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Stress Estimation Based on Spatiotemporal Analysis of Smartphone

%

X

22 28 2= — b 7 1 v a o HHc £ <
FIF#ED 2 L ZHEE T

B WA A T IR R RE A RKR B
BV RS OKH IR SEEE ES b 525 BiH EEC?

ZftH 20205F6A23H, #53H 2021F1 7120

BE  HEDPETEAY— I 7+ YOERIHEATEY, A~v—F 7+ Y EHOZAN AT THEICH
B EEIoTETVAE., AX— P74 Y32 —FPRHARLEE, fibh2bDTHL720, T—HFD[
HURRER S92 Z E W CE A, R TlE, 22—V DA~— 7+ VHHRHELHEEI2 X - TUE
ENHO 7T =IO, RHMBLE, ZENBEOmMEBS»r50 7208, FIHEDOA ML X%
ETAFHEEZIRET S, TOHRE, 21 AOZ—FIIBWT, HEEREE 88.7%THHED A b L XA DB R
BEVEEEARETH Y, FEEZT TR CERNBETO V2 &5 T2 DA TH L 2 L 2R L.

X—TJ—R:AY—=F 735>, ANLA, AYFVANVATT, W8 S

Usage and Sensor Data

TAKASHI HAMATANI®  KEeicHl OcHIAT! NAOKI YAMAMOTO!  YUSUKE FUKAZAWA!
MasaTosHl KiMoTo!  Konrer KAMINISHIZ  JUN OTaZ2
YURI TERASAWA?  TSUKASA OKIMURA® TAKAKI MAEDA?

Received: June 23, 2020, Accepted: January 12, 2021

Abstract: With the spread of smartphones worldwide, there have been growing interests in healthcare using
smartphones recently. Smartphones are expected to understand psychological context of those owners be-
cause they are usually with owners. In this study, we propose a method to estimate human stress using usage
and sensor logs in a smartphone with consideration of spatiotemporal context. To extract spatial contexts
of users, the proposed method presents an algorithm of stay detection in most important points that play
the role of home and workplace. Our evaluation revealed that the proposed spatial features were effective to
extract important contexts related to human stress and successfully combined with the chronological features
to improve stress estimation with up to 88.7% accuracy.

Keywords: smartphone, stress, mental healthcare, stay point analysis

1. @FU®IC

MR ERER (WHO) offf&FIc L 5 L&, RT3 &
ANDDADA Y FZNVANVADARAZPPZTBY, A%

LB &H NTT FaE

NTT DOCOMO, INC., Chiyoda, Tokyo 100-6150, Japan
2 RRERY

The University of Tokyo, Bunkyo, Tokyo 113-8654, Japan
3 BEEFESORY

Keio University, Shinjuku, Tokyo 160-0016, Japan
) takashi.hamatani.rt@nttdocomo.com

© 2021 Information Processing Society of Japan

WAV ADARFTNC X BRI T I & b 7% ) 8
RIEZTIRFVIZDIEL EBHRAESIN TS [1]. X A
WADATIZELFENE LTELHMOENTVLDAA ML
ATHY, AV TNV AORFEZ CT-0121%, #®ER
ANV ARET, HEPZIFTTWEA ML AZHE LT
WCBDLIENERETH 5 (2], [3].

K ILONEE 2019 4E 11 A 045 93 [o] MBL - 45 79 [ ITS &
FRFZE R BRI THE SN, ENA NI a—F 4 v 7L i8—
NA LT ATF LR EERIC L ) RIS SR/ EEY v —F
WAOIBTAHERE S NG L TH S,

1113



BB FREREE Vol.62 No.4 1113-1127 (Apr. 2021)

—F, MBS A< — b7 4 O JEIT IR IcH KL T
BY, A= 7 v ERFERAL -V 2V PR
ANIWVAT THGNOELEHE->TETWL, Av— |
Tr VIIEBOE U EBERL TV I E0L, KRB
B ORER Y, "NVATTAOILHS R EN TS,
T2, Z—FWEEOT T A T L ThA
THHURTRETH D), T —F ORI E 2 g T 5 2
EDSHREIC R ) DD H B [4].

DL BERESATER, ITNFETARIIZEF —L T
A= N7+ O E o /BB CHERIT A 2
EIZEY, A= 7+ v OFLEES, FuFICET S
07— 2EgEitl, Y277 7IVOERNC L) RS
L7ZAMLVADOIRELEL LADLDELZETI—FDA
FLAERHET L THEOMIEE T CE&/, ZOFFEICE
D, 2L DF—=F ISV THEHR LEBMGTEI LD A~ —
N7 vl =D L ADBIRIZHEDNT
ANVAEWETAIENTESL., —FT, ¥ - 7205
B COAY— N7+ v u ZEFCIE, Orassgsd Lz
M2y 73 AN eEZETELRVITREESH L. 728 2
X, FMUEMICESRZ2 LTWAEAIcBVnTd, HETE
HETALDOLBGTELETLIOL T, EOHNRE
L o TEL LN G BIERPH L LEZLND.
TERDOMIRTH, T—FD XV ¥ LAV ZADIREEE 2 —
DO EBERICEH L2l 2 s Th Y, EERIE
I—FOLIIREL FRT A 20ICHATHLEEZLN
TWw3 [5],[6]. L2 L%ads, MEEHREI—HIZEoT
TIANVIZEDLLERTODH L7720, LT LIFUSTE
HEWRIRS W E W) BEEH B,

Z ZTARMIZETIE, =Wtk ->T, A
XY= 74 OFHB S OEREVPRZD ) L L)
FEDOD &, T—VFOMEMEICER L, ZMIICA~— b
T RO S5 A LT, FEEONINE TITR
FUBBME S oW 2 b L AKEEOISEER A2 ™
L. 512, ZHMZTE 75BN T, 2—FDT T4
INYFREADLEVE A, T 7 2 EET 5720
DFE W E ORI B T, UEFHREY V25 HE7200T
7 L, METEHE L WIFL 7 7 £ 28R4 2 MMER TR
THLHREMETH. BT 75 BITA5EE L
T, DA -V ZOWEEFINL I THFA NN
P Ld 101 THIR L AWITEEEYR S 5. 2L 21, BR
FEENEFEODICFHEN D 2 &b HIE, KIBROKR
DELEDLEIHHENLZ DY, BIZWAEOO
TF =7 OATENC R T A MEAER L LT,
A ML AL EMEOBRAL— T LR AU LD
5. L7205 TRIFFETIES { o —CHi o HiY Tl
ETAETHDEEZZOND, BEFTHOHE (HEL
E), BIXOURWEH 2T S WGeE) o2kz
EERHARSEAMEDT, N5 02 MBI

© 2021 Information Processing Society of Japan

BUBLAT— M7 5 OFBLSRES, fiviICETZO S
T8 e ELT A L TEMMa Y TFEFANEANL
AHEEITTER T 5.

FERZ 21 AOEEF 200 HUL Eoo 77— 5128\,
AR IED & L —F ORI/ T B ZEEIC 7 9 A Y
VY7 L72) AT, BEE T MM E HPEIEHT 5
M, BLXUENSLICHTAME L, ZoMMomERE I L
20 77— 2EFT A 2 LT —FOITE) & 2SR
THBEAL L7855, kORI ELE O 53R O 2 % H
WABALHIKLT, XML AOHERENM LT52 &
RRERR L7z, GERIEZE, 7% 5 ICHEH S ORATIIFE I §
LARMWGEDOEBII KD E BN TH 5.

o L—HVDOWMHENBEBILICAT— M7+ O{ME0 7%
FE b L, B &R L AR E L A s b

I TI—HDA ML ADOEEHEEREE 88.7% % i

L, BB T3 A 25T A EMEOLR
HEHERR L 72,

o TIANYADEEDO, MEHHRONEL LTH
i WiFi 15#a iV CEERHE m 2 Mt 3 2 5%
FEE L, MEERB X O WIFL 1§ E FNENRA L L
AHEE N BB DIEFE D B 24T o 72468, 74
DFETA ML ARMETE L L EMHERL.

2. BEME

21 A¥—bFI7F>HEBAVEADI ML XHTE

A= b7 & PAIHH O 72D\ hdEE &~ R GPS %
EEROY DB ENTE Y, 2—FOITH) % ZH)Y
ST 5205 TE L, 2HA Vo AY— M7 4 O
MICEHL, SN5DEyIhoBsNLERE VA
ETA—HFDX ML AZHET HELIITDNT N5 (7).
INSDOWZETIE, A~ — b7+ OFELE & LF N
PHEI—FDOEETWDL AN L AZIETE LR Z R
LTwa, F7, Canzian b OFFJE [8] Ti&, MEEHRE
AT s Nz —F OB % H w2 —F o) >
REZHEET HTFEZREL TS, $72, Ware 51 1
RLOMFZE A SR S8, KRFAEEMRIS, KFEOITH—E
ANOEREH (% WiFi 727 £ A EA ¥ O MAC 7 F
LA, #7754 A0 MAC 7 F U A, FEiBGRRB X
Ol i) 2MWv5 2 8T, EEREHVYY, 77+
ARA ¥ P HATORMEFRE HTH) DIREEOHEE %
ToTwW5 (9. LEOWEDLHIZ, Ax—bT 4 U
S5O NBEREIHH L 722 —F 0L HUIREEREE O Y #L
BHELATONTETWE, 52, BEORED LI
2, ADSTHAET B H5HT & AOLHEUIREEDBRMEICEH L7z
F7ed %% <ATbhTBY (5], 6], AFZEICBVTDH, i
TEHE O S EICTAY = N7+ > DU T 25+ 52
ET, AMLVADHEERKEDR EEX 5.

1114



RS 2R

2.2 AMEF—LDOINFE TORY)EH

EROMRER E, (EROA ML ZADHEFEIET AT
\&, PHQ-9[10] (VEWGIZBE$ 2 9OEM) D7 v r—
FEHWTZ =) SDELE L HENERTH 72
AV T U= N ERWFETIE, 2T OEHD
T, BObNT 7 —bMIRAZELTH S ) ZIFTa—
FOLFIREICET A EMT— 7 215515 &L w ) FlE)s
HbH. — 5T, MEHEREPL—FOFBIMES 5720,
FIHB AR VT W2 WIFTER 2 DEURRE O fl i R0, e
HICIERT— 5 25T 5 2 LA WETH 5.

FIT, EEHELOMEF— LTIy 27 7 7TV ER %
HOTHIGIETH Y, A ML ARREE S 2HIE L L
THIGNA LF/HF [11) # B 77— & L, AX— b7+ >
INEonsu s EMAEOETHEETVAEEST S S
LIS, BEBEA ML AOHETEOWIE T TE
oo AR =73 rarxHwizA ML AOHERE I FEE
SOk, 1NHEOA~— 7+ 07 (IEE, AEE, K
JE, friEfEes, 7£E, 4 vhyoE, mMEot 47, 7
7)) OFEFT 7, Ny T 1), Google Activity Recognition,
A ML=V FE) IOV, A 128 RILOFa x Fi3
L, #EEEFTNVEMEST LI LETILI%DRETA ML A
RHEEMRETH LI L HRLZ[12]. 518, AMLAD
e HBEOMEDZOA ML AL HE/EHBH S EEZ S
NBL—VFOEBRIEICER L, A ML R LEBEREDOH
HER%ZBL72A ML AHETELZREL, EBICHE
TEROEREIZE D A ML AHEEREEDN ET 5 2 L iR
L7z [13].

RIFFE T, RO Z T 7T XA M EZE L4
eI, ZEWZa T3 A N EEELEEEOE
BIZE ) ANV AHEEREOM EAXL. ZNFEFTIZ, &
TRAETO SMS REMOFIH # g E e LAY %
WFZEid 7 STV 2T [14], ARFETIRT 7)) r—a v
DFHLIMN S NOB) & RBRE % K322y > 7 F X b
EHEL TR EER, EERBEICBIILAY—- 71

Vol.62 No.4 1113-1127 (Apr. 2021)

>0 7R R L L, A b L AHEEN DR FGEE
479 .

3. ANLAWEFE

RHFFETIX, FEH S OFATHIZE [13] TRELZAFL A
HE T L ABORMAEHNTA ML ADHEELT).
COBIZ, DO 4 ECRET HEMMEAY— T+~
O 7 EEHCED B AL, BT L DAY —
b7 4 YRR OLIIRE L BE S 5 02 S I
THIENARMEDHNTH L. ABETIIA ML AEET
FEOWE % iR 555, FEMIC DWW TZIATIIZE [13] 2 3R
Ehrzw,

3.1 BiE
AMLARZOTNEE 1 1IRT. £9, Av—b7 7
YEDHETRER T S EREL, 2-FDAT— T+ ¥
PrFEC I O 2 RS BE 2 BT 5. AR L 72456
wlx, A ML AKEOIEMRT—4 L7 % LF/HF D7 —%
LHIAEDE, ik ) EMFEIC LV EEE AT L
TRA NV AEEE TNV ERET b, BTV, TV
DOHEERGEE OFEM A 4T 9 Y drid, AR L 72 fiE % 70
125252 TRONDIEEMR L, EWT -5 2 BT
BT EIEY)ERT .

3.2 X¥—h74>AOT7DINE

AR, HETHHENRTWAE AR =74+ 2D 0S D
¥ = 713 Android OS BX N i0S "ETH 4. WH % It
B4 % L, Android OS T&7 7Y BZREI KD T 7
r—3a YFHBECT 72 ATES5—HT, i0S TIE7
TV = a YHHBENDOT 7 R ADFIBRINTBY,
Android OS DH 1L V& ou 72 BUSWEETH 5. L
2o TRIFZETIE, A= b7+ Y2 HVWIZARNLAD
HesZ W BETE DMET D 728 Android OS x5 LE 112
RO ERETSE. A= 7+ YORBEICHT LIRS

AX—hkTA>00 , . - b g e THESE
WREE  EERRR CONMER =
T2BiE e
- HmEE CA-HEZRT—h
- AR g JA> DB E
¢ SR Poo x A AA : DR
- AIEGE A B5RS - ZERINIEE) 2 L RIEE
- B | | e NL Y20 A - e e 8 s AN—=hIA>D S
- [EDRRE t 2t 3t at 5t FIFR AR DEEEICHITD
I RRRE LF/HEE
- NyFUKS (1385- 1685 DFLIE)
S S e
.« Wi BGIER REEC &
- EDWi-FilEHkR cOd-HEIY—
. (TENRAAEER TA> D= %&Eﬂ?ég
iRFIAOY . EAnEE AR
< EEASAT C A= RTAZD
© FIUL—SIiEE FIFRER
- REREG -
< ATRIER t 2t 3t 4t 5t
OomE BHELEM THSEE WEETIVIBE

1 AX—= 177 xHnA L AHEE T IVEETFEOME

Fig. 1 Overview of model training for psychological stress estimation using smartphone log.
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Table 1 Smartphone log collected in our study.
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Table 2 Behavioral features extracted in our method.
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Fig. 2 Stay-point extraction algorithm using locational information.
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Fig. 3 Stay-point extraction algorithm using ambient WiFi access point history.
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Fig. 4 Probability distribution of stay occurrence at the first

iR

and second important locations (based on location in-

formation).
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& 3 il WiFi 1F#Hop)
Table 3 An example of ambient WiFi access point (AP) log.
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2019/1/1 0:00:03
2019/1/1 0:00:03
2019/1/1 0:05:03

MAC 7 FL XA
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Fig. 5 Probability distribution of stay occurrence at the first

and second important locations (based on ambient WiFi
AP).
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Ta PHREIEOR NV ARERE (Z—-F21, ¥ 7V 212)

Table 4 Stress estimation performance for each feature type (21 users and 212 in-

stances).
B Hr FE#iEFL | Accuracy  Precision  Recall
R R (DESRTFE) 7,437 81.6% 79.2%  72.6%
eI (ERTE L B RN — ) 585 70.3% 62.1% 64.3%
F T RO+ 22 IR e (BT | BN — R) 8,022 88.7% 86.6%  84.5%

x5 AN AHGEIIBU D RATH s L)

Table 5 Confusion matrix of stress estimation for each feature type.
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Fig. 6 Visualization of effect of spatial features on stress esti-

mation.
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R 6 b EEIFMEERITECBITS A ML AEREE (-

20, F T IVE 174)
Table 6 Stress estimation performance with different spatial
feature extraction methods (20 users and 174 in-

stances).
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R R (RERTR) 77.6% 71.4%  72.5%
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N—2)
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® T APLVRIEIIBUBRETY] (EREREERTEI L)

Table 7 Confusion matrix of stress estimation for each spatial feature extraction method.

(b 5 PO+ 22 0 O
(BN — )

(a) BE 45

(c) PRE R A AP e + 22 BT A 5 B
(Hi8 WiFi R — )

e e e
A A A
£X 2 £X 17 Ji§ 2 1
S B8 20 s Ll S o2 18
=] 19 50 =] 16 53 15 20 49

® 8 FEIL DA ML AHERE (2 —¥H26, > 7VE336)
Table 8 Stress estimation performance with combination of lo-
cation and WiFi based spatial features (26 users and

336 instances).

2 s Accuracy  Precision  Recall
ER A HE . (PERTE) 81.0% 77.8%  73.1%
g P) A e + 22 T P R B 84.2% 80.5%  79.9%
(FRFETFH)

K9 E£8DADMLAMEMBIIBI HRATH Hgmlr)

Table 9 Confusion matrix of stress estimation of Table 8.
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