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1 (57) Abstract: Provided is an anomaly sensing system for sensing an anomaly of an animal being monitored. This anomaly 
Sensing system has: a first specification unit for specifying a state of an animal being monitored in each time range on 
C the basis of time-series data from a motion sensor mounted on a predetermined site of the animal being monitored; a 

first calculation unit for calculating the probability of transition from a state at a predetermined timing in each time range 
specified by the first specification unit to a next state; and a determination unit which, when a score calculated on the 

C basis of the probability of transition to the next state meets a predetermined condition, determines that an anomaly of the 
animal being monitored has been sensed.
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ABNORMALITY DETECTING SYSTEM 

[Technical Field] 

[0001] 

The present invention relates to an 

5 abnormality detecting system.  

[Background Art] 

[0002] 

Generally speaking, a workflow from 

breeding through marketing of a cow is broadly 

10 divided into multiple steps (for example, grass

feeding, fattening, meat-processing, and so forth).  

Of these, the fattening process is carried out in a 

certain area called a feedlot, and therefore, a cow 

is susceptible to a bovine respiratory disease (BRD) 

15 or a bovine respiratory disease complex (BRDC).  

[0003] 

In this regard, for example, Non-Patent 

Document 1 below proposes a system for automatically 

detecting a cow that has actually developed a BRD 

20 (or BRDC) among cows infected with the BRD (or 

BRDC). The system allows earliest identification of 

the cow that has actually developed the BRD (or 

BRDC).  

[Prior art documents] 

25 [Non-patent documents] 

[0004] 

[Non-Patent Document 1] Cargill, "Cargill brings 

facial recognition capability to farmers through 

strategic equity investment in Cainthus", [online], 

30 January 31, 2018 [retrieved February 28, 2020], 

Internet [URL: 

https://www.cargill.com/2018/cargrill-brings-facial

recognition-capability-to-farmers]
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[Summary of the Invention] 

[Problem to be Solved by the Invention] 

[0005] 

In this regard, detecting an early warning 

5 of (or some abnormality concerning) a BRD (or BRDC) 

prior to an onset of the BRD (or BRDC) in a cow that 

is a monitoring target may reduce various costs 

required due to the onset of the BRD (or BRDC) or an 

increase in severity of the BRD (or BRDC).  

10 [0006] 

In one aspect, an object is to provide an 

abnormality detecting system for detecting an 

abnormality in an animal that is a monitoring 

target.  

15 [Means for Solving the Problem] 

[0007] 

According to an aspect of the present 

disclosure, an abnormality detecting system includes 

a first identification unit configured to 

20 identify a state of an animal that is a monitoring 

target in each time range, based on time-series data 

from a motion sensor placed on a predetermined 

portion of the animal that is a monitoring target; 

a first calculation unit configured to 

25 calculate a transition probability from the state at 

a predetermined timing of each time range identified 

by the first identification unit to a next state; 

and 

a determining unit configured to determine 

30 that an abnormality of the animal that is a 

monitoring target is detected when a score 

calculated based on the transition probability to 

the next state satisfies a predetermined condition.
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[Advantageous Effects of the Invention] 

[0008] 

An abnormality detecting system for 

detecting an abnormality in an animal that is a 

5 monitoring target can be provided.  

[Brief Description of Drawings] 

[0009] 

Fig. 1 is a first diagram illustrating an 

example of a system configuration of an abnormality 

10 detecting system and a functional configuration of a 

server apparatus.  

Fig. 2 is a diagram illustrating an 

example of a hardware configuration of the server 

apparatus.  

15 Fig. 3 is a diagram illustrating a 

specific example of a process of a data obtaining 

unit.  

Fig. 4 is a diagram illustrating details 

of a functional configuration of a reference data 

20 calculation unit.  

Fig. 5 is a diagram illustrating a 

specific example of process of the reference data 

calculation unit.  

Fig. 6 is a first diagram illustrating 

25 details of a functional configuration of an analysis 

unit.  

Fig. 7 is a first diagram illustrating a 

specific example of a process of the analysis unit.  

Fig. 8 is a diagram illustrating a 

30 specific example of a process of an early warning 

detecting unit.  

Fig. 9 is a flowchart illustrating a flow 

of a reference data calculation process.
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Fig. 10 is a first flowchart illustrating 

a flow of an analysis process.  

Fig. 11 is a flowchart illustrating a flow 

of an early warning detecting process.  

5 Fig. 12 is a second diagram depicting an 

example of the system configuration of the 

abnormality detecting system and the functional 

configuration of the server apparatus.  

Fig. 13 is a second diagram illustrating 

10 details of the functional configuration of the 

analysis unit.  

Fig. 14 is a second diagram illustrating a 

specific example of the process of the analysis 

unit.  

15 Fig. 15 is a second flowchart illustrating 

the flow of the analysis process.  

[Mode for Carrying Out the Invention] 

[0010] 

Hereinafter, each embodiment will be 

20 described with reference to the accompanying 

drawings. In the present specification and the 

drawings, for the components having substantially 

the same functional configurations, the duplicate 

descriptions are omitted by providing the same 

25 reference numerals thereto.  

[0011] 

[First embodiment] 

<System configuration of abnormality detecting 

system and server apparatus> 

30 First, the system configuration of the 

abnormality detecting system and the functional 

configuration of the server apparatus will be 

described. Fig. 1 is a first diagram illustrating an
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example of the system configuration of the 

abnormality detecting system and the functional 

configuration of the server apparatus.  

[0012] 

5 The abnormality detecting system 100 is a 

system for detecting an early warning of (or some 

abnormality concerning) a BRD (or BRDC) in any cow 

in a feedlot before the cow develops the BRD (or 

BRDC) during a fattening process.  

10 [0013] 

As depicted in Fig. 1, the abnormality 

detecting system 100 includes a measuring device 

110, a gateway device 120, and the server apparatus 

130. In the abnormality detecting system 100, the 

15 measuring device 110 and the gateway device 120 are 

interconnected via wireless communication, and the 

gateway device 120 and the server apparatus 130 are 

interconnected via a network (not depicted).  

[0014] 

20 The measuring device 110 is a motion 

sensor (in the present embodiment, an acceleration 

sensor) of three dimensions (an X-axis direction, a 

Y-axis direction, and a Z-axis direction) attached 

to a predetermined portion of a cow 10 (in the 

25 example of Fig. 1, the neck of the cow 10). The X

axis direction is, for example, a direction along a 

body surface of the neck of the cow 10, which is a 

direction along a circumference of the neck, and the 

Y-axis direction is, for example, a direction along 

30 the body surface of the neck of the cow 10, which is 

a direction to the body relative to the head. The Z

axis direction is, for example, a direction
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perpendicular to the body surface of the neck of the 

cow 10.  

[0015] 

The measuring device 110 measures time

5 series three-dimensional acceleration data at a 

predetermined sampling frequency and transmits the 

data to the gateway device 120.  

[0016] 

The gateway device 120 transmits the time

10 series three-dimensional acceleration data 

transmitted from the measuring device 110 to the 

server apparatus 130.  

[0017] 

The server apparatus 130 detects an early 

15 warning of (or some abnormality concerning) a BRD 

(or BRDC) in any cow in a feedlot before the cow 

develops the BRD (or BRDC). An abnormality detecting 

program is installed in the server apparatus 130, 

and when the program is executed, the server 

20 apparatus 130 functions as a data obtaining unit 

131, a reference data calculation unit 132, an 

analysis unit 133, and an early warning detecting 

unit 134.  

[0018] 

25 The data obtaining unit 131 stores time

series data of healthy cow among the time-series 

data representing the three-dimensional acceleration 

transmitted from the gateway device 120 in the 

acceleration data storing unit 135.  

30 [0019] 

The reference data calculation unit 132 

reads out the time-series data representing the 

three-dimensional acceleration of healthy cow stored
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in the acceleration data storing unit 135 and 

calculates state transition probability data of 

healthy cow (will be described in detail below).  

The reference data calculation unit 132 stores the 

5 state transition probability data of healthy cow in 

the reference data storing unit 136 as reference 

data.  

[0020] 

The analysis unit 133 calculates state 

10 transition probability data of the cow that is a 

monitoring target based on time-series data of the 

cow that is a monitoring target among the time

series data representing the three-dimensional 

acceleration acquired by the data obtaining unit 

15 131. The analysis unit 133 calculates a score 

indicating how far the state transition probability 

data of the cow that is a monitoring target deviated 

from the state transition probability data of 

healthy cow (that is, an abnormality of the state 

20 transition).  

[0021] 

The early warning detecting unit 134 

(determining unit) acquires the score calculated by 

the analysis unit 133 as data indicating the 

25 abnormality of the cow that is a monitoring target 

and determines whether an early warning (or some 

abnormality) is detected before development of BRD 

(or BRDC) in the cow that is a monitoring target.  

When it is determined that an early warning (or some 

30 abnormality) has been detected, the early warning 

detecting unit 134 notifies a user.  

[0022] 

In addition, for example, when data
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indicating abnormality of the cow that is a 

monitoring target exceeds a predetermined threshold 

value for a plurality of consecutive days (for 

example, two days), the early warning detecting unit 

5 134 determines that an early warning (or some 

abnormality) has been detected.  

[0023] 

<Hardware configuration of server apparatus> 

Next, a hardware configuration of the 

10 server apparatus 130 will be described. Fig. 2 is a 

diagram illustrating an example of a hardware 

configuration of the server apparatus. As depicted 

in Fig. 2, the server apparatus 130 includes a 

processor 201, a memory 202, an auxiliary storage 

15 device 203, an interface (I/F) device 204, a 

communication device 205, and a drive device 206.  

These hardware elements of the server apparatus 130 

are interconnected via a bus 207.  

[0024] 

20 The processor 201 includes various 

arithmetic and logic operation units such as a 

central processing unit (CPU), a graphics processing 

unit (GPU), and so forth. The processor 201 reads 

various programs (for example, an abnormality 

25 detecting program, and so forth), writes the 

programs into the memory 202, and executes the 

programs.  

[0025] 

The memory 202 includes main storage 

30 devices such as a read-only memory (ROM), a random 

access memory (RAM), and the like. The processor 201 

and the memory 202 form what is known as a computer, 

and when the processor 201 executes the various
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programs read and written onto the memory 202, the 

computer implements the above-described functions.  

[0026] 

The auxiliary storage device 203 stores 

5 the various programs and various data used when the 

various programs are executed by the processor 201.  

For example, the acceleration data storing unit 135 

and the reference data storing unit 136 are 

implemented in the auxiliary storage device 203.  

10 [0027] 

The I/F device 204 is a connection device 

that connects a manually-operating device 210, a 

display device 211, and the server apparatus 130, 

which are examples of an external apparatus/device.  

15 The I/F device 204 receives a manual operation 

performed on the server apparatus 130 through the 

manually-operating device 210. The I/F device 204 

outputs the result of a process performed by the 

server apparatus 130 and displays the result through 

20 the display device 211.  

[0028] 

The communication device 205 is a 

communication device for communicating with other 

apparatuses/devices. In the server apparatus 130, 

25 the communication device 205 is used to communicate 

with the gateway device 120 that is another device.  

[0029] 

The drive device 206 is a device for 

setting a recording medium 212. The recording medium 

30 212 is a medium for optically, electrically, or 

magnetically recording information, such as a CD

ROM, a flexible disk, a magneto-optical disk, or the 

like. The recording medium 212 may be a
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semiconductor memory or the like that electrically 

records information, such as a ROM, a flash memory, 

or the like.  

[0030] 

5 The various programs installed in the 

auxiliary storage device 203 are installed, for 

example, as a result of a distributed recording 

medium 212 being set in the drive device 206 and the 

various programs recorded in the recording medium 

10 212 being read out by the drive device 206.  

Alternatively, the various programs installed in the 

auxiliary storage device 203 may have been installed 

by downloading the various programs from a network 

via the communication device 205.  

15 [0031] 

<Example of process by data obtaining unit> 

Next, a specific example of the process of 

the data obtaining unit 131 among the process of the 

units executed by the server apparatus 130 will be 

20 described. Fig. 3 is a diagram illustrating a 

specific example of process of the data obtaining 

unit. As shown in Fig. 3, the data obtaining unit 

131 acquires a set of time-series data (time-series 

X-axis-directional acceleration data, time-series Y

25 axis-directional acceleration data, and time-series 

Z-axis-directional acceleration data) for various 

cows transmitted from the gateway device 120.  

[0032] 

The data obtaining unit 131 stores a set 

30 of time-series data for healthy cow in the 

acceleration data storing unit 135.  

[0033] 

<Details of Functional Configuration of Reference
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data Calculation Unit> 

Next, a functional configuration of the 

reference data calculation unit 132 among the 

functional configurations of the units 

5 implemented by the server apparatus 130 will be 

described in detail. Fig. 4 is a diagram 

illustrating a detailed functional configuration of 

the reference data calculation unit. As shown in 

Fig. 4, the reference data calculation unit 132 

10 includes a standardization processing unit 401 (the 

second standardization processing unit), a labeling 

unit 402 (the second labeling unit), a state 

identification unit 403 (the second identification 

unit), and a state transition probability 

15 calculation unit 404 (the second calculation unit).  

[0034] 

The standardization processing unit 401 

reads out the set of time-series data for healthy 

cow from the acceleration data storing unit 135, 

20 performs the standardization process for the time

series data in each axis, and notifies the labeling 

unit 402 of the standardized data.  

[0035] 

The standardization process refers to a 

25 process of dividing the time-series data of each 

axis by a predetermined time range (for example, 1 

[SEC]) and calculating a variation of the time

series data of each axis in each time range. That 

is, the standardized data is composed of calculation 

30 results of the variation of the time-series data of 

each axis in each time range.  

[0036] 

The labeling unit 402 performs a labeling
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process on the standardized data. In the labeling 

unit 402, the labeling process is performed, i.e., 

when the calculation result of the 

variation of the time-series data of each axis in 

5 each time range included in the standardized data is 

-4o or less, "1" is assigned to the standardized 

data; 

when the variation is greater than -4a and 

less than or equal to -3o, "2" is assigned; 

10 when the variation is greater than -3o and 

less than or equal to -2o, "3" is assigned; 

when the variation is greater than -2o and 

less than or equal to -1o, "4" is assigned; 

when the variation is greater than -lo and 

15 less than +1G, "5" is assigned; 

when the variation is greater than or 

equal to +1o and less than +2o, "6" is assigned; 

when the variation is greater than or 

equal to +2o and less than +3o, "7" is assigned; 

20 when the variation is greater than or 

equal to +3o and less than +4o, "8" is assigned; and 

when the variation is greater than or 

equal to +4o, "9" is assigned (see reference numeral 

411).  

25 [0037] 

The state identification unit 403 

identifies a state of healthy cow in each time range 

based on the labeling data generated by performing 

the labeling process on the time-series data of each 

30 axis in each time range. For example, in each time 

range, when the result of the labeling process for 

the time-series data in the X-axis direction (Lx), 

the result of the labeling process for the time-
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series data in the Y-axis direction (Ly), and the 

result of the labeling process for the time-series 

data in the Z-axis direction (Lz), 

are (Lx=1, Ly=1, Lz=1) respectively, the 

5 state of the cow is identified as state I; 

are (Lx=1, Ly=l, Lz=2) respectively, the 

state of the cow is identified as state II; 

are (Lx=9, Ly=9, Lz=9) respectively, the 

10 state of the cow is identified as state DCCXXIX (see 

reference numeral 412).  

[0038] 

The state transition probability 

calculation unit 404 calculates a transition 

15 probability indicating to which state a state of 

healthy cow at a predetermined timing of each time 

range is changed in the next time range. For 

example, when the state of the cow 10 in the current 

time range is "state I", the state of the cow 10, in 

20 the next time range, transitions to one of 729 

states of "state I" to "state DCCXXIX". The state 

transition probability calculation unit 404 counts 

states transitioned from "state I" in the next time 

range for each state of the transition destination 

25 for a certain period of time. The state transition 

probability calculation unit 404 divides a number of 

transitions to each state by the total number of 

transitions to any state. Accordingly, the state 

transition probability calculation unit 404 

30 calculates the transition probability from the 

current state to the next state, for example, for 

the cow 10.
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[0039] 

The state transition probability 

calculation unit 404 stores the state transition 

probability data generated by calculating the 

5 transition probabilities for, for example, all 

states of the cow 10 as the transition source in the 

reference data storing unit 136 as reference data.  

[0040] 

As is obvious from the above description, 

10 it can be said that the state transition probability 

data generated by the state transition probability 

calculation unit 404 is data indicating a tendency 

of movement of healthy cow.  

[0041] 

15 <Specific Example of Process by Reference Data 

Calculation Unit> 

Next, a specific example of the process of 

the reference data calculation unit 132 among the 

process of the units executed by the server 

20 apparatus 130 will be described. Fig. 5 is a 

diagram illustrating a specific example of process 

of the reference data calculation unit.  

[0042] 

As shown in Fig. 5, when a set of time

25 series data 510 for healthy cow is acquired, the 

standardization processing unit 401 performs the 

standardization process to generate the standardized 

data 520. The example of Fig. 5 shows that spacing 

between dashed lines of the set of time-series data 

30 510 is a time range of 1 [SEC]. The value included 

in the standardized data 520 indicates the variation 

of the time-series data calculated for each of the 

X-axis, Y-axis, and Z-axis for every 1 [SEC].



-15

[0043] 

As shown in Fig. 5, the labeling process 

is performed for the standardized data 520 by the 

labeling unit 402, and the labeling data 530 is 

5 generated. The state identification unit 403 

identifies the state in each time range of healthy 

cow based on the result of the labeling process of 

each axis in each time range constituting the 

labeling data 530 (states I, V, and IV).  

10 [0044] 

In the example shown in Fig. 5, the 

labeling process is performed using 9 kinds of 

labels from 1 to 9, so that the combination of the 

results of the labeling process for the X-axis, Y

15 axis, and Z-axis is 729 (=9x9x9). That is, any 

state from state I to state DCCXXIX is identified as 

a state in each time range.  

[0045] 

Also, as shown in Fig. 5, the state 

20 transition probability calculation unit 404 

calculates the transition probability from a state 

at the predetermined timing of each time range to 

the next state for healthy cow based on the data 

(data for a certain period of time) indicating a 

25 state in each time range of healthy cow. Thus, the 

state transition probability calculation unit 404 

generates state transition probability data 540 of 

healthy cow. The state transition probability data 

540 of Fig. 5 is generated by arranging the current 

30 state (729 states) of healthy cow vertically, and 

the next state (729 states) of healthy cow 

horizontally, and storing the transition 

probabilities to the next state in each column.
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[0046] 

For example, in column 541, for the data 

for a certain period of time indicating states in 

each time range of healthy cow, the transition 

5 probability from "state I" to "state I" calculated 

by: 

counting a number of transitions 

(individual number of transitions) in which the 

current state in the time range is "state I" and the 

10 state in the next time range remains "state I"; 

counting the total number of transitions, 

in which the current state in the time range is 

"state I", and the state in the next time range is 

transitioned to any state from "state I" to "state 

15 DCCXXIX"; and 

dividing individual transition 

probabilities by the total number of transitions, 

is stored.  

[0047] 

20 Similarly, in column 542, for the data for 

a certain period of time indicating states in each 

time range of healthy cow, the transition 

probability from "state I" to "state II" calculated 

by: 

25 counting a number of transitions 

(individual number of transitions) in which the 

current state in the time range is "state I" and the 

state in the next time range is transitioned to 

"state II"; 

30 counting the total number of transitions, 

in which the current state in the time range is 

"state I", and the state in the next time range is 

transitioned to any state from "state I" to "state
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DCCXXIX"; and 

dividing individual transition 

probabilities by the total number of transitions, 

is stored.  

5 [0048] 

Hereinafter, the same process is performed 

for the transition destination states of from "state 

III" to "state DCCXXIX", and for the transition 

source states of from "state II" to "state DCCXXIX", 

10 so that the state transition probability data 540 of 

healthy cow is generated. Incidentally, as shown in 

Fig. 5, the sum of the transition probabilities with 

the same transition source and different transition 

destinations is "1" (see item of information 

15 included in the state transition probability data 

540 = "Total").  

[0049] 

The state transition probability data 540 

generated for healthy cow is stored in the reference 

20 data storing unit 136 as reference data.  

[0050] 

<Details of Functional Configuration of Analysis 

Unit> 

Next, the functional configuration of the 

25 analysis unit 133 among the functional 

configurations of units implemented by the server 

apparatus 130 will be described in detail. Fig. 6 

is a diagram illustrating a detailed functional 

configuration of the analysis unit. As shown in 

30 Fig. 6, the analysis unit 133 includes a 

standardization processing unit 601 (first 

standardization processing unit) and a labeling unit 

602 (first labeling unit). The analysis unit 133
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includes a state identification unit 603 (first 

identification unit), a state transition probability 

calculation unit 604 (first calculation unit), and a 

score calculation unit 605 (first score calculation 

5 unit).  

[0051] 

Functions of the respective units of the 

standardization processing unit 601 to the state 

transition probability calculation unit 604 are the 

10 same as those of the respective units of the 

standardization processing unit 401 to the state 

transition probability calculation unit 404 of the 

reference data calculation unit 132 described with 

reference to Fig. 4. Accordingly, the score 

15 calculation unit 605 will be described here.  

[0052] 

The score calculation unit 605 acquires 

the state transition probability data of the cow 

that is a monitoring target generated by the state 

20 transition probability calculation unit 604. The 

score calculation unit 605 reads out the state 

transition probability data of healthy cow from the 

reference data storing unit 136. The score 

calculation unit 605 calculates, based on the state 

25 transition probability data of the cow that is a 

monitoring target and the state transition 

probability data of healthy cow, a score using the 

following equation (1), 

(Equation 1) 

30 

score = -log(POX).  

In equation (1) above, P represents the
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state transition probability data of healthy cow, 

and X represents the state transition probability 

data of the cow that is a monitoring target.  

Furthermore, o indicates an Amadal product. Based 

5 on the above equation (1), the score calculation 

unit 605 calculates for each transition probability 

a score indicating how far the state transition 

probability data of the cow that is a monitoring 

target deviates from the state transition 

10 probability data of healthy cow (that is, an 

abnormality of the state transition).  

[0053] 

In addition, the score calculation unit 

605 extracts the maximum score from among all of the 

15 scores calculated for each of the transition 

probabilities, and outputs it as data indicating the 

abnormality of the cow that is a monitoring target 

at the relevant date.  

[0054] 

20 As is obvious from the above description, 

the state probability data generated by the state 

transition probability calculation unit 604 can be 

said to be data indicating a tendency of movement of 

the cow that is a monitoring target. In this 

25 embodiment, under the assumption that a change 

occurs in the tendency of movement of the cow that 

is a monitoring target before the development of BRD 

(or BRDC), the above score is calculated to detect 

the change, in contrast to the tendency of movement 

30 of healthy cow.  

[0055] 

<Specific Example of Process in Analysis Unit> 

Next, a specific example of the process of
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the analysis unit 133 among the process of the units 

executed by the server apparatus 130 will be 

described. Fig. 7 is a diagram illustrating a 

specific example of process of the analysis unit.  

5 [0056] 

As shown in Fig. 7, 

a set of time-series data 710, 

standardized data 720, and 

labeling data 730, 

10 which are acquired or generated for the cow that is 

a monitoring target by the standardization 

processing unit 601, the labeling unit 602, the 

state identification unit 603, and the state 

transition probability calculation unit 604, are the 

15 same as 

the set of time-series data 510, 

the standardized data 520, and 

the labeling data 530, 

which are acquired or generated for healthy cow by 

20 the standardization processing unit 401, the 

labeling unit 402, the state identification unit 

403, and the state transition probability 

calculation unit 404. Thus, the detailed 

description will be omitted here.  

25 [0057] 

As shown in Fig. 7, the state transition 

probability calculation unit 604 generates the one

day state transition probability data 740' of the 

cow that is a monitoring target by accumulating data 

30 of one day for initial state transition probability 

data 740 of the cow that is a monitoring target.  

The initial state transition probability data 740 

refers to state transition probability data in which
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the transition probability of each state is "0". In 

the example of Fig. 7, only five current states and 

five subsequent states are shown as the state 

transition probability data 740 and 740' due to the 

5 limited space in the figure.  

[0058] 

The score calculation unit 605 reads out 

the state transition probability data 540 for 

healthy cow and uses the above equation (1) to 

10 calculate the score for each transition probability, 

as shown in Fig. 7, by generating the one-day state 

transition probability data 740' of the cow that is 

a monitoring target. Thus, score data 750 is 

generated.  

15 [0059] 

As shown in Fig. 7, the score calculation 

unit 605 extracts the maximum score from among the 

scores for each of the transition probabilities 

included in the score data 750, and outputs the 

20 extracted maximum score as data indicating the 

abnormality of the cow that is a monitoring target 

at the relevant date. In Fig. 7, a graph 760 is a 

graphical representation of the data representing 

the abnormality at each date of the cow that is a 

25 monitoring target, with the horizontal axis 

representing the date and the vertical axis 

representing the abnormality. The graph 760 shows 

that the data indicating the current abnormality is 

"410".  

30 [0060] 

<Specific Example of Process of Early warning 

detecting unit> 

Next, a specific example of the process of
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the early warning detecting unit 134 among the 

process of the units executed by the server 

apparatus 130 will be described. Fig. 8 is a 

diagram illustrating a specific example of process 

5 of the early warning detecting unit. In Fig. 8, a 

graph 800, in the same manner as the graph 760, has 

a horizontal axis indicating date and a vertical 

axis indicating abnormality. The graph 800 also 

shows that the data representing the abnormality is 

10 greater than or equal to the threshold value at the 

date represented by the reference numeral 801, the 

reference numeral 802, and the reference numeral 

803.  

[0061] 

15 In addition, the graph 800 shows that, in 

the case of the date indicated by the reference 

numeral 801, since the data indicating the 

abnormality is greater than or equal to the 

threshold only in one day and is not consecutive, 

20 the early warning detecting unit 134 does not 

determine that an early warning (or some 

abnormality) has been detected.  

[0062] 

On the other hand, the graph 800 shows 

25 that, in the case of the date indicated by the 

reference numeral 803, since the data indicating the 

abnormality is greater than or equal to the 

threshold value for consecutive two days, the early 

warning detecting unit 134 determines that an early 

30 warning (or some abnormality) has been detected.  

[0063] 

<Flow of Reference data Calculation Process> 

Next, a flow of the reference data
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calculation process performed by the server 

apparatus 130 will be described. Fig. 9 is a 

flowchart illustrating the flow of the reference 

data calculation process.  

5 [0064] 

In step S901, the data obtaining unit 131 

acquires time-series data indicating the three

dimensional acceleration of healthy cow.  

[0065] 

10 In step S902, the standardization 

processing unit 401 of the reference data 

calculation unit 132 performs the standardization 

process for the time-series data representing the 

three-dimensional acceleration of healthy cow and 

15 generates the standardized data.  

[0066] 

In step S903, the labeling unit 402 of the 

reference data calculation unit 132 performs the 

labeling process for the standardized data, and 

20 generates labeling data.  

[0067] 

In step S904, the state identification 

unit 403 of the reference data calculation unit 132 

identifies the state of each time range of healthy 

25 cow based on the labeling data.  

[0068] 

In step S905, the state transition 

probability calculation unit 404 of the reference 

data calculation unit 132 generates state transition 

30 probability data of healthy cow based on data 

indicating the state of each time range of healthy 

COw.  

[0069]
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In step S906, the state transition 

probability calculation unit 404 of the reference 

data calculation unit 132 stores the generated state 

transition probability data of healthy cow in the 

5 reference data storing unit 136 as the reference 

data.  

[0070] 

In step S907, the state transition 

probability calculation unit 404 of the reference 

10 data calculation unit 132 determines whether the 

state transition probability data for a certain 

period of time of healthy cow has been generated.  

When it is determined in step S907 that the data is 

not generated (in the case of NO in step S907), the 

15 process returns to step S901.  

[0071] 

On the other hand, when it is determined 

in step S907 that the data is generated (in the case 

of YES in step S907), the reference data calculation 

20 process ends.  

[0072] 

<Flow of Analysis Process> 

Next, the flow of the analysis process by 

the server apparatus 130 will be described. Fig. 10 

25 is a first flowchart showing the flow of the 

analysis process and shows the one-day analysis 

process.  

[0073] 

In step S1001, the data obtaining unit 131 

30 acquires time-series data representing the three

dimensional acceleration of the cow that is a 

monitoring target.  

[0074]
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In step S1002, the standardization 

processing unit 601 of the analysis unit 133 

performs the standardization process for the time

series data representing the three-dimensional 

5 acceleration of the cow that is a monitoring target, 

and generates the standardized data.  

[0075] 

In step S1003, the labeling unit 602 of 

the analysis unit 133 performs the labeling process 

10 for the standardized data and generates the labeling 

data.  

[0076] 

In step S1004, the state identification 

unit 603 of the analysis unit 133 identify the state 

15 of each time range of healthy cow based on the 

labeling data.  

[0077] 

In step S1005, the state transition 

probability calculation unit 604 of the analysis 

20 unit 133 generates the state transition probability 

data of the cow that is a monitoring target based on 

data indicating the state of the cow that is a 

monitoring target in each time range.  

[0078] 

25 In step S1006, the state transition 

probability calculation unit 604 of the analysis 

unit 133 determines whether one-day state transition 

probability data of the cow that is a monitoring 

target has been generated. When it is determined in 

30 step S1006 that the one-day state transition 

probability data has not been generated (in the case 

of NO in step S1006), the process returns to step 

S1001.
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[0079] 

On the other hand, when it is determined 

in step S1006 that the one-day state transition 

probability data has been generated (in the case of 

5 YES in step S1006), the process proceeds to step 

S1007.  

[0080] 

In step S1007, the score calculation unit 

605 of the analysis unit 133 acquires the one-day 

10 state transition probability data of the cow that is 

a monitoring target, and reads out the state 

transition probability data of healthy cow as 

reference data from the reference data storing unit 

136.  

15 [0081] 

In Step S1008, the score calculation unit 

605 of the analysis unit 133 calculates a score for 

each transition probability based on the one-day 

state transition probability data of the cow that is 

20 a monitoring target and the state transition 

probability data of healthy cow read as reference 

data. Further, the score calculation unit 605 of 

the analysis unit 133 extracts the maximum score 

from among the scores calculated for each of the 

25 transition probabilities, and outputs it as data 

indicating the abnormality of the cow that is a 

monitoring target at the relevant date.  

[0082] 

<Flow of Early warning detecting process> 

30 Next, the flow of the early warning 

detecting process by the server apparatus 130 will 

be described. Fig. 11 is a flowchart illustrating 

the flow of the early warning detecting process.
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[0083] 

In step S1101, the early warning detecting 

unit 134 acquires data representing the abnormality 

of the cow that is a monitoring target, which is 

5 output every day from the score calculation unit 605 

of the analysis unit 133.  

[0084] 

In step S1102, the early warning detecting 

unit 134 determines whether the acquired data 

10 representing abnormality is greater than or equal to 

a predetermined threshold value. If it is 

determined in step S1102 that the acquired data 

representing abnormality is greater than or equal to 

the predetermined threshold value (in the case of 

15 YES in step S1102), the process proceeds to step 

S1103.  

[0085] 

In step S1103, the early warning detecting 

unit 134 increments a counter i which counts the 

20 number of consecutive days. It is assumed that "0" 

is input as the initial value in counter i.  

[0086] 

In step S1104, the early warning detecting 

unit 134 determines whether the counter i is greater 

25 than or equal to a predetermined number (for 

example, two days or more). When it is determined 

in step S1104 that the counter i is greater than or 

equal to the predetermined number (in the case of 

YES in step S1104), the process proceeds to step 

30 S1105.  

[0087] 

In step S1105, the early warning detecting 

unit 134 determines that an early warning (or some
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abnormality) has been detected, and notifies the 

user thereof.  

[0088] 

On the other hand, when it is determined 

5 in step S1104 that the counter i is less than the 

predetermined number (in the case of NO in step 

S1104), the process proceeds to step S1007.  

[0089] 

When it is determined in step S1102 that 

10 the acquired data is less than the threshold value 

(in the case of NO in step S1102), the process 

proceeds to step S1106, "0" is input into the 

counter i, and the process proceeds to step S1107.  

[0090] 

15 In step S1107, it is determined that the 

early warning detecting unit 134 does not detect an 

early warning (or some abnormality).  

[0091] 

In step S1108, the early warning detecting 

20 unit 134 determines whether the early warning 

detecting process ends, and returns to step S1101 

when it is determined that the early warning 

detecting process is to be continued (in the case of 

NO in step S1108). On the other hand, in Step 

25 S1108, when it is determined that the early warning 

detecting process is to be ended (in the case of YES 

in Step S1108), the early warning detecting process 

ends.  

[0092] 

30 [Summary] 

As is obvious from the above description, 

the abnormality detecting system according to the 

first embodiment performs the following process.
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States of healthy cow in each time range 

are identified on the basis of time-series data 

representing a three-dimensional acceleration as 

measured by an acceleration sensor placed on a neck 

5 of healthy cow. State transition probability data 

is generated by calculating a transition probability 

from a state at a predetermined timing of each 

identified time range to a next state.  

States of cow that is a monitoring target 

10 in each time range are identified based on time

series data representing a three-dimensional 

acceleration as measured by an acceleration sensor 

placed on a neck of the cow that is a monitoring 

target. State transition probability data is 

15 generated by calculating the transition probability 

from a state at a predetermined timing of the 

identified time range to the next state.  

Based on the state transition probability 

data generated for healthy cow and the state 

20 transition probability data calculated for the cow 

that is a monitoring target, a score representing an 

abnormality of a state transition is calculated for 

each transition probability.  

The maximum score is extracted from the 

25 score calculated for each transition probability, 

and is output as data representing the abnormality.  

It is determined that the abnormality in 

the cow that is a monitoring target is detected, 

when the data representing the abnormality satisfies 

30 a prescribed condition.  

[0093] 

Thus, in the abnormality detecting system 

according to the first embodiment, a score is



-30

calculated based on the state transition probability 

data of the cow that is a monitoring target and 

healthy cow to detect a change in a tendency of 

movement occurring prior to development of BRD (or 

5 BRDC) in contrast to the tendency of movement of 

healthy cow. Therefore, by the abnormality 

detecting system according to the first embodiment, 

it is possible to detect an early warning (or some 

abnormality) before the cow that is a monitoring 

10 target develops BRD (or BRDC).  

[0094] 

That is, according to the first 

embodiment, an abnormality detecting system for 

detecting an abnormality of cow that is a monitoring 

15 target can be provided.  

[0095] 

[Second Embodiment] 

In the first embodiment described above, 

the score was calculated based on the state 

20 transition probability data of the cow that is a 

monitoring target and the state transition 

probability data of healthy cow.  

[0096] 

However, the method for calculating the 

25 score is not limited, and, for example, the score 

may be calculated based on the state transition 

probability data of the cow that is a monitoring 

target. In other words, rather than detecting a 

change in the tendency of movement based on the 

30 contrast to the state transition probability data of 

healthy cow, a change in the tendency of movement 

may be detected based on the state transition 

probability data of only the cow that is a



-31

monitoring target. Hereinafter, the second 

embodiment will be described focusing on the 

differences from the first embodiment described 

above.  

5 [0097] 

<System Configuration of Abnormality Detecting 

System and Functional Configuration of Server 

apparatus> 

First, a system configuration of the 

10 abnormality detecting system and a functional 

configuration of the server apparatus will be 

described. Fig. 12 is a second diagram illustrating 

an example of the system configuration of the 

abnormality detecting system and the functional 

15 configuration of the server apparatus.  

[0098] 

As shown in Fig. 12, since the system 

configuration of the abnormality detecting system is 

the same as the system configuration of the 

20 abnormality detecting system illustrated in Fig. 1, 

a description of the system configuration will be 

omitted, and the functional configuration of the 

server apparatus 1210 will be described here.  

[0099] 

25 As illustrated in Fig. 12, the server 

apparatus 1210 functions as a data obtaining unit 

131, an analysis unit 1211, and an early warning 

detecting unit 134 when an abnormality detecting 

program is executed. Among these units, the data 

30 obtaining unit 131 and the early warning detecting 

unit 134 are the same as the data obtaining unit 131 

and the early warning detecting unit 134 illustrated 

in Fig. 1, and therefore the description thereof
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will be omitted here.  

[0100] 

The analysis unit 1211 generates state 

transition probability data of the cow that is a 

5 monitoring target based on the time-series data of 

the cow that is a monitoring target among the time

series data representing the three-dimensional 

acceleration acquired by the data obtaining unit 

131. The analysis unit 1211 calculates the score 

10 indicating 

a degree of increase in each transition 

probability of the cow that is a monitoring target, 

or 

a degree of decrease in each transition 

15 probability of the cow that is a monitoring target, 

based on the state transition probability data of 

the cow that is a monitoring target (i.e., the 

abnormality in the state transition).  

[0101] 

20 <Details of Functional Configuration of Analysis 

unit> 

Next, the functional configuration of the 

analysis unit 1211 will be described in detail.  

Fig. 13 is a diagram illustrating a detailed 

25 functional configuration of the analysis unit. As 

shown in Fig. 13, the analysis unit 1211 includes a 

standardization processing unit 601, a labeling unit 

602, a state identification unit 603, a state 

transition probability calculation unit 604, and a 

30 score calculation unit 1301 (a second score 

calculation unit).  

[0102] 

The functions of the respective units of
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from the standardization processing unit 601 to the 

state transition probability calculation unit 604 

are the same as the functions of the units of from 

the standardization processing unit 401 to the state 

5 transition probability calculation unit 404 of the 

reference data calculation unit 132 described with 

reference to Fig. 4. Accordingly, the score 

calculation unit 1301 will be described here.  

[0103] 

10 The score calculation unit 1301 acquires 

the state transition probability data of the cow 

that is a monitoring target generated by the state 

transition probability calculation unit 604. The 

score calculation unit 605 calculates the score 

15 using the following equation (2) based on the state 

transition probability data of the cow that is a 

monitoring target, 

(Equation 2) 

20 score = -log(X).  

In equation (2) above, X represents the 

state transition probability data of the cow that is 

a monitoring target.  

25 [0104] 

The score calculation unit 1301 calculates 

a score indicating the degree of increase or 

decrease in each transition probability included in 

the state transition probability data of the cow 

30 that is a monitoring target for each transition 

probability.  

[0105] 

Furthermore, the score calculation unit
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1301 extracts the maximum score from among the 

scores calculated for each of the transition 

probabilities, and outputs the maximum score as data 

indicating the abnormality of the cow that is a 

5 monitoring target at the relevant date.  

[0106] 

<Example of process in the analysis unit> 

Next, a specific example of the process of 

the analysis unit 1211 among the process of the 

10 units executed by the server apparatus 1210 will be 

described. Fig. 14 is a diagram illustrating a 

specific example of the process of the analysis 

unit.  

[0107] 

15 As shown in Fig. 14, 

a set of time-series data 710, 

standardized data 720, 

labeling data 730, 

initial state transition probability data 

20 740, and 

one-day state transition probability data 

740', 

which are acquired or generated for the cow that is 

a monitoring target by the standardization 

25 processing unit 601, the labeling unit 602, the 

state identification unit 603, and the state 

transition probability calculation unit 604, are the 

same as 

the set of time-series data 510, 

30 the standardized data 520, 

the labeling data 530, 

which are acquired or generated for healthy cow by 

the standardization processing unit 401, the
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labeling unit 402, the state identification unit 

403, and the state transition probability 

calculation unit 404 obtain or generate for healthy 

cow, or 

5 the initial state transition probability 

data 740, and 

the one-day state transition probability 

data 740', 

which are acquired or generated for the cow that is 

10 a monitoring target by the state transition 

probability calculation unit 604. Thus, the 

detailed description will be omitted here.  

[0108] 

Also in Fig. 14, only five current states 

15 and five subsequent states are shown as the state 

transition probability data 740 and 740' due to the 

limited space in the figure.  

[0109] 

By generating the one-day state transition 

20 probability data 740' of the cow that is a 

monitoring target, the score calculation unit 1301 

calculates the score for each transition probability 

using the above equation (2) as shown in Fig. 14.  

Thus, the score data 1410 is generated.  

25 [0110] 

As shown in Fig. 14, the score calculation 

unit 1301 extracts the maximum score from among the 

scores for each of the transition probabilities 

included in the score data 1410 and outputs the 

30 extracted maximum score as data indicating the 

abnormality of the cow that is a monitoring target 

at the relevant date. In Fig. 14, a graph 1420 is a 

graphical representation of the data representing
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the abnormality at each date of the cow that is a 

monitoring target, with the horizontal axis 

representing the date and the vertical axis 

representing the abnormality. The graph 1420 shows 

5 that the data indicating the current abnormality is 

"390".  

[0111] 

<Flow of Analysis Process> 

Next, the flow of the analysis process by 

10 the server apparatus 1210 will be described. Fig.  

15 is a second flowchart showing the flow of the 

analysis process.  

[0112] 

Among the process shown in Fig. 15, in 

15 each process of step S1001 to step S1006, 

the same process as in each process of step S1001 to 

step S1006 illustrated in Fig. 10 is performed.  

Therefore, the description thereof will be omitted 

here.  

20 [0113] 

In step S1501, the score calculation unit 

1301 of the analysis unit 1211 calculates the score 

for each transition probability based on the one-day 

state transition probability data of the cow that is 

25 a monitoring target. The score calculation unit 

1301 of the analysis unit 1211 extracts the maximum 

score from among the scores calculated for each of 

the transition probabilities, and outputs it as data 

representing the abnormality of the cow that is a 

30 monitoring target at the relevant date.  

[0114] 

[Summary] 

As is obvious from the above description,
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the abnormality detecting system according to the 

second embodiment performs the following process.  

States in each time range of cow that is a 

monitoring target is identified based on time-series 

5 data representing a three-dimensional acceleration 

as measured by an acceleration sensor placed on a 

neck of the cow that is a monitoring target. State 

transition probability data is generated by 

calculating a transition probability from a state at 

10 a predetermined timing of an identified time range 

to a next state.  

Based on the state transition probability 

data generated for the cow that is a monitoring 

target, a score representing an abnormality of a 

15 state transition is calculated for each stage 

transition probability.  

The maximum score is extracted from the 

score calculated for each transition probability, 

and is output as data indicating the abnormality.  

20 It is determined that the abnormality in 

the cow that is a monitoring target is detected, 

when the data representing the abnormality satisfies 

a prescribed condition.  

[0115] 

25 Thus, in the abnormality detecting system 

in accordance with the second embodiment, a score is 

calculated based on the state transition probability 

data of the cow that is a monitoring target to 

detect a change in a tendency of movement occurring 

30 prior to development of BRD (or BRDC). Therefore, 

by the abnormality detecting system according to the 

second embodiment, it is possible to detect an early 

warning (or some abnormality) of BRD (or BRDC)
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before the cow that is a monitoring target develops 

BRD (or BRDC) as in the first embodiment.  

[0116] 

That is, according to the second 

5 embodiment, an abnormality detecting system for 

detecting an abnormality of cow that is a monitoring 

target can be provided.  

[0117] 

[Third Embodiment] 

10 In the first and second embodiments 

described above, an acceleration sensor is placed on 

the neck portion, but the attachment part of the 

acceleration sensor is not limited to the neck 

portion. The acceleration sensor may be placed on 

15 other parts.  

[0118] 

Although in the above-described first and 

second embodiments described above an acceleration 

sensor is attached as a motion sensor, a motion 

20 sensor other than the acceleration sensor (e.g., an 

angular velocity sensor) may be attached.  

[0119] 

In the first embodiment described above, 

the state transition probability data for healthy 

25 cow was described as generating state transition 

probability data for a certain period of time.  

However, the period may be one day or a plurality of 

days.  

[0120] 

30 The state transition probability data for 

healthy cow may be obtained by generating state 

transition probability data for one healthy cow, or 

by generating state transition probability data for
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a plurality of cows and calculating an average of 

the data.  

[0121] 

In the above-described first and second 

5 embodiments, it was described that data indicating 

abnormalities was output once every day for the cow 

that is a monitoring target, and it was determined 

whether an early warning (or some abnormality) was 

detected once every day. However, the output 

10 frequency for outputting data indicating abnormality 

and the decision frequency for determining whether 

an early warning (or some abnormality) is detected 

are not limited to one day, but may be less than one 

day or greater than or equal to one day.  

15 [0122] 

In the above-described first and second 

embodiments, the case in which time-series data 

representing a three-dimensional acceleration was 

used was described. However, the number of axial 

20 directions using time-series data is not limited to 

three axes. For example, time-series data 

representing an acceleration of any two axes may be 

used. Alternatively, time-series data representing 

only a single-axis acceleration may be used.  

25 [0123] 

In the above-described first and second 

embodiments, it was described that nine types of 

labels "1" to "9" were used for the labeling 

process. However, the types of labels used for the 

30 labeling process are not limited to nine types.  

[0124] 

In the above-described first and second 

embodiments, the time range at the time of the
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standardization process is set to "1 [SEC]", but the 

time range at the time of the standardization 

process is not limited to "1 [SEC]".  

[0125] 

5 In the above-described first and second 

embodiments, it was described that when the data 

indicating the abnormality was greater than or equal 

to the threshold value for two consecutive days, it 

was determined that an early warning (or some 

10 abnormality) was detected. However, the conditions 

for determining whether an early warning (or some 

abnormality) is detected are not limited thereto, 

and other predetermined conditions may be used to 

perform the determination. In other words, it may 

15 be determined based on whether pre-defined 

conditions are satisfied or not.  

[0126] 

In the above-described first and second 

embodiments, it was described that the animals that 

20 is a monitoring target were cow, but animals other 

than cow may be monitored.  

[0127] 

It should be noted that the present 

invention is not limited to the above-described 

25 embodiments. An embodiment where another element is 

used in a combination, for example, may be covered 

by the present invention. In these respects, it is 

possible to change the embodiment in any way without 

departing from the spirit of the invention, and how 

30 to change can be appropriately determined in 

accordance with what the present invention is 

applied to.  

[0128]
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The present application claims priority to 

Japanese Patent Application No. 2020-040117, filed 

March 9, 2020, and the entire contents of Japanese 

Patent Application No. 2020-040117 are incorporated 

5 herein by reference in its entirety.  

[Description of Symbols] 

[0129] 

100: Abnormality detecting system 

110: Measuring device 

10 130: Server apparatus 

131: Data obtaining unit 

132: Reference data calculation unit 

133: Analysis unit 

134: Early warning detecting unit 

15 150,160: Terminal device 

401: Standardization processing unit 

402: Labeling unit 

403: State identification unit 

404: State transition probability 

20 calculation unit 

601: Standardization processing unit 

602: Labeling unit 

603: State identification unit 

604: State transition probability 

25 calculation unit 

605: Score calculation unit 

1211: Analysis unit 

1301: Score calculation unit
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CLAIMS 

1.An abnormality detecting system 

comprising: 

5 a first identification unit configured to 

identify a state of an animal that is a monitoring 

target in each time range, based on time-series data 

from a motion sensor placed on a predetermined 

portion of the animal that is a monitoring target; 

10 a first calculation unit configured to 

calculate a transition probability from the state at 

a predetermined timing of each time range identified 

by the first identification unit to a next state; 

and 

15 a determining unit configured to determine 

that an abnormality of the animal that is a 

monitoring target is detected when a score 

calculated based on the transition probability to 

the next state satisfies a predetermined condition.  

20 

2.The abnormality detecting system as 

claimed in claim 1 further comprising: 

a first standardization processing unit 

configured to perform a standardization process for 

25 the time-series data from the motion sensor placed 

on the predetermined portion of the animal that is a 

monitoring target in each time range; and 

a first labeling unit configured to 

perform a labeling process for a result of the 

30 standardization process performed in each time range 

by the first standardization processing unit, 

wherein 

the first identification unit is
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configured to identify the state in each time range 

from a combination of results of the labeling 

process performed by the first labeling unit.  

5 3.The abnormality detecting system as 

claimed in claim 2 further comprising: 

a first score calculation unit configured 

to calculate the score based on each transition 

probability calculated by the first calculation 

10 unit, and extract a maximum score from among the 

calculated scores, wherein 

the determining unit is configured to 

determine that an abnormality of the animal that is 

a monitoring target is detected when the score 

15 extracted by the first score calculation unit is 

greater than or equal to a predetermined threshold 

value for consecutive days.  

4.The abnormality detecting system as 

20 claimed in claim 1 further comprising: 

a second identification unit configured to 

identify a state of a healthy animal in each time 

range, based on time-series data from a motion 

sensor placed on a predetermined portion of the 

25 healthy animal; 

a second calculation unit configured to 

calculate a transition probability from the state at 

a predetermined timing of each time range identified 

by the second identification unit to a next state; 

30 and 

a second score calculation unit configured 

to calculate the score based on each transition 

probability calculated by the first calculation unit
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and each transition probability calculated by the 

second calculation unit, and extract a maximum score 

from among the calculated scores.  

5 5.The abnormality detecting system as 

claimed in claim 4, wherein 

the determining unit is configured to 

determine that an abnormality of the animal that is 

a monitoring target is detected when the score 

10 extracted by the second score calculation unit is 

greater than or equal to a predetermined threshold 

value for consecutive days.  

6.The abnormality detecting system as 

15 claimed in claim 4 further comprising: 

a second standardization processing unit 

configured to perform a standardization process for 

the time-series data from the motion sensor placed 

on the predetermined portion of the healthy animal 

20 in each time range; and 

a second labeling unit configured to 

perform a labeling process for a result of the 

standardization process performed in each time range 

by the second standardization processing unit, 

25 wherein 

the second identification unit is 

configured to identify the state in each time range 

from a combination of results of the labeling 

process performed by the second labeling unit.
































	Abstract
	Description
	Claims
	Drawings

