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DESCRIPTION 

 

Title of the Invention: BIOLOGICAL MONITORING DEVICE AND BIOLOGICAL 

MONITORING PROGRAM 

 5 

Technical Field 

[0001] The present invention relates to a biological monitoring device for measuring 

biological information and determining the health state of a living organism. 

 

Background Art 10 

[0002] A system of measuring, for example by a wearable sensor worn by a subject 

(living organism), biological information (vital data) such as the body temperature, pulse, 

and movement of the subject and calculating the disturbance degree of the biological 

rhythm of the subject has been conventionally proposed (for example, see Patent 

Literature 1).   15 

[0003] In the system described in Patent Literature 1, regarding time series data 

(physiological index time series data) of biological information measured between 

predetermined times, the disturbance degree of the biological rhythm at inspection time is 

determined based on the amount of deviation in the physiological index time series data 

between normal time and inspection time.  20 

 

Citation List 

Patent Literature 

[0004] Patent Literature 1: Japanese Patent Application Laid-Open No. 2012-239799 

 25 

Summary of Invention 

Technical Problem 

[0005] The inventors of the present application have learned that, in the case of using 

the disturbance degree of the biological rhythm based on the amount of deviation in the 

physiological index time series data between normal time and inspection time as in the 30 
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system described in Patent Literature 1, it is sometimes difficult to accurately detect a 

sudden abnormality of the living organism. 

[0006] The present invention has been made in view of the above, and has an object of 

providing a biological monitoring device and a biological monitoring program that can 

accurately detect a sudden abnormality of a living organism. 5 

 

Solution to Problem 

[0007] A biological monitoring device according to the present invention includes: a 

biological information measurement unit that measures biological information of a 

monitoring target for each predetermined cycle; a biological information holding unit that 10 

holds time series data of the biological information measured by the biological 

information measurement unit; a dispersion degree calculation unit that calculates a 

dispersion degree of the biological information in a predetermined measurement period, 

with reference to the time series data held in the biological information holding unit; a 

divergence degree calculation unit that calculates, for evaluation biological information 15 

which is the biological information measured by the biological information measurement 

unit at a predetermined time point after the measurement period, a divergence degree of 

the evaluation biological information at the predetermined time point from a dispersion 

tendency of past biological information in the measurement period, based on the 

dispersion degree; and an abnormality determination unit that determines that the 20 

monitoring target is in an abnormal state, in a case where the divergence degree is greater 

than or equal to a predetermined level.  

[0008] According to the present invention, the biological information measurement 

unit measures the biological information of the monitoring target for each predetermined 

cycle, and the biological information holding unit holds the time series data of the 25 

biological information.  The dispersion degree calculation unit then calculates the 

dispersion degree of the biological information in the measurement period.  The 

divergence degree calculation unit calculates, for the evaluation biological information 

measured at the predetermined time point after the measurement period, the divergence 

degree from the dispersion range of the biological information in the measurement period, 30 
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based on the dispersion degree. 

[0009] Here, the dispersion degree indicates the tendency (trend) of change of the 

biological state in the past measurement period, so that the divergence degree indicates 

the degree of deviation of the biological information from the past tendency.  Hence, the 

abnormality determination unit can accurately determine that a living organism which is 5 

the monitoring target has a sudden abnormality, in the case where the divergence degree is 

greater than or equal to the predetermined level. 

[0010] Moreover, the dispersion degree calculation unit calculates a standard deviation 

of the biological information in the measurement period, as the dispersion degree, and the 

divergence degree calculation unit calculates, as the divergence degree, a value obtained 10 

by replacing the evaluation biological information with a deviation value of the biological 

information in the measurement period, using the standard deviation and an average value 

of the biological information in the measurement period. 

[0011] With this structure, the dispersion degree calculation unit calculates the standard 

deviation of the biological information in the measurement period, so that the divergence 15 

degree calculation unit can easily calculate the divergence degree using the standard 

deviation.   

[0012]  Moreover, the predetermined time point is a measurement point in time of the 

biological information in a most recent predetermined cycle, and the measurement period 

is a period of past several cycles from a predetermined cycle immediately preceding the 20 

most recent predetermined cycle. 

[0013] With this structure, by determining, for the biological information in the most 

recent predetermined cycle, the degree of deviation from the tendency of change of the 

biological information in the immediately previous measurement period, an abnormality 

of the living organism which is the monitoring target can be determined in real time. 25 

[0014]  Moreover, the biological information measurement unit measures a plurality of 

types of biological information, the biological information holding unit holds time series 

data of each of the plurality of types of biological information measured by the biological 

information measurement unit, the dispersion degree calculation unit individually 

calculates a dispersion degree of each of the plurality of types of biological information in 30 
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the measurement period, with reference to the time series data of the plurality of types of 

biological information held in the biological information holding unit, and the divergence 

degree calculation unit: calculates, for the evaluation biological information of each of the 

plurality of types at the predetermined time point, a divergence degree of the evaluation 

biological information from a dispersion tendency of the biological information in the 5 

measurement period, based on the dispersion degree; and calculates a weighted average of 

the calculated divergence degrees, as the divergence degree that is compared with the 

predetermined level by the abnormality determination unit.  

[0015] With this structure, the biological information measurement unit measures the 

plurality of types of biological information, and the dispersion degree calculation unit 10 

calculates the dispersion degree for each of the plurality of types of biological information.  

The divergence degree calculation unit then calculates the weighted average of the 

divergence degrees of the plurality of types of biological information, as the divergence 

degree that is compared with the predetermined level by the abnormality determination 

unit.  In this case, since the status of deviation from the past change tendency for the 15 

plurality of types of biological information can be determined based on one parameter 

(the weighted average of the divergence degrees of the plurality of types of biological 

information), a sudden abnormal state in a wider range can be determined easily. 

[0016]  Moreover, the biological information measurement unit measures a heart rate of 

the monitoring target, as the biological information, and the abnormality determination 20 

unit determines that the monitoring target is in the abnormal state due to paroxysmal atrial 

fibrillation, in the case where the divergence degree is greater than or equal to the 

predetermined level.  

[0017]  With this structure, in the case where the divergence degree is greater than or 

equal to the predetermined level, an abnormal state due to paroxysmal atrial fibrillation 25 

can be determined in recognition that the heart rate of the living organism as the 

monitoring target changes from a normal rhythm to a rhythm of atrial fibrillation.   

[0018]  Moreover, the biological information measurement unit measures a respiration 

rate of the monitoring target, as the biological information, and the abnormality 

determination unit determines that the monitoring target is in the abnormal state due to 30 



 - 5 - 

Cheyne-Stokes respiration, in the case where the divergence degree is greater than or 

equal to the predetermined level. 

[0019]  With this structure, in the case where the divergence degree is greater than or 

equal to the predetermined level, an abnormal state due to Cheyne-Stokes respiration can 

be determined in recognition that the respiration status of the living organism as the 5 

monitoring target cyclically switches between hypoventilation and hyperventilation. 

[0020]  Moreover, the biological information measurement unit measures a respiration 

rate and a posture of the monitoring target, as the biological information, and the 

abnormality determination unit determines that the monitoring target is in the abnormal 

state due to orthopnea, in the case where the divergence degree relating to the respiration 10 

rate is greater than or equal to the predetermined level and a posture change of the 

monitoring target is detected from measurement data of the posture. 

[0021]  With this structure, in the case where the divergence degree is greater than or 

equal to the predetermined level and the posture change of the monitoring target is 

detected from the measurement data of the posture, an abnormal state due to orthopnea 15 

can be determined in recognition that the respiration rate of the monitoring target deviates 

from the past change tendency with the posture change of the monitoring target.   

[0022]  Moreover, the monitoring target is a living organism lying on a bed, the 

biological information measurement unit measures a movement of the monitoring target, 

as the biological information, and the abnormality determination unit determines that the 20 

monitoring target is in the abnormal state of having a high possibility of falling off the 

bed, in the case where the divergence degree is greater than or equal to the predetermined 

level. 

[0023] With this structure, in the case where the divergence degree is greater than or 

equal to the predetermined level, an abnormal state of having a high possibility of falling 25 

off the bed can be determined in recognition that the movement of the living organism on 

the bed changes suddenly.   

[0024] A biological monitoring program according to the present invention causes a 

computer to function as: a biological information measurement unit that measures 

biological information of a monitoring target for each predetermined cycle; a biological 30 
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information holding unit that holds time series data of the biological information 

measured by the biological information measurement unit; a dispersion degree calculation 

unit that calculates a dispersion degree of the biological information in a predetermined 

measurement period, with reference to the time series data held in the biological 

information holding unit; a divergence degree calculation unit that calculates, for 5 

evaluation biological information which is the biological information measured by the 

biological information measurement unit at a predetermined time point after the 

measurement period, a divergence degree of the evaluation biological information at the 

predetermined time point from a dispersion tendency of past biological information in the 

measurement period, based on the dispersion degree; and an abnormality determination 10 

unit that determines that the monitoring target is in an abnormal state, in a case where the 

divergence degree is greater than or equal to a predetermined level.   

[0025] By executing the biological monitoring program according to the present 

invention by a computer, the structure of the biological monitoring device described 

above can be realized. 15 

 

Brief Description of Drawings 

[0026] FIG. 1 is a diagram of a biological monitoring device. 

 FIG. 2 is a diagram of a nurse call handset. 

 FIG. 3A is a diagram of a screen in normal time when no nurse call is made. 20 

 FIG. 3B is a diagram of a screen when a nurse call is made. 

 FIG. 4 is a diagram of a staff mobile terminal. 

 FIG. 5 is a first flowchart of a living organism abnormality determination 

process. 

 FIG. 6 is a second flowchart of the living organism abnormality determination 25 

process. 

 FIG. 7 is an explanatory diagram of relative thresholds and absolute thresholds 

in the abnormality determination process. 

 

Description of Embodiments 30 
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[0027] An embodiment of the present invention is described below, with reference to 

FIGS. 1 to 7.  As illustrated in FIG. 1, a biological monitoring device 30 in this 

embodiment constitutes a nurse call system 1 with a nurse call handset 20, a nurse call 

base unit 40, and a mobile terminal 50 carried by each nurse. 

 The nurse call system 1 is installed in a hospital, and has a structure for a nurse 5 

or a doctor responding to a call from a hospitalized patient.  The biological monitoring 

device 30 performs data communication between the nurse call base unit 40 and the 

mobile terminal 50 carried by each nurse, via a network 5. 

[0028] The nurse call handset 20 is attached to the headboard of a bed 3, and has a 

function of performing wireless (e.g. Bluetooth®) data communication with vital sensors 10 

10 and 11 worn by a patient P (corresponding to a living organism as the monitoring 

target according to the present invention) lying on the bed 3, and a function of performing 

wired or wireless data communication with the biological monitoring device 30 via the 

nurse call base unit 40. 

[0029] In this embodiment, the chest-worn vital sensor 10 worn on the chest of the 15 

patient P and the wristband vital sensor 11 worn around the wrist of the patient P are used 

as vital sensors.  A contactless vital sensor for measuring the body temperature, 

movement, pulse, respiration state, etc. of the patient P contactlessly may be used. 

[0030] The chest-worn vital sensor 10 measures biological information (vital data) 

such as the electrocardiogram, heart rate, respiration state, posture, and body surface 20 

temperature of the patient P, and transmits the measurement data to the nurse call handset 

20.  The wristband vital sensor 11 measures biological information such as the pulse and 

activity amount of the patient P, and transmits the measurement data to the nurse call 

handset 20. 

[0031] As illustrated in FIG. 2, the nurse call handset 20 includes a touch panel 21, a 25 

communication terminal 22, and a speaker/microphone 23.  The patient P can call a 

nurse by touching the touch panel 21, and talk with the nurse via the speaker/microphone 

23. 

[0032] The touch panel 21 displays a calling display 24 indicating that a call to a nurse 

is being made, an operating state display 25 indicating the number and operating state of 30 
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the handset 20, a talking display 26 indicating that talking is in progress, a sensor status 

display 27 indicating the reception status of the measurement data of biological 

information from the vital sensors 10 and 11, and an ETA display 28 indicating the 

estimated time of arrival (ETA) of the nurse.   

[0033] The nurse call handset 20 performs wireless or wired data communication with 5 

the nurse call base unit 40.  The nurse call handset 20 transmits the measurement data of 

biological information received from the vital sensors 10 and 11, to the nurse call base 

unit 40.  The nurse call handset 20 also performs transmission and reception of talk data 

with the nurse call base unit 40. 

[0034] The biological monitoring device 30 is composed of a computer including a 10 

communication circuit 31, a memory 32 (including the function of the biological 

information holding unit according to the present invention), a CPU (not illustrated), 

various interface circuits, and the like.  The CPU executes a control program (biological 

monitoring program) of the biological monitoring device 30 held in the memory 32, to 

function as a biological information measurement unit 33, a dispersion degree calculation 15 

unit 34, a divergence degree calculation unit 35, an abnormality determination unit 36, 

and an SNS control unit 37.   

[0035] The biological information measurement unit 33 receives the measurement data 

of biological information from the vital sensors 10 and 11, via the nurse call handset 20 

and the nurse call base unit 40.  The biological information measurement unit 33 20 

calculates an average value of the biological information for each predetermined cycle ∆t 

(e.g. 1 second), sets the calculated average value as biological information in each ∆t, and 

stores time series data of the biological information in the memory 32.   

[0036] The dispersion degree calculation unit 34 calculates a dispersion (variability, 

irregularity) degree of the biological information in a measurement period Tw (a period 25 

corresponding to several cycles ∆t), based on the measurement value of the biological 

information in each ∆t calculated by the biological information measurement unit 33.  

The divergence degree calculation unit 35 calculates a divergence degree indicating how 

much the biological information in the most recent ∆t (corresponding to the evaluation 

biological information at the predetermined time point according to the present invention) 30 
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calculated by the biological information measurement unit 33 diverges from the 

dispersion tendency of the biological information in the past measurement period Tw 

calculated by the dispersion degree calculation unit 34.   

[0037] The abnormality determination unit 36 determines whether or not the patient P 

has an abnormality, based on the divergence degree calculated by the divergence degree 5 

calculation unit 35.  In the case of determining that the patient P has an abnormality, the 

abnormality determination unit 36 transmits “abnormality notification data” indicating 

that the patient P has an abnormality, to the nurse call base unit 40 and the mobile 

terminal 50.  The processes by the biological information measurement unit 33, the 

dispersion degree calculation unit 34, the divergence degree calculation unit 35, and the 10 

abnormality determination unit 36 will be described in detail later. 

[0038] The nurse call base unit 40 includes a touch panel 41.  As illustrated in FIG. 

3A, the nurse call base unit 40 displays, on the touch panel 41, a list 42 of whether or not 

there is a call from the nurse call handset 20 installed at each bed in each hospital room 

and each common utility (restroom in FIG. 3A), and an operation part 43 for operating the 15 

nurse call base unit 40. 

[0039] Upon receiving “abnormality notification data” from the biological monitoring 

device 30, the nurse call base unit 40 displays a pop-up display 45 notifying the hospital 

room and name of a patient having an abnormality on the touch panel 41, as illustrated in 

FIG. 3B.  In FIG. 3B, “risk of falling” is displayed for the patient (Taro Akashi) in bed 1 20 

in room 301, and “pulse abnormality” is displayed for the patient (Kyoko Nakayama) in 

bed 3 in room 302. 

[0040] When the patient P touches the nurse call handset 20 to make a call, the 

biological monitoring device 30 highlights the name of the patient who has touched the 

nurse call handset 20, without producing the pop-up display 45 illustrated in FIG. 3B.   25 

[0041] The mobile terminal 50, upon receiving “abnormality notification data” from 

the biological monitoring device 30, displays a call display 57 indicating the status of the 

call from the patient, response buttons 52 and 53, and a communication screen 54 on a 

touch panel 51, as illustrated in FIG. 4. 

[0042] The SNS control unit 37 in the biological monitoring device 30 provides an 30 
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SNS (Social Networking Service)-like information sharing service to each nurse carrying 

the mobile terminal 50.  The SNS control unit 37 provides an application for an 

information sharing service to each mobile terminal 50.  By each mobile terminal 50 

executing this application, information sharing between the mobile terminals 50 is 

enabled.   5 

[0043] The nurses carrying the mobile terminals 50 share information about each 

patient having an abnormality, using the information sharing service provided by the SNS 

control unit 37.  In detail, the SNS control unit 37 has abnormal state details 55 and 56 

displayed on the communication screen 54 of each mobile terminal 50, and receives 

information about patient treatment and the like input by a nurse.  The SNS control unit 10 

37 distributes the input information to each mobile terminal 50.   

[0044] The processes by the dispersion degree calculation unit 34, the divergence 

degree calculation unit 35, and the abnormality determination unit 36 are described below, 

with reference to flowcharts illustrated in FIGS. 5 to 6.   

[0045] STEP 1 to STEP 6 in FIG. 5 are the process by the dispersion degree calculation 15 

unit 34.  The dispersion degree calculation unit 34 prepares n array variables MD1 to 

MDn each having (m + 1) elements and a counter variable ct, in order to hold 

measurement data of n pieces (n types) of biological information measured (m + 1) times 

by the vital sensors 10 and 11. 

[0046] The dispersion degree calculation unit 34 sets the counter variable ct to 1 in 20 

STEP 1, and repeatedly performs a process of a loop of STEP 2 to STEP 5 until the 

counter variable ct reaches m + 1 in STEP 5. 

[0047] In STEP 2, the dispersion degree calculation unit 34 receives measurement data 

SDAT1, SDAT2, ..., SDATn of n pieces (n types) of biological information from the vital 

sensors 10 and 11.  In the next STEP 3, the dispersion degree calculation unit 34 writes 25 

the received measurement data SDAT1, SDAT2, ..., SDATn respectively to the array 

variables MD1[ct], MD2[ct], ..., MDn[ct].  In the next STEP 4, the dispersion degree 

calculation unit 34 increments the counter variable ct.  The dispersion degree calculation 

unit 34 then advances to STEP 5.   

[0048] In the case where the counter variable ct is m + 1 in STEP 5, i.e. in the case 30 
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where measurement data SDAT1, SDAT2, ..., SDATn corresponding to m times 

measurements are written in the array elements 1 to m of the array variables MD1 to 

MDn, the dispersion degree calculation unit 34 advances to STEP 6.  Regarding the 

measurement data written in the array elements 1 to m of the array variables MD1 to 

MDn, the dispersion degree calculation unit 34 calculates standard deviations σ1 to σn for 5 

the respective types of biological information.  For example, regarding the array variable 

MD1, the dispersion degree calculation unit 34 calculates the standard deviation σ1 for 

the array variables MD1[1] to MD1[m], according to the following Expressions (1) and 

(2).   

[0049] [Math. 1] 10 

 

[0050] [Math. 2] 

 

[0051] The next STEP 7 to STEP 10 in FIG. 6 are the processes by the divergence 

degree calculation unit 35.  In STEP 7, the divergence degree calculation unit 35 15 

receives measurement data SDAT1, SDAT2, ..., SDATn of the vital sensors 10 and 11, 

from the nurse call base unit 40.  In the next STEP 8, the divergence degree calculation 

unit 35 writes the received measurement data SDAT1, SDAT2, ..., SDATn to the 

respective array elements m + 1 of the array variables MD1 to MDn. 

[0052] In the next STEP 9 in FIG. 6, the divergence degree calculation unit 35 20 

calculates a deviation value c1 obtained by replacing the most recent measurement data 

MD1[m + 1] based on the standard deviation σ1 of the measurement data MD1[1] to 

MD1[m] in the immediately previous measurement period Tw, according to the following 

Expression (3).   

[0053] [Math. 3] 25 
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[0054] For the array variables MD2 to MDn, the divergence degree calculation unit 35 

similarly calculates deviation values c2 to cn of MD2[m + 1] to MDn[m + 1]. 

[0055] In the next STEP 10, the divergence degree calculation unit 35 calculates a 

weighted average of the deviation values c1 to cn as an urgency degree score EmS, 5 

according to the following Expression (4).   

[0056] [Math. 4]  

 

[0057] Here, k1, k2, ..., kn are coefficients of the weighted average, and are determined 

by calculating, from a vector autoregressive model (VAR model), a VAR(p) model in the 10 

following Expression (5) and performing tuning from an impulse reaction function.   

[0058] [Math. 5] 

 

[0059] The next STEP 11 is the process by the abnormality determination unit 36.  In 

the case where the urgency degree score EmS is greater than or equal to an upper-limit 15 

threshold Emth1 or less than or equal to a lower-limit threshold Emth2 set based on the 

standard deviations σ1 to σn in the immediately previous measurement period Tw, the 

abnormality determination unit 36 determines that the patient P has a sudden abnormality, 

and advances to STEP 20.  In STEP 20, the abnormality determination unit 36 transmits 

“abnormality notification data” to the nurse call base unit 40 and the mobile terminal 50 20 

carried by each nurse, via the network 5 (abnormality notification process).  The upper-

limit threshold Emth1 and the lower-limit threshold Emth2 are set based on the standard 

deviations σ1 to σn, past measurement results, and the like.   

[0060] As a result, the nurse call base unit 40 produces the pop-up display illustrated in 
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FIG. 3B, as mentioned above.  In addition, the mobile terminal 50 carried by each nurse 

displays the abnormality notification screen illustrated in FIG. 4, as mentioned above. 

[0061] In the case where the urgency degree score EmS is greater than the lower-limit 

threshold Emth2 and less than the upper-limit threshold Emth1 in STEP 11, the 

abnormality determination unit 36 determines that the patient P has no abnormality, and 5 

advances to STEP 12.   

[0062] STEP 12 to STEP 15 are the processes by the dispersion degree calculation unit 

34.  The dispersion degree calculation unit 34 sets the counter variable ct to 1 in STEP 

12, and shifts the measurement data held in the array elements 2 to m + 1 of the array 

variables MD1 to MDn to the array elements 1 to m by a process of a loop of STEP 13 to 10 

STEP 15.   

[0063] For example, regarding the array variable MD1, the dispersion degree 

calculation unit 34 shifts the measurement data held in MD1[2] to MD1[m + 1] 

respectively to MD1[1] to MD1[m].  The same applies to the array variables MD2 to 

MDm.   15 

[0064] In the case where the counter variable ct is m + 1 in STEP 15, the dispersion 

degree calculation unit 34 advances to STEP 6 in FIG. 5.  In STEP 6, the dispersion 

degree calculation unit 34 calculates the standard deviations σ1 to σn respectively for the 

array variables MD1 to MDn with the shifted measurement data.  Thus, the standard 

deviations σ1 to σn are updated with the values based on the measurement data in the 20 

immediately previous measurement period Tw. 

[0065] Subsequently, each time measurement data SDAT1 to SDATn of the vital 

sensors 10 and 11 are received from the nurse call base unit 40 in STEP 7, the divergence 

degree calculation unit 35 calculates the urgency degree score EmS in STEP 8 to STEP 10, 

and the abnormality determination unit 36 determines in real time whether or not the 25 

patient P has an abnormality in STEP 11.  The dispersion degree calculation unit 34 then 

updates the standard deviations σ1 to σn based on the measurement data in the 

immediately previous measurement period Tw in STEP 12 to STEP 15 and STEP 6.   

[0066] [Other embodiments] 

 Although the urgency degree score EmS is calculated by taking a weighted 30 
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average of a plurality of types of biological information according to Expression (4) in the 

foregoing embodiment, the urgency degree score EmS may be calculated for each type of 

biological information to determine whether or not the patient P has an abnormality. 

[0067] FIG. 7 illustrates an example of performing the processes by the dispersion 

degree calculation unit 34, the divergence degree calculation unit 35, and the abnormality 5 

determination unit 36 with regard to pulse.  The vertical axis is set to pulse (Hz), and the 

horizontal axis is set to time (t).   

[0068] In FIG. 7, PuS denotes a measurement value of pulse by the vital sensor 11, 

PuRth1 denotes a relative upper limit, PuRth2 denotes a relative lower limit, PuAth1 

denotes an absolute upper limit, and PuAth2 denotes an absolute lower limit.   10 

[0069] The dispersion degree calculation unit 34 receives measurement data of the vital 

sensor 11 from the nurse call base unit 40 at t1, t2, ..., tm, and tm + 1 for each 

predetermined cycle ∆t.  At tm at which m pieces of measurement data have been 

received, the dispersion degree calculation unit 34 calculates a standard deviation σp of 

the measurement value of the pulse in a measurement period Tw (corresponding to the 15 

process in STEP 1 to STEP 6 in FIG. 5).   

[0070] The divergence degree calculation unit 35 sets ap + 2σp as the relative upper 

limit PuRth1, and sets ap - 2σp as the relative lower limit PuRth2, where ap is an average 

value of the measurement value of the pulse in the measurement period Tw.  In this case, 

if the measurement value of the pulse at tm is within the range of the relative lower limit 20 

PuRth2 to the relative upper limit PuRth1, the divergence degree of the measurement 

value of the pulse at tm with respect to the dispersion tendency of the pulse in the 

measurement period Tw is determined to be a normal level (less than the predetermined 

level according to the present invention).   

[0071] If the measurement value of the pulse at tm is outside the range of the relative 25 

lower limit PuRth2 to the relative upper limit PuRth1, the abnormality determination unit 

36 determines that the patient P is in an abnormal state.   

[0072] [Determination for specific cases] 

(1) Paroxysmal atrial fibrillation 

 An abnormal state due to paroxysmal atrial fibrillation can be determined by 30 
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performing the processes by the dispersion degree calculation unit 34, the divergence 

degree calculation unit 35, and the abnormality determination unit 36 for measurement 

data of the heart rate of the patient P by the vital sensor 10 to calculate the divergence 

degree of the most recent heart rate with respect to the dispersion degree of the heart rate 

in the past measurement period Tw.   5 

[0073] (2) Cheyne-Stokes respiration 

 An abnormal state due to Cheyne-Stokes respiration can be determined by 

performing the processes by the dispersion degree calculation unit 34, the divergence 

degree calculation unit 35, and the abnormality determination unit 36 for measurement 

data of the respiration rate of the patient P by the vital sensor 10 to calculate the 10 

divergence degree of the most recent respiration rate with respect to the dispersion degree 

of the respiration rate in the past measurement period Tw. 

[0074] (3) Orthopnea 

 An abnormal state due to orthopnea can be determined as follows: The 

processes by the dispersion degree calculation unit 34, the divergence degree calculation 15 

unit 35, and the abnormality determination unit 36 are performed for measurement data of 

the respiration rate of the patient P by the vital sensor 10, to calculate the divergence 

degree of the most recent respiration rate with respect to the dispersion degree of the 

respiration rate in the past measurement period Tw.  In the case where the divergence 

degree is greater than or equal to a predetermined level and the vital sensor 10 detects a 20 

posture change of the patient P, the patient P is determined to be in an abnormal state due 

to orthopnea.   

[0075] (4) Falling off a bed  

 An abnormal state of the patient P having a high possibility of falling off the 

bed can be determined by performing the processes by the dispersion degree calculation 25 

unit 34, the divergence degree calculation unit 35, and the abnormality determination unit 

36 based on measurement data of the posture of the patient P by the vital sensor 10 to 

calculate the divergence degree of the most recent posture with respect to the dispersion 

degree of the posture of the patient P in the past measurement period Tw.   

[0076] [Applications of the present invention] 30 
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 Although the foregoing embodiment describes an example where the biological 

monitoring device according to the present invention is part of a nurse call system 

installed in a hospital, the biological monitoring device according to the present invention 

can also be used in the case of monitoring biological information of nursing home 

residents, home care patients, etc.  5 

[0077] The present invention is also applicable to living organisms (e.g. dogs, cats, or 

the like) other than humans. 

[0078] [Modifications] 

 Although the biological monitoring device according to the present invention 

has a server function and receives the measurement data of the vital sensors via the 10 

network in the foregoing embodiment, the biological monitoring device according to the 

present invention may receive the measurement data of the vital sensors directly without 

involving the network. 

[0079] Although a standard deviation is used as the dispersion degree according to the 

present invention in the foregoing embodiment, other indexes such as a measurement 15 

value change range (maximum measurement value – minimum measurement value) may 

be used. 

 

Description of Reference Numerals 

[0080] 1 nurse call system 20 

 10 (chest-worn) vital sensor 

 11 (wristband) vital sensor, 

 20 nurse call handset 

 30 biological monitoring device 

 33 biological information measurement unit 25 

 34 dispersion degree calculation unit 

 35 divergence degree calculation unit 

 36 abnormality determination unit 

 37 SNS control unit 

 40 nurse call base unit 30 
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 50 mobile terminal (carried by nurse) 
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CLAIMS 

 

1. A biological monitoring device comprising: 

 a biological information measurement unit that measures biological information 

of a monitoring target for each predetermined cycle; 5 

 a biological information holding unit that holds time series data of the 

biological information measured by the biological information measurement unit; 

 a dispersion degree calculation unit that calculates a dispersion degree of the 

biological information in a predetermined measurement period, with reference to the time 

series data held in the biological information holding unit; 10 

 a divergence degree calculation unit that calculates, for evaluation biological 

information which is the biological information measured by the biological information 

measurement unit at a predetermined time point after the measurement period, a 

divergence degree of the evaluation biological information at the predetermined time 

point from a dispersion tendency of past biological information in the measurement 15 

period, based on the dispersion degree; and 

 an abnormality determination unit that determines that the monitoring target is 

in an abnormal state, in a case where the divergence degree is greater than or equal to a 

predetermined level. 

  20 

2. The biological monitoring device according to claim 1, wherein the dispersion 

degree calculation unit calculates a standard deviation of the biological information in the 

measurement period, as the dispersion degree, and 

 wherein the divergence degree calculation unit calculates, as the divergence 

degree, a value obtained by replacing the evaluation biological information with a 25 

deviation value of the biological information in the measurement period, using the 

standard deviation and an average value of the biological information in the measurement 

period.   

 

3. The biological monitoring device according to claim 1 or 2, wherein the 30 
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predetermined time point is a measurement point in time of the biological information in 

a most recent predetermined cycle, and the measurement period is a period of past several 

cycles from a predetermined cycle immediately preceding the most recent predetermined 

cycle. 

 5 

4. The biological monitoring device according to claim 1 or 2, wherein the 

biological information measurement unit measures a plurality of types of biological 

information,  

 wherein the dispersion degree calculation unit individually calculates a 

dispersion degree of each of the plurality of types of biological information in the 10 

measurement period, with reference to the time series data of the plurality of types of 

biological information held in the biological information holding unit, and   wherein 

the divergence degree calculation unit: calculates, for the evaluation biological 

information of each of the plurality of types at the predetermined time point, a divergence 

degree of the evaluation biological information from a dispersion tendency of the 15 

biological information in the measurement period, based on the dispersion degree; and 

calculates a weighted average of the calculated divergence degrees, as the divergence 

degree that is compared with the predetermined level by the abnormality determination 

unit.  

 20 

5. The biological monitoring device according to any one of claims 1 to 3,

 wherein the biological information measurement unit measures a heart rate of 

the  monitoring target, as the biological information, and   

 wherein the abnormality determination unit determines that the monitoring 

target is in the abnormal state due to paroxysmal atrial fibrillation, in the case where the 25 

divergence degree is greater than or equal to the predetermined level.  

 

6. The biological monitoring device according to any one of claims 1 to 3,  

 wherein the biological information measurement unit measures a respiration 

rate of the monitoring target, as the biological information , and  30 
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 wherein the abnormality determination unit determines that the monitoring 

target is in the abnormal state due to Cheyne-Stokes respiration, in a case where the 

divergence degree is greater than or equal to the predetermined level.  

 5 

7. The biological monitoring device according to any one of claims 1 to 3,

 wherein the biological information measurement unit measures a respiration 

rate and a posture of the monitoring target, as the biological information, and 

 wherein the abnormality determination unit determines that the monitoring 

target is in the abnormal state due to orthopnea, in the case where the divergence degree 10 

relating to the respiration rate is greater than or equal to the predetermined level and a 

posture change of the monitoring target is detected from measurement data of the posture. 

 

8.       The biological monitoring device according to any one of claims 1 to 3, 

wherein the monitoring target is a living organism lying on a bed, 15 

         wherein the biological information measurement unit measures a movement of 

the monitoring target, as the biological information, and 

          wherein the abnormality determination unit determines that the monitoring 

target is in the abnormal state of having a high possibility of falling off the bed, in the 

case where the divergence degree is greater than or equal to the predetermined level.          20 

 

9. A biological monitoring program causing a computer to function as:  

 a biological information measurement unit that measures biological information 

of a monitoring target for each predetermined cycle; 

 a biological information holding unit that holds time series data of the 25 

biological information measured by the biological information measurement unit; 

 a dispersion degree calculation unit that calculates a dispersion degree of the 

biological information in a predetermined measurement period, with reference to the time 

series data held in the biological information holding unit; 

 a divergence degree calculation unit that calculates, for evaluation biological 30 
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information which is the biological information measured by the biological information 

measurement unit at a predetermined time point after the measurement period, a 

divergence degree of the evaluation biological information at the predetermined time 

point from a dispersion tendency of past biological information in the measurement 

period, based on the dispersion degree; and 5 

 an abnormality determination unit that determines that the monitoring target is 

in an abnormal state, in a case where the divergence degree is greater than or equal to a 

predetermined level.  

 

 10 




