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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-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  

(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 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; 

(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 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  

(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 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  

ii) 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;  

(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 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 

Hz. 

 

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  

(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 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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(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 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:  

(i) at least one vital sign calculated using at least one of the first and second 

time-dependent physiological waveforms; and  

(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 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;  

(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 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  

(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 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;  

(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 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;  

(ii) 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) a respiratory 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:  

(i) at least one vital sign calculated using at least one of the first and second 

time-dependent physiological 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 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. 

 

 


