from the patient's posture, activity
state, and degree of motion, the motion parameter calculated by comparing at least
one of the following components to a predetermined threshold value:

(a) a component calculated from a time-dependent waveform generated
by the motion-detecting sensor;

(b) a component calculated from a frequency-dependent waveform
calculated from the time-dependent waveform; and

(c) a component determined from an ROC curve; and
(iii) an alarm, determined by collectively processing the at least one vital sign

and the motion parameter with an alarm algorithm.
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