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Abstract: Services to provide variety of information in real time with reference to users’ situations are re-
ceiving attention, as portable terminals have become widespread. Accordingly, some studies are being made
to estimate the users’ activities from their location information obtained by GPS or from the contents of
their microblog posts. In addition to these, the author and his colleagues examined a new estimation ap-
proach focused on the habitual behavior of users. The present study proposes an estimation method of users’
habitual behavior within designated periods of time by extracting behavioral patterns from the changes in
contents and numbers of their posts in microblogs. This method enables estimation of users’ behavior within
designated time periods without any behavioral description provided in their microblog posts. Our demon-
stration experiments compare a method of merely using posted contents with this method that also considers
habitual behavior as well, and verify its usability.
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Table 1 Analysis of posts with words concerning habitual

behavior.
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Fig. 1 Flow of proposal method.
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Table 3 Example of words registered into dictionary about
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Fig. 2 Posts of each users’ activity extracted from description

contents.
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Fig. 3 Complementary results of posts during sleep and work.
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Fig. 5 Extraction results of posted pattern vectors.

BR/Z—RIML

V 2012-12-20,thy,12:00 V 2012-12-20,thu,13:00

| ERE 5ER2E |
=

ﬁ@%
f

— VSethtl VSethtz .- VSetW1t24

BERR 41 : 80% BRAR P :90% IREH:70%

HE ZDth:20% ggn_p;m% ﬁ%_ﬂbso%
B VSety..,  VSety.:, VSety. i,
AR 1 :80% BEAR 1 : 70% Z 0 :70%

— ZDfth:20% ZD1th:30% RED:30%

6 PNy — N7 VI BATEIER O E
Fig. 6 Setting action probability to posted pattern vectors.

5.3 fTENERfTSAIE

ARMBLCIE, fTEERET V2SR, Hil L 3fm
¥ — Ry MVICATEIERE R ET A, Ny — R
FVANOITENER O ELZR 6 1IRT. X6 T, 9,
BAG/S8 =R MV Ve, (6 /EE) 2 KMH, &
REHZ S 5. WEH w,;, WM ¢ 1208 L 7oy —
¥ X7 PVES VSety,, (6 T) 2K (6) 12R7. 22
T, 2 @7 H 7V MEBH2 S OREB KR RT.

© 2013 Information Processing Society of Japan

Vsetwitj thWifj V(dh—ﬂwitj V(d;._“)witj V(dh—zl)Wilj V(dh—zs)witj V(dh—z)Wt

7 FTriursILa
Fig. 7 Dendrogram.

VSetwit].

= {thwth ’ ‘/(dh,—7)witj ) ‘/(dh—14)witj7 R ‘/(dh,—z)witj}
(6)

ZLC, B85 = N7 PVIEE VSety,, \ATBIHES
7NV (K6 4L ORBH, FREICET2 ST
BEREMST 5. SMCLY, BRSy— Ry b
(¥ -US T AT

54 BIE/INZ—NT MLDUZXZ) 2 TIIE

RETIL, T 2HMMNNT =R MR T A
Dk EAELL, £HT I L TRHBM AR b
VEMET S, £3, KEH, SEEOER Y — 2~y
NVEESE VSety,, Z3HTL, 77 A8 ¥ 712k o T
FirXs =2 X7 MV Vapwitys Vidn_vywsts s Vidn_1aywit s - - -
Vidp _ywit; 3T H. ZLT, LR PO
lxRDDZ LT, EUTENZ MVEERY L H 0%
By — o X7 MVvEMBT S, 7 A8 ) 27128
BRI LGNy — X7 MV EFNEN Ve, Ve, ...,
Vep, ..., Ve, £FT. 22T, yl37 7 A5 0EHRT.

KifFeTid, 7928 ) Y ZOFFELLT, BENY T
AFN T ERRAT A, VI ALY VR, BER
UIAYY) T LIRS A Y ) T B, JERE
&7 7 A% ) ¥ 7 DRERTH % k-means [16] TIE, 7
T AL ¥ TREESIME KIS 5 &) BIER T
50T AYEBEETH LR EDOMENH L. £ T, &
sy — v OEMEICIE LT, EEOHD 7 A5 & HEK
TR REE 7 9 A5 ) v SRR L. BB 5 A%
VY 7TIE, T8 OGP R SN, FORES
Frrussa (BER) cEIhb, FrrarsILk
X 7 (2R,

TR 7 7 A EEOBE o« TYLZ LT, HEIT 5
7T A EBERET A, 79 A MOEBEOEIIZ, B
@iy 7 A% v 7 OREN G FETH S Ward i [17] =
V3. Ward #:1E, 79 A5 NOF— 5 OF % i/
KTBE)ICEELAEFETHY, SEHEEI GV LD

79



IEHRMIPHASH/YEE T —42~N—Z Vol.6 No.3 73-89 (June 2013)

MOENTWD, WardiEI2E W 7525 1) v 7 Lz¥ka s
¥ = X7 M Ve, 2BhmNy — Y ETVIHENT 5. 2
NOHOMBEOFTII LY, L —VFOEHETH) & i/ vy —
YR MVEDBEREFE L, KRNY — BTV R
5.

6. fTENETET7IILT) X L

6.1 /N2 —>1 X7 MNVEEALIE

RS L ATEIRER E TV E iy — VBT IVICHED
&, ITHIHEEMREIC L) 2O R fEET 5. AU
Tld, FRE SN o 1B BEHM/ Ny - X7 by
V() T 5. 5.2 Mok S5 — X7 MOV L
ERBRIS, EEORMEBRIZED SR 1 BT
EEIT A, FLC, R L SR ORI LT,
TR S N-BE M 2 5 8% n FE AT F Tl - 72 2 e o
DTG A L, RO OITE) % T Bl
y—r e LTR7 PLT 5.

6.2 Hi5/\a— 2 CE D TERERE HNE
AT, Hl L 72 e R O RS OFcAi 8 — >~
N7 MV V(z) RN — 2| TOVIHEM S ks
¥ =R M Ve, ZHEEL, FPESRDEWARZ ML
T 5. CoLE, MBS LE LMY — 21T,
B RO AR EF U w, D27 MV Vey(w,) DAL
T5., IhE, BELTVWLTFHEREL CWARWKET
&, A/ 88 — VICHHE R ENDS A SN2 TH L, X
7 MVOEPEORHIZE, I A RELZ-2) v F
HEEE w7z, av A Y RE, X7 PVonEois %
RTHRETH Y, N7 MVOmE LT 213 &gk
WL b, =71y FiEEEE, X7 PVORSOES %
ETHRETHY, N7 MPVOESTHELT 213 &L
WL b, At A Y RE Cos(V(z), Vep(wy)) DHEMAK %
K (7), =72 v FEiEE Puclid(V (z), Vep(w,)) DHELF
%2R (8), HME Sim(V(z), Vey(wy)) DEHAER (9) 12
AT, TIZT, nldANNT PVORTHEET.
V(z) x Vep(wy)
VV ()2 x \/Vey(wy)?

Euclid(V(x), Vep(ws)) \/21 0 ) X Vep(wsy))?
(8)

Cos(V(x), Vep(wz)) = (7)

Sim(V(x), Vep(wg)) =
Cos(V(x), Vep(ws)) X Buclid(V (), Vep(wy)) (9)

FREO &) ICEHE L EUE A RS S — 2TV IS
ENTBRNy =Ry MV EICER L, 2OHTHRD
PREEAST WA/ N Y — R N IVOATEIER % ha/ N 5 —
YD ATHIHES Ppattern,, & LCHET L. b, #t
ERFIZIE, FLRNBFIESRL 2w

© 2013 Information Processing Society of Japan

6.3 BFEICED ITEIERE HIE

R T, TEERE T IVICEE S NATE R
P(w;, tj,a) (230 &, HEmx RO R OfTEIER & 5
5. &%“7_/®ﬁ~ﬁogﬁ@%%ETé%n,
BB D WG A ICHEY ICITEIfERE R R TE e E
Abhab, 22T, ﬁﬁ%%&fi W DRI IEE D A
ICHED S L ATENERE TV 2 VT, HEERGORE
BICBIT 52— ot B35, Biihke LT
&, ITEERE T VESRL, e REMOREH v, &
BER t, DITEITER P(w,, t,, ap) % BEEICED ATEIHESR
Ptime,, & LTHINT 5. &b, &y —v AV
BLAL L, RUETHREBRABICOWTIEBIE L2,

6.4 1TEMERBKENIE

TR AT, $efi/ 3y — 21230 CATEbIES
Ppattern,, & WD ATEVER Ptime,, ZHAED
, HEES R BT 2 SATBOITEIER Paction,, %
BT 5. ATEIEEE Paction,, OFMAZE X (10) 1I9RT.

CIT, e ITENMEROMAEEDEALZEL, e DfHIZ 0.5
L7 ST Sy — o LR OAT B R [FFEEE 12

FEEIRETHLLEERTZIZOTH S,
Paction,, = (Ppattern,, x e)+(Ptimeq, x (1—e)) (10)

Z LT, B LATENESR Paction,, P95, wHMEED
T \ATED 2 HEE R R O TE E LT 5.
DEDORN TV OfTHZHETHZ LT, ¥4 70
70T NDHRR 5(7)"] VIS A RN Y — DR TIIAT
A ETELVIBAICBWTY, BEOITHIN Y — %
HTEDBZEITE Uﬁ?éﬂla#ﬁ%%ﬁm’c X%,

7. FAERER

7.1 EBROBME

REBTIE, RIEEFHROFHAMEZERT L2720, X8
VRS EBRETEICHE - T, FHlERZAT) . X8 1%, &Ff
FEBRIC X ) BEET A2 THH 2 BT 5720, X1 L EBRN
BLEOMBEREKIRLEODTH L., TREFNDOFEE
IOV T 5.

HATgEE 1 T, [R5 Y — OB nl OREEE
PES B, R n (&, FAR/8Y — 2 TIVEERRE DX
Fassy — X7 FOVHIE BT, @ FATEER AT E T & E R
LTRSSy — oY bV EERT 2 ERETHETDH
5. BREREZEZETHREMOEREIT) 2 LT, Hexd
L OB OITEIN, EOREZOROITEIKGFET 50 %
HEPICT 5, FHETHER2 T, [HEsy—rnr 52

7))y 7 o) OREEEIET S, BE oL, RS
¥ — U ETVEEBEEOR/N Y — X7 VDT T A
VY TMBTHWABERN Y A5 ) v T OMIETH 5.
7IAYN) v TBMEDEREITH T LT, RNy — ¥

80



WRLRS SR 7 —

aZ~N—2Z Vol.6 No.3 73-89 (June 2013)

'
w E— A / HE R R RS /
SRR B3R D1 R
smE | . BEEELIE =Bl %hEF
rws=r. wai [N e
| 1T BN ALER
= = b33 VA S
i
IR - || s
B/ BT LR O ETHRER
BiE/ Na—2RG8)L &ﬁ/w—?})ﬁg%»ﬁ&mﬁa ﬁ.’:HIMIE
LI “’%ﬁ . —X
B/ \E—2AROMLD &ﬁmg_p_J | fTRNREN I IE |
ISRR) I8 ETIL FHERE:
| RmEMs0E ||| s

n/ HENZEED /
78

8 FEEOUI
Fig. 8 Flow of experiment.

CHEERE L OBREHS IZT 5.

AHEZEER 1 TIE, ITENESRE 7 VEEERRE O KU D F
BEE RIS A 72, FNFNOLE A MAE D TITH)
HeErEIL L, ZORESNT 5. FEHFER 2 T
(&, e R &M R OERTOTE) IS O &,
HEN L — B O E D FETH L D %S 5. 2D
L&, BRI = ORIEDCFE, BEOFHIZLY
S L7e 2= R EATENC 3D { T L 2N O 2 HAA
DETREFLE L ZHCITEIEERELEL L, 2hb
TR 5 2 L TRREFLEOF ML 5.

7.2 EBRWRI-—HVETFXINTF—%

AREERTIE, BETHICHES ATHHEEFEORMEZ
TR B 720, BEAICEE LTS REORH V-

DREFE LT, AT ERNGL—FE Lz, F72
FHEIENC R LR E, AEEEIKE R L7221 —
FORE, BEOITE Y — » ZEYIFETE L W20,
B EDIKELEDL VI —F DA EFRE LT,
IZINZ T, AWFECTIIE L —FOHEMBREZ §XT
RIS 4720, Twitter ZDb D% 7 — F ODIEFG L §
B5APL W27 a—Y) v F TR H S, 22T, K
FEERTIE, 2 —HF L2 Twitter ~NOFEFENE & IRET B
Y—EATHAH Twilog[18] 5, 7 ¥ LIZ 187,178 AD
I—HERFEL, FNOOL—FOREEREINEL-.
COEBREMIT LA, 2—FD 1 HOFH#HEAELE
Bz 15.81CTH o7z LaL, ABFFETIEH 4 OfFadm
HWL 720, 1 HOVPEHEBEEP D v —Faadg e

© 2013 Information Processing Society of Japan

THLIENWETH L EEZ, 1 HOVPHAMEAT 10 74
UTo1—¥2xt@2hle L, Twilog 25 INEL L —
o) b, ULEOFMHICAHT S —H 73,508 AD 1 HD
PRI 36. T Th o7z, TDOZ WS, KFET
&, EEMIC 1 BOPYIERREED 30 R Lo — %
WRICEREITo 7. $72, 1 HOPHHREIE ke
DR E TS 5720, 1 HOFEEAEAT 30 4L E 150
HUTOL—FOrs, EERL—F i EE L.
INEDEMIZ—F L7210 ADL—F % REBRDO R
ELTHRAT A, 77 ANREOBI D bR G —
P AL J WL, s 10 No¥Efa/ Ny — v %5
My 5. PRI -FOMEEZR 4 \TRT. EFTR
DEL—FOEEm»S, BETE O D70 058
?—7JtF%ﬁ%%@%@@l%%—&Jk%ﬂ%?é
BIETEN OB D720 DFE F— 513, WHI—F DL

BRSBIEDN S, FHAEBRD 72O DIEHT — % Z v
ToO¥kGE T 5. Twitter DEIIGRI 7% 2720, BHE
TEIOMBICH VS 7= ¥ HdlH 4 N Lo TRECER
BL05, THNEOENDHEERHEIZED X ) ITHET 5012
DWNThH, EBFHRIV ST 5.

M FEER D 72D DIEMR T — 713, FEBXR L —HAT< A
ruazu ke L7 V‘]ﬁ%ﬁﬁ“(ﬁﬁ? L, WEIR, HE)
B, gEd, Roeh e 2omo & TEc, ELL
SHETE7ZL00REMNE. BTHOERT — 7@%&
V=)V % RITIRT.

- HEH, BEH, FEFEZOM

Hhth, Afd, Feh s FomorEioEmRT— 713

81



IEHRMIPHASH/YEE T —42~N—Z Vol.6 No.3 73-89 (June 2013)

x4 HHT—%
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Fig. 9 Relationship between F-measure and number of hours.
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Table 5 Decision of clustering threshold ‘a’.
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Fig. 10 Relationship between F-measure and clustering
threshold ‘a’.
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Table 6 Experimental results of action probability.
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Table 7 Experimental results for estimating users’ activities.

BeRg g — e (tf-idf) Bl Sy — v LR O A
178 5
STl S GRS S F fi& LER S ERZTRS F fif LiE S ERTRS F fi&

MEMRS | 500 ¢ | 0.719 0.900 0.799 0.767 0.890 0.824 0.739 0.936 0.826
HEhd | 46314 | 0.800 0.674 0.732 0.8 0.758 0.793 0.858 0.706 0.775
gt | s044F | 0.684 0.738 0.710 0.716 0.754 0.734 0.696 0.790 0.740
wHP | 4944 | 0717 0.545 0.619 0.733 0.589 0.653 0.785 0.599 0.680
JRE | 4891 | 0.577 0.671 0.621 0.593 0.673 0.630 0.635 0.718 0.674
DM | 4854 | 0.614 0.542 0.576 0.655 0.606 0.630 0.711 0.612 0.658
ety 0.685 0.678 0.676 0.716 0.712 0.711 0.737 0.727 0.725

STEP 1 #K1—VOHET— ¥ 2w i-elhEEz 5
=2 LT, [TEREETVERR Y — T
VST 5.

STEP 2 HEF—#I1x LT, 6.2HinHkk & — 123k
O ATEERFE I O T (BfRsy —>), 6.3 i
DRI ED CATEVERE ML O T3k (), 2
LTENS 2 00FHEAMEY 5 6.4 B OITEIESRMK
BREOFE By — v LB OMAEE) D3O
DOFHICEY, HEF—5 OB %iEET 5.

STEP 3 T — ¥ OITH) L R —FT 25612
Effed5., LT, ELLHETEFBREZHANT
WA, FHEE FICL ) BT HEOTEHEERE S
AT .

7.6.2 EREER

REBROKREAR 7TIIRT. R7TI2BVT, THEMT

7R ESATE O K FHIFREE O i T b K EE AN 22 o 72 F

e, B, 7o R (tidf) | I, 7.4 5O

FEBR 1 CRHM L 72 AT S LB O fE R (tf-4df) & [H U

fENT T b 7280, 326 DFEUHHOFEBRKER LFETH 5.

KT OEBEREAMERLI-LIA, RIGRT 4AHE DA

Hafg/e.

o WHim/Na—LlBEOmMAEHEEEFEPROSHE
BB EHETEDZ N pr o7k

el — v EEMZHAES T —F o8 fEE T

LARPRETHE, WHEBEOTHHEICERT L L, HWEE

0.737, WEE0.727, FAE0.725 £ 20, EE50H O

RO R E AT T & TR D AEES B> 72,

UL, DR A OB RATE) & 225800 % IR RN

LATHRM OIS T2 EETCE /o0 LEZONS.

P&y, Bty — 2 LATEID L 53 IRERT %

BT —FOITE 2 HEE T A AREFLEOAH M

BB ENTET.

o HigNa—LlBEELETZE, BREICED T
HEDWEEI SN EN DD 51

BFC 2D { RO ERE L, FMEOTFHL0.711 T
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Table 8 Data of other users for detail analysis.

o 1R | TBEH
oy | wem | o | EUL | e | TRTR
m LG
K o | S A 5,738 5.8 26.73%
L B | A A | 16,647 14.8 7.08%
M Tt |t A | 21,181 253 6.60%
E 1.000
fig 0.900
0.800 VAN
X It
s T
0.500 §§>‘4
0.400
0.300
0.200
0.100
0.000

K L M A B C D E F G H I
5.8 14.8 25.3 32.2 32.6 34.3 40.6 58.8 65.7 66.5 83.5 93.6 115.7
a—4
1B OF R
11 =40 1 HOPYHEARE L F e OR
Fig. 11 Relationship between average of daily posts and

F-measure for each user.
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BaEET 57200101, 28D 1 HOFEERREELL 30
HUETHALZEDEF L VWEEZLNS,

D OEBFERICE Y, FERNEERITT 5 2 &7 %
sy = OHRERCIZGETY, BRPRLPEHHETR SO
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Table 9 Relationship between average of daily posts and accuracy of estimating users’

activities for each user.

[ T ITEHEERS R (F )
BERR T | HE#Eh | BB | REh | JmEh | 2oft | Y

K Befg g — 0.783 0.528 0.463 0.240 0.291 0.378 | 0.447

(1 B | FEH] 0.786 0.851 0.515 0.254 0.522 0.528 0.576
Befats8) | At 0.778 0.736 0.585 0.240 0.442 0.529 | 0.552
L Bz — 0.593 0.316 0.324 0.148 0.365 0302 | 0.341

(1 HOSEH | B 0.817 0.561 0.511 0.298 0.508 0.368 | 0.511
BRak14.8) | o 0.733 0.473 0.506 0.295 0.516 0.387 | 0.485
M Bz — 0.500 0.160 0.389 0.390 0.385 0.280 | 0.351

(1 Ao | KH 0.776 0.538 0.485 0.541 0.595 0.588 0.587
Ffak253) | Mo 0.634 0.190 0.495 0.462 0.515 0.586 | 0.480
A B —r 0.831 0.814 0.659 0.627 0.537 0.667 |  0.689

(1 BOYE | K 0.868 0.844 0.786 0.698 0.581 0.667 | 0.741
Befak32.3) | A 0.840 0.828 0.691 0.651 0.576 0.660 |  0.708
B Befg R H— 0.770 0.500 0.619 0.514 0.509 0.297 | 0.535

(1 BOYE | K 0.807 0.571 0.626 0.486 0.569 0.381 | 0.573
Befiat32.6) | A 0.748 0.575 0.656 0.514 0.561 0347 | 0.567
C PR a2 — 0.831 0.771 0.811 0.755 0.590 0395 | 0.692

(1 BOYE | K 0.916 0.926 0.878 0.800 0.655 0.636 | 0.802
Befat34.4) | A 0.845 0.813 0.814 0.840 0.673 0.506 | 0.749
D B g — 0.796 0.738 0.626 0.725 0.630 0.532 | 0.675

(1 B | RFH] 0.839 0.914 0.684 0.711 0.673 0.629 | 0.742
BRi%40.6) | AT 0.825 0.960 0.677 0.759 0.652 0.674 | 0.758
E B g — 0.796 0.568 0.516 0.545 0.479 0.540 | 0.574

(1 BOEY) | wR 0.727 0.854 0.540 0.506 0.549 0.485 |  0.610
Befas58.8) | Mo 0.905 0.648 0.493 0.633 0.547 0.667 |  0.649
F Befi o — 0.736 0.793 0.769 0.500 0.651 0.480 |  0.655

(1 BOYE | e 0.684 0.600 0.685 0.439 0.639 0.506 | 0.592
BRak65.7) | A 0.684 0.732 0.748 0.532 0.724 0.545 | 0.661
G etz — 0.854 0.829 0.838 0.659 0.804 0.696 | 0.780

(1 BOYH | R 0.883 0.883 0.902 0.769 0.688 0.674 |  0.800
Beri$66.5) | fEAH 0.922 0.870 0.907 0.767 0.822 0.764 | 0.842
H By — 0.699 0.500 0.795 0.624 0.642 0.606 | 0.644

(1 BOH | ke 0.715 0.571 0.800 0.686 0.610 0.743 | 0.688
BeRet83.5) | e 0.709 0.522 0.824 0.667 0.714 0.742 | 0.696
I By — 0.821 0.593 0.727 0.583 0.687 0.725 |  0.689

(1 BOEY | wER 0.877 0.583 0.851 0.704 0.696 0.716 |  0.738
Bea93.7) | Mo 0.893 0.522 0.848 0.727 0.779 0.848 |  0.770
J Befii s o— 0.929 0.909 0.830 0.630 0.681 0.703 |  0.780

(1 BOEY) | wR 0.943 0.901 0.700 0.659 0.660 0.786 |  0.775
BRE:115.7) | o 0.980 0.909 0.860 0.645 0.688 0.716 |  0.800
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