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DESCRIPTION

Title of the Invention: BIOLOGICAL MONITORING DEVIE AND BIOLOGICAL
MONITORING PROGRAM

Technical Field
[0001] The present invention relates to a bioldgroanitoring device for measuring

biological information and determining the healidts of a living organism.

Background Art

[0002] A system of measuring, for example by a &bk sensor worn by a subject
(living organism), biological information (vital tg such as the body temperature, pulse,
and movement of the subject and calculating thaurdiance degree of the biological
rhythm of the subject has been conventionally psedo(for example, see Patent
Literature 1).

[0003] In the system described in Patent Literatliyeregarding time series data
(physiological index time series data) of biologigaformation measured between
predetermined times, the disturbance degree diithegical rhythm at inspection time is
determined based on the amount of deviation irpthesiological index time series data

between normal time and inspection time.

Citation List
Patent Literature

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

Summary of Invention

Technical Problem

[0005] The inventors of the present applicationenkarned that, in the case of using
the disturbance degree of the biological rhythmetlasn the amount of deviation in the

physiological index time series data between notma andinspection timeas in the
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system described in Patent Literature 1, it is dones difficult to accurately detect a

sudden abnormality of the living organism.

[0006] The present invention has been made in viethie above, and has an object of
providing a biological monitoring device and a bigical monitoring program that can

accurately detect a sudden abnormality of a ligrganism.

Solution to Problem

[0007] A biological monitoring device according tflee present invention includes: a
biological information measurement unit that measubiological information of a
monitoring target for each predetermined cycleiotolical information holding unit that
holds time series data of the biological informaticneasured by the biological
information measurement unit; a dispersion degr@eutation unit that calculates a
dispersion degree of the biological informatioraipredetermined measurement period,
with reference to the time series data held inktisdogical information holding unit; a
divergence degree calculation unit that calculdt@sevaluation biological information
which is the biological information measured by thaogical information measurement
unit at a predetermined time point after the mesment period, a divergence degree of
the evaluation biological information at the predlstined time point from a dispersion
tendency of past biological information in the meament period, based on the
dispersion degree; and an abnormality determinatioit that determines that the
monitoring target is in an abnormal state, in a&aakere the divergence degree is greater
than or equal to a predetermined level.

[0008] According to the present invention, the bgital information measurement
unit measures the biological information of the rtanng target for each predetermined
cycle, and the biological information holding umiblds the time series data of the
biological information. The dispersion degree cktion unit then calculates the
dispersion degree of the biological information tile measurement period. The
divergence degree calculation unit calculates,ttier evaluation biological information
measured at the predetermined time point aftentbasurement period, the divergence

degree from the dispersion range of the biologidakmation in the measurement period,
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based on the dispersion degree.

[0009] Here, the dispersion degree indicates tinelelecy (trend) of change of the
biological state in the past measurement periodhabthe divergence degree indicates
the degree of deviation of the biological inforroatfrom the past tendency. Hence, the
abnormality determination unit can accurately detee that a living organism which is
the monitoring target has a sudden abnormalitiyencase where the divergence degree is
greater than or equal to the predetermined level.

[0010] Moreover, the dispersion degree calculatioi calculates a standard deviation
of the biological information in the measuremeniqut as the dispersion degree, and the
divergence degree calculation unit calculateshaglivergence degree, a value obtained
by replacing the evaluation biological informatwith a deviation value of the biological
information in the measurement period, using taaddrd deviation and an average value
of the biological information in the measuremerrique

[0011] With this structure, the dispersion degralewation unit calculates the standard
deviation of the biological information in the maesment period, so that the divergence
degree calculation unit can easily calculate thesrdience degree using the standard
deviation.

[0012] Moreover, the predetermined time point im@asurement point in time of the
biological information in a most recent predeteredirtycle, and the measurement period
is a period of past several cycles from a predetertincycle immediately preceding the
most recent predetermined cycle.

[0013] With this structure, by determining, for thimlogical information in the most
recent predetermined cycle, the degree of devidtmmn the tendency of change of the
biological information in the immediately previoogeasurement period, an abnormality
of the living organism which is the monitoring tatrgan be determined in real time.
[0014] Moreover, the biological information meamment unit measures a plurality of
types of biological information, the biological arfnation holding unit holds time series
data of each of the plurality of types of biologdicdormation measured by the biological
information measurement unit, the dispersion degrakulation unit individually

calculates a dispersion degree of each of thelpjuod types of biological information in
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the measurement period, with reference to the semies data of the plurality of types of
biological information held in the biological infoation holding unit, and the divergence
degree calculation unit: calculates, for the ev@uabiological information of each of the
plurality of types at the predetermined time poantlivergence degree of the evaluation
biological information from a dispersion tendendytloe biological information in the
measurement period, based on the dispersion degré&alculates a weighted average of
the calculated divergence degrees, as the divezgdegree that is compared with the
predetermined level by the abnormality determimatinit.

[0015] With this structure, the biological inform@t measurement unit measures the
plurality of types of biological information, antie dispersion degree calculation unit
calculates the dispersion degree for each of tnalitly of types of biological information.
The divergence degree calculation unit then calesldhe weighted average of the
divergence degrees of the plurality of types ofdgwal information, as the divergence
degree that is compared with the predetermined lgwe¢he abnormality determination
unit. In this case, since the status of deviafrom the past change tendency for the
plurality of types of biological information can laetermined based on one parameter
(the weighted average of the divergence degredlseoplurality of types of biological
information), a sudden abnormal state in a widegeacan be determined easily.

[0016] Moreover, the biological information measmment unit measures a heart rate of
the monitoring target, as the biological informati@nd the abnormality determination
unit determines that the monitoring target is | éfonormal state due to paroxysmal atrial
fibrillation, in the case where the divergence degis greater than or equal to the
predetermined level.

[0017] With this structure, in the case where dheergence degree is greater than or
equal to the predetermined level, an abnormal shageto paroxysmal atrial fibrillation
can be determined in recognition that the head wHt the living organism as the
monitoring target changes from a normal rhythm thyahm of atrial fibrillation.

[0018] Moreover, the biological information meamment unit measures a respiration
rate of the monitoring target, as the biologicafoimation, and the abnormality

determination unit determines that the monitoriagét is in the abnormal state due to
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Cheyne-Stokes respiration, in the case where thergiince degree is greater than or
equal to the predetermined level.

[0019] With this structure, in the case where dheergence degree is greater than or
equal to the predetermined level, an abnormal sizeto Cheyne-Stokes respiration can
be determined in recognition that the respiratitatus of the living organism as the
monitoring target cyclically switches between hypatlation and hyperventilation.

[0020] Moreover, the biological information measment unit measures a respiration
rate and a posture of the monitoring target, as biodogical information, and the
abnormality determination unit determines that ri@nitoring target is in the abnormal
state due to orthopnea, in the case where thegdinee degree relating to the respiration
rate is greater than or equal to the predetermieeel and a posture change of the
monitoring target is detected from measurement afatze posture.

[0021] With this structure, in the case where dheergence degree is greater than or
equal to the predetermined level and the postusmgdh of the monitoring target is
detected from the measurement data of the postarapnormal state due to orthopnea
can be determined in recognition that the respinatate of the monitoring target deviates
from the past change tendency with the posturegghahthe monitoring target.

[0022] Moreover, the monitoring target is a livimgganism lying on a bed, the
biological information measurement unit measuresogement of the monitoring target,
as the biological information, and the abnormatiégermination unit determines that the
monitoring target is in the abnormal state of hgvanhigh possibility of falling off the
bed, in the case where the divergence degreeasegithan or equal to the predetermined
level.

[0023] With this structure, in the case where therence degree is greater than or
equal to the predetermined level, an abnormal sfataving a high possibility of falling
off the bed can be determined in recognition thatrhovement of the living organism on
the bed changes suddenly.

[0024] A biological monitoring program according ttee present invention causes a
computer to function as: a biological informationeasurement unit that measures

biological information of a monitoring target foaeh predetermined cycle; a biological
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information holding unit that holds time series adaif the biological information
measured by the biological information measureraaitt a dispersion degree calculation
unit that calculates a dispersion degree of theogical information in a predetermined
measurement period, with reference to the timeesedata held in the biological
information holding unit; a divergence degree daliton unit that calculates, for
evaluation biological information which is the lmgical information measured by the
biological information measurement unit at a predained time point after the
measurement period, a divergence degree of theatial biological information at the
predetermined time point from a dispersion tendexigyast biological information in the
measurement period, based on the dispersion degmdean abnormality determination
unit that determines that the monitoring targetian abnormal state, in a case where the
divergence degree is greater than or equal todefmenined level.

[0025] By executing the biological monitoring pragr according to the present
invention by a computer, the structure of the lgalal monitoring device described

above can be realized.

Brief Description of Drawings
[0026] FIG. 1is a diagram of a biological monitayidevice.

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

FIG. 3Ais a diagram of a screen in normal timewho nurse call is made.

FIG. 3B is a diagram of a screen when a nursescaibde.

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

FIG. 5 is a first flowchart of a living organisnbreormality determination
process.

FIG. 6 is a second flowchart of the living orgamiabnormality determination
process.

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

in the abnormality determination process.

Description of Embodiments
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[0027] An embodiment of the present invention isalded below, with reference to
FIGS. 1 to 7. As illustrated in FIG. 1, a biolagiicnonitoring device 30 in this
embodiment constitutes a nurse call system 1 witlurae call handset 20, a nurse call
base unit 40, and a mobile terminal 50 carrieddmheurse.

The nurse call system 1 is installed in a hospatadl has a structure for a nurse
or a doctor responding to a call from a hospitdlipatient. The biological monitoring
device 30 performs data communication between tireencall base unit 40 and the
mobile terminal 50 carried by each nurse, via avaet 5.

[0028] The nurse call handset 20 is attached tchdelboard of a bed 3, and has a
function of performing wireless (e.g. Bluetooth®ta communication with vital sensors
10 and 11 worn by a patient P (corresponding tviagl organism as the monitoring
target according to the present invention) lyingtenbed 3, and a function of performing
wired or wireless data communication with the byidal monitoring device 30 via the
nurse call base unit 40.

[0029] In this embodiment, the chest-worn vital s8n10 worn on the chest of the
patient P and the wristband vital sensor 11 woourgd the wrist of the patient P are used
as vital sensors. A contactless vital sensor faasuaring the body temperature,
movement, pulse, respiration state, etc. of thieqa® contactlessly may be used.

[0030] The chest-worn vital sensor 10 measuresogical information (vital data)
such as the electrocardiogram, heart rate, regpiratate, posture, and body surface
temperature of the patient P, and transmits thesumement data to the nurse call handset
20. The wristband vital sensor 11 measures bicdébgnformation such as the pulse and
activity amount of the patient P, and transmits nfeasurement data to the nurse call
handset 20.

[0031] As illustrated in FIG. 2, the nurse call daet 20 includes a touch panel 21, a
communication terminal 22, and a speaker/microph@Be The patient P can call a
nurse by touching the touch panel 21, and talk tiéhnurse via the speaker/microphone
23.

[0032] The touch panel 21 displays a calling digf@d indicating that a call to a nurse

Is being made, an operating state display 25 itidgahe number and operating state of
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the handset 20, a talking display 26 indicating thking is in progress, a sensor status
display 27 indicating the reception status of theasurement data of biological
information from the vital sensors 10 and 11, andETA display 28 indicating the
estimated time of arrival (ETA) of the nurse.

[0033] The nurse call handset 20 performs wiretessired data communication with
the nurse call base unit 40. The nurse call hariflsgransmits the measurement data of
biological information received from the vital sers 10 and 11, to the nurse call base
unit 40. The nurse call handset 20 also perforarsinission and reception of talk data
with the nurse call base unit 40.

[0034] The biological monitoring device 30 is corspd of a computer including a
communication circuit 31, a memory 32 (includinge tfunction of the biological
information holding unit according to the presemtention), a CPU (not illustrated),
various interface circuits, and the like. The C&Xécutes a control program (biological
monitoring program) of the biological monitoringwitee 30 held in the memory 32, to
function as a biological information measurement 88, a dispersion degree calculation
unit 34, a divergence degree calculation unit 36alnormality determination unit 36,
and an SNS control unit 37.

[0035] The biological information measurement @dtreceives the measurement data
of biological information from the vital sensors &Ad 11, via the nurse call handset 20
and the nurse call base unit 40. The biologic&rmation measurement unit 33
calculates an average value of the biological métion for each predetermined cyale
(e.g. 1 second), sets the calculated average aalblogical information in eackt, and
stores time series data of the biological infororatn the memory 32.

[0036] The dispersion degree calculation unit 3ktutates a dispersion (variability,
irregularity) degree of the biological informatiam a measurement period Tw (a period
corresponding to several cyclas), based on the measurement value of the biolbgica
information in eachAt calculated by the biological information measueaiunit 33.
The divergence degree calculation unit 35 calcslatéivergence degree indicating how
much the biological information in the most recant(corresponding to the evaluation

biological information at the predetermined timénpa@according to the present invention)
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calculated by the biological information measuremenit 33 diverges from the
dispersion tendency of the biological informationthe past measurement period Tw
calculated by the dispersion degree calculation3#hi

[0037] The abnormality determination unit 36 detieves whether or not the patient P
has an abnormality, based on the divergence degteelated by the divergence degree
calculation unit 35. In the case of determiningt tiie patient P has an abnormality, the
abnormality determination unit 36 transmits “abnality notification data” indicating
that the patient P has an abnormality, to the naedebase unit 40 and the mobile
terminal 50. The processes by the biological mfation measurement unit 33, the
dispersion degree calculation unit 34, the divergethegree calculation unit 35, and the
abnormality determination unit 36 will be descritedletail later.

[0038] The nurse call base unit 40 includes a tquenel 41. As illustrated in FIG.
3A, the nurse call base unit 40 displays, on thehganel 41, a list 42 of whether or not
there is a call from the nurse call handset 2@ilest at each bed in each hospital room
and each common utility (restroom in FIG. 3A), amdoperation part 43 for operating the
nurse call base unit 40.

[0039] Upon receiving “abnormality notification d&tfrom the biological monitoring
device 30, the nurse call base unit 40 displayspayp display 45 notifying the hospital
room and name of a patient having an abnormalitihertouch panel 41, as illustrated in
FIG. 3B. In FIG. 3B, “risk of falling” is displaykfor the patient (Taro Akashi) in bed 1
in room 301, and “pulse abnormality” is displayed the patient (Kyoko Nakayama) in
bed 3 in room 302.

[0040] When the patient P touches the nurse cald$et 20 to make a call, the
biological monitoring device 30 highlights the naofethe patient who has touched the
nurse call handset 20, without producing the popligplay 45 illustrated in FIG. 3B.
[0041] The mobile terminal 50, upon receiving “abmality notification data” from
the biological monitoring device 30, displays d d@play 57 indicating the status of the
call from the patient, response buttons 52 andahd8,a communication screen 54 on a
touch panel 51, as illustrated in FIG. 4.

[0042] The SNS control unit 37 in the biological mtoring device 30 provides an
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SNS (Social Networking Service)-like informatiorasing service to each nurse carrying
the mobile terminal 50. The SNS control unit 3dves an application for an
information sharing service to each mobile termib@l By each mobile terminal 50
executing this application, information sharing viien the mobile terminals 50 is
enabled.

[0043] The nurses carrying the mobile terminals shre information about each
patient having an abnormality, using the informasbaring service provided by the SNS
control unit 37. In detalil, the SNS control unit Bas abnormal state details 55 and 56
displayed on the communication screen 54 of eachilenéerminal 50, and receives
information about patient treatment and the likguinby a nurse. The SNS control unit
37 distributes the input information to each motegleninal 50.

[0044] The processes by the dispersion degree latitmu unit 34, the divergence
degree calculation unit 35, and the abnormalitgmeination unit 36 are described below,
with reference to flowcharts illustrated in FIGS0%.

[0045] STEP 1to STEP 6 in FIG. 5 are the procgshé dispersion degree calculation
unit 34. The dispersion degree calculation unitpBdpares n array variables MD1 to
MDn each having (m + 1) elements and a counteralbict, in order to hold
measurement data of n pieces (n types) of biolbgit@mation measured (m + 1) times
by the vital sensors 10 and 11.

[0046] The dispersion degree calculation unit 3% $see counter variable ct to 1 in
STEP 1, and repeatedly performs a process of a dd&®TEP 2 to STEP 5 until the
counter variable ct reaches m + 1 in STEP 5.

[0047] In STEP 2, the dispersion degree calculatioih 34 receives measurement data
SDAT1, SDAT?2, ..., SDATn of n pieces (n types) aflbgical information from the vital
sensors 10 and 11. In the next STEP 3, the dispedggree calculation unit 34 writes
the received measurement data SDAT1, SDAT2, ..AT8Drespectively to the array
variables MD1[ct], MD2[ct], ..., MDnl[ct]. In theext STEP 4, the dispersion degree
calculation unit 34 increments the counter variaible The dispersion degree calculation
unit 34 then advances to STEP 5.

[0048] In the case where the counter variable echis 1 in STEP 5, i.e. in the case
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where measurement data SDAT1, SDATZ2, ..., SDATnresponding to m times
measurements are written in the array elementsrh tf the array variables MD1 to
MDn, the dispersion degree calculation unit 34 adea to STEP 6. Regarding the
measurement data written in the array elements rh @f the array variables MD1 to
MDn, the dispersion degree calculation unit 34 dales standard deviatioa& tocn for
the respective types of biological information. r Ewample, regarding the array variable
MD1, the dispersion degree calculation unit 34 Wakes the standard deviatiett for
the array variables MD1[1] to MD1[m], accordingtte following Expressions (1) and
2).

[0049] [Math. 1]

"
al=—% Ml
1 mZ: (i} (1)

[0050] [Math. 2]
s LS Dt -t} e
ol —mIE_[:{.WIJ[r] al) 2)

[0051] The next STEP 7 to STEP 10 in FIG. 6 areptwesses by the divergence
degree calculation unit 35. In STEP 7, the divecgedegree calculation unit 35
receives measurement data SDAT1, SDAT2, ..., SDéfTthe vital sensors 10 and 11,
from the nurse call base unit 40. In the next SBE#e divergence degree calculation
unit 35 writes the received measurement data SDADAT2, ..., SDATn to the
respective array elements m + 1 of the array viasaldD1 to MDn.

[0052] In the next STEP 9 in FIG. 6, the divergemmgree calculation unit 35
calculates a deviation value cl obtained by reptathe most recent measurement data
MD1[m + 1] based on the standard deviatidh of the measurement data MD1[1] to
MD21[m] in the immediately previous measurementqgekiw, according to the following
Expression (3).

[0053] [Math. 3]
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_ MDl[m+1]-al

el

el x104+50 ----+3)

[0054] For the array variables MD2 to MDn, the dgence degree calculation unit 35
similarly calculates deviation values c2 to cn d®)m + 1] to MDn[m + 1].

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

weighted average of the deviation values cl to <rama urgency degree score EmS,
according to the following Expression (4).

[0056] [Math. 4]

EmS = (Kl-cl + k202 4+ megn) roers 4)
L4

[0057] Here, k1, k2, ..., kn are coefficients af theighted average, and are determined
by calculating, from a vector autoregressive m@gé&R model), a VAR(p) model in the
following Expression (5) and performing tuning fr@am impulse reaction function.

[0058] [Math. 5]

[0059] The next STEP 11 is the process by the abaldy determination unit 36. In
the case where the urgency degree score EmS iigtkan or equal to an upper-limit
threshold Emthl or less than or equal to a loweitlihreshold Emth2 set based on the
standard deviationsl to on in the immediately previous measurement period tihe/
abnormality determination unit 36 determines thatpatient P has a sudden abnormality,
and advances to STEP 20. In STEP 20, the abnayndaliermination unit 36 transmits
“abnormality notification data” to the nurse cadide unit 40 and the mobile terminal 50
carried by each nurse, via the network 5 (abnotynabtification process). The upper-
limit threshold Emth1 and the lower-limit thresh&dnth2 are set based on the standard
deviationss1 toon, past measurement results, and the like.

[0060] As aresult, the nurse call base unit 4@pees the pop-up display illustrated in
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FIG. 3B, as mentioned above. In addition, the hedierminal 50 carried by each nurse
displays the abnormality notification screen iltagtd in FIG. 4, as mentioned above.
[0061] In the case where the urgency degree sam® & greater than the lower-limit
threshold Emth2 and less than the upper-limit tholes Emthl in STEP 11, the
abnormality determination unit 36 determines that patient P has no abnormality, and
advances to STEP 12.
[0062] STEP 12 to STEP 15 are the processes hyishersion degree calculation unit
34. The dispersion degree calculation unit 34 $etscounter variable ct to 1 in STEP
12, and shifts the measurement data held in ttay @lements 2 to m + 1 of the array
variables MD1 to MDn to the array elements 1 toyralprocess of a loop of STEP 13 to
STEP 15.
[0063] For example, regarding the array variable 1yiDhe dispersion degree
calculation unit 34 shifts the measurement datal hel MD1[2] to MD1[m + 1]
respectively to MD1[1] to MD1[m]. The same applitesthe array variables MD2 to
MDm.
[0064] In the case where the counter variable ahis 1 in STEP 15, the dispersion
degree calculation unit 34 advances to STEP 6 @. Bl In STEP 6, the dispersion
degree calculation unit 34 calculates the standawhtionsol toon respectively for the
array variables MD1 to MDn with the shifted measueat data. Thus, the standard
deviationscl to on are updated with the values based on the measaotesata in the
immediately previous measurement period Tw.
[0065] Subsequently, each time measurement dataT$08& SDATn of the vital
sensors 10 and 11 are received from the nurseéasdl unit 40 in STEP 7, the divergence
degree calculation unit 35 calculates the urgemgyeak score EmS in STEP 8 to STEP 10,
and the abnormality determination unit 36 detersimereal time whether or not the
patient P has an abnormality in STEP 11. The dsspe degree calculation unit 34 then
updates the standard deviation$ to on based on the measurement data in the
immediately previous measurement period Tw in STER STEP 15 and STEP 6.
[0066] [Other embodiments]

Although the urgency degree score EmS is calallbte taking a weighted
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average of a plurality of types of biological infwation according to Expression (4) in the
foregoing embodiment, the urgency degree score mBmBbe calculated for each type of
biological information to determine whether or tiwe patient P has an abnormality.
[0067] FIG. 7 illustrates an example of performithg processes by the dispersion
degree calculation unit 34, the divergence degaémilation unit 35, and the abnormality
determination unit 36 with regard to pulse. Thedigal axis is set to pulse (Hz), and the
horizontal axis is set to time (t).

[0068] In FIG. 7, PuS denotes a measurement vdiymilse by the vital sensor 11,
PuRthl denotes a relative upper limit, PuRth2 denat relative lower limit, PuAthl
denotes an absolute upper limit, and PuAth2 derastebsolute lower limit.

[0069] The dispersion degree calculation unit 3&res measurement data of the vital
sensor 11 from the nurse call base unit 40 at#l,.t, tm, and tm + 1 for each
predetermined cyclét. At tm at which m pieces of measurement datae hasen
received, the dispersion degree calculation unit&@dulates a standard deviatiop of
the measurement value of the pulse in a measurgoeeiod Tw (corresponding to the
process in STEP 1 to STEP 6 in FIG. 5).

[0070] The divergence degree calculation unit 35 ap + 3p as the relative upper
limit PuRth1, and sets ap sR as the relative lower limit PuRth2, where aprisagerage
value of the measurement value of the pulse imtbasurement period Tw. In this case,
if the measurement value of the pulse at tm isiwitiie range of the relative lower limit
PuRth2 to the relative upper limit PuRthl, the diemce degree of the measurement
value of the pulse at tm with respect to the dsipertendency of the pulse in the
measurement period Tw is determined to be a ndewal (less than the predetermined
level according to the present invention).

[0071] If the measurement value of the pulse aistioutside the range of the relative
lower limit PuRth2 to the relative upper limit PRt the abnormality determination unit
36 determines that the patient P is in an abnostas.

[0072] [Determination for specific cases]

(1) Paroxysmal atrial fibrillation

An abnormal state due to paroxysmal atrial fiatiin can be determined by
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performing the processes by the dispersion degaslation unit 34, the divergence
degree calculation unit 35, and the abnormaliteheination unit 36 for measurement
data of the heart rate of the patient P by thd si@asor 10 to calculate the divergence
degree of the most recent heart rate with respeitiet dispersion degree of the heart rate
in the past measurement period Tw.
[0073] (2) Cheyne-Stokes respiration

An abnormal state due to Cheyne-Stokes respirataon be determined by
performing the processes by the dispersion degaslation unit 34, the divergence
degree calculation unit 35, and the abnormaliteheination unit 36 for measurement
data of the respiration rate of the patient P by tital sensor 10 to calculate the
divergence degree of the most recent respirati@wih respect to the dispersion degree
of the respiration rate in the past measuremeiagauv.
[0074] (3) Orthopnea

An abnormal state due to orthopnea can be detedmas follows: The
processes by the dispersion degree calculation3dnithe divergence degree calculation
unit 35, and the abnormality determination uni® performed for measurement data of
the respiration rate of the patient P by the \s&hsor 10, to calculate the divergence
degree of the most recent respiration rate witlpeesto the dispersion degree of the
respiration rate in the past measurement period Tw.the case where the divergence
degree is greater than or equal to a predeternd@veti and the vital sensor 10 detects a
posture change of the patient P, the patient Btexmhined to be in an abnormal state due
to orthopnea.
[0075] (4) Falling off a bed

An abnormal state of the patient P having a higssipility of falling off the
bed can be determined by performing the procesgdisebdispersion degree calculation
unit 34, the divergence degree calculation unitBis, the abnormality determination unit
36 based on measurement data of the posture gfatient P by the vital sensor 10 to
calculate the divergence degree of the most rquesitire with respect to the dispersion
degree of the posture of the patient P in the pasisurement period Tw.

[0076] [Applications of the present invention]
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Although the foregoing embodiment describes amngt@ where the biological
monitoring device according to the present inventi® part of a nurse call system
installed in a hospital, the biological monitoridgvice according to the present invention
can also be used in the case of monitoring biodgicformation of nursing home
residents, home care patients, etc.

[0077] The present invention is also applicablévimg organisms (e.g. dogs, cats, or
the like) other than humans.
[0078] [Modifications]

Although the biological monitoring device accoglito the present invention
has a server function and receives the measuredatatof the vital sensors via the
network in the foregoing embodiment, the biologicadnitoring device according to the
present invention may receive the measurementafdtee vital sensors directly without
involving the network.

[0079] Although a standard deviation is used agithpersion degree according to the
present invention in the foregoing embodiment, 0ihdexes such as a measurement
value change range (maximum measurement value vomm measurement value) may

be used.

Description of Reference Numerals

[0080] 1 nurse call system
10 (chest-worn) vital sensor
11 (wristband) vital sensor,
20 nurse call handset
30 biological monitoring device
33 biological information measurement unit
34 dispersion degree calculation unit
35 divergence degree calculation unit
36 abnormality determination unit
37 SNS control unit

40 nurse call base unit



217 -

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;

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;

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
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.

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
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
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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.

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
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
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.

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

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
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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.

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
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,
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.

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
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
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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

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.





