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Project Overview

JST/RISTEX S3FIRE (Service Science, Solutions and Foundation
Integrated Research Program)

Project title: Innovation for Service Space Communication by
Voice Tweets in Nursing and Caring

Aim: To improve working environment in hospitals /nursing
homes.

Method: Introducing IT Device: smart voice messaging system
(“Voice Tweet Device”).
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The SVM (Smart Voice Messaging) System

Android Application Work Reports
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Smart Message Distribution
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Four Research Groups

» System development and field experiments
(Toshiba Corp. and all members)

» Visualization/evaluation of space-time communication
(Shimizu Corp.)

» Modeling and simulation of human behavior
(JAIST Information Science)

» Evaluation of service quality

(JAIST Knowledge Science)
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Virtual Field Experiments
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Experiments

Virtual Field Experiments
20 December 2011 at JAIST
17 January 2012 at JAIST
13 February 2012 at Toshiba Corp.
13 September 2012 at JAIST
22 February 2013 at JAIST
13-15 March 2013 at Toshiba Corp.

28-29 August 2013 at JAIST

Field Experiments (at a nursing home in Tokyo)
5-8 December 2011
21-24 February 2012
27 September 2012
20-24 May 2013

21-23 August 2013
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Evaluation of Communication Methods in VFE

- Traditional Approach -
o lpHs [ Trl ]| Trl [ SVM_
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unfinished | waiting time | NC response
tasks (sec.) | (sec.) AVG (sec.)

Total 32764 3286.50 2639.89 2981.24 3 16 2%6.9 15
OIS 106229 57346 80256 864.98 19 514 15
WET 76469 95315 72543 686.65 5 35 1 17
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Length of Traffic Line

Statistics on Time
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Automatic Synthesis of Executable Models
from Process Description

Transformation
rules

Transformation
rules

Checking by
UPPAAL
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Specification

Each patient does not wait for
more than 5 minutes after finishing
bathing.

The time necessary for finishing all
tasks is no more than 50 minutes.

= True or
False with counterexample




Structure of RENEW Simulation Model Resoufce manager
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A Result of Simulation - Traffic Line -
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Step 1. Event Abstraction

Event format

(date, Staff-1D, type, in-time, out-time, duration)

‘type’ is either the location or “moving”.

Event log
BH i 5/25/201 17:30
#BT 5/25/201 19:15
A= BE i B8 R () 5 Th PE AE (m) |72 BhES RO CGFD )| B2 Thisk 13 (m/ #0)
2FYE VY HNyA 17:30:11] 17:30:16 5
l 12 17 0.7
2FJE ¥ YOVE 17:30:33 17:30:47 14
l 0 I 0
2FYE VY YnuA  17:30:48| 17:31:33 45
| 0 39 0
2FE VS HOVA 17:32:12 17:33:23 71
1 12 I 12
2FJE T HOvE  17:33:24] 17:59:18 1554
l 0 73 0
2FJE T YnyA 18:00:31] 18:00:53 22
l 12 [ 12
2FJE VY YOvE_ 18:00:54| 18:06:16 322
l 35 I 35
208] 18:06:17] 18:06:27 10
l 35 1 35
ZlF‘Jt Vo 40vE  18:06:28] 18:12:01 333
0 1 0
FJE 2 40vA 18:12:02] 18:12:23 21
l 12 1 12
FIE s 400E  18:12:24] 18:22:19 595
l 0 15 0
COGSIMA2014

Abstraction table

a A
b B
C C
X X
y Y
S S
z VA
[ M
e E
|
Event sequence 4
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Step 2. Modeling: Attributed N-Gram Model

Conditional Probability
Pr( Next Event | [Role, Situation Mode] : Event History)

Role | : :
Staffl = Staff2  Staff3  Staff4 = Staffs

.

Event History
(N-1)-gram -

2 m
0. m
'= | ]

:'P iod p;
o

\_

Next Event

>/
N\

Situation mode
= the location in which most of the staffs are working
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Step 2. Modeling: Situation mode

Mode changes

Dining Caring after dinner Caring in rooms
)

3F salon |

2F salon | ‘eees

1F salon . T—.-

3F room ;
2F room

1F room -

Others

0 1000 2000 3000 4000 5000 6000 7000 8000
(FE in May 2013) Sec.
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Step 2. Modeling: Learning Models from Event Logs

Maximum likelihood estimation

Oyo (W)
ZO"EZOJIO"(W)

Pr(oly) =

w: the given event sequence.
O,(w) : the number of times string s occurs in w.
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Step 2. Modeling: Probabilistic Automata

- » - T T

Conditional probabilities

b 0 0 0 0

P 040 067 067 025

r 0 0 0 0

s 060 0.333 0.333 0.75

t 0 0 0 0

b 1.0 0 025 0

p 0 067 025 0

r 0 0 0 0

s 0 033 005 10

t 0 0 0 0

b 0 0 0 0

p 10 020 020 025

‘ 0 020 040 0925 Graphical Representation
s 0 060 040 050 by Probabilistic Automaton
t 0 0 0 0

(VFE in Sept. 2012)
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Step 3. Analysis:
Comparison of Models in different Situations

Transceiver 11 SVM

(VFE in Sept. 2012)

Pr(Room | Room — Room)
= 0.14 (Tr. 1), 0.5 (SVM).

In-room tasks were interrupted often
in experiments other than SVM.
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Step 3. Analysis:

Detection of Unusual/Suspicious Behavior |

Event log Fragments

5/25/201
5/25/201]19:15
= ‘,ﬁ B ] a b C d
17:30:11 17:30:16| 5|
] 7
a7

efg

= — abcd
——— ¢/ becd
— cd
d

degree of specificity

e

efg

actual occurrences

=log

expected number

|

Behavior model of

average behavior
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A. Frequent movements between different floors:
1F salon — 2F salon — 3F room — 2F room

B. Long movement and long task at the same location.

C. The following voice message was sent just before
the point: “Ms. XXX has returned to her room by
herself. | will go to see her now.” (Usually Ms. XXX
needs assistance on her movement.)

D. Frequent movements using an elevator.

4

Specificity a B

H Time

(FE in May 2013)

Time series of specificity




Step 3. Analysis:
Detection of Unusual/Suspicious Behavior |

Event log of each staff

R e)

Different behavior:
Most of time is spent in 1F salon.

T —— s
‘ 12
£ 10
Cross entropy analysis s
(Discrepancy between —
log and model) .
| )
: 0 J
Hw) = - Wllogzpr (S(W[j])|a(W[j—N+1,j—1]): S(W[j—N+1,j—1])) 04 0.6 038 1 12~ 14
j=1,|w| Cross entropy
(FE in May 2013)
J Histogram

Behavior model of
average behavior
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Conclusion

Behavior modeling for physical and adaptive intelligent services:

— Learning probabilistic models from event logs,

— Diagnosis of human behavior: detection of unusual/suspicious activities,
discrepancy between individual log and average behavior

Ongoing/Future work
—How to utilize the results for improving service quality
—Modeling collaboration of staffs

—More experiments on other fields
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