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Dataset construction and benchmarking

*

for spontaneous head gesture recognition

Kai Akiyama

Abstract

This study targets at automatic recognition of head gestures in spontaneous
human conversations, for the purpose of understanding human interactions and
assisting people in their communication with others. Most existing datasets
are non-spontaneous and small-scale, with only quite few gesture types, which
makes a gap from real applications of head gesture recognition. Moreover, no
dataset is publicly available for fair comparison of recognition models.

Therefore, a new video dataset is built directly focusing on spontaneous
human-human conversations with a larger scale and a better coverage of ges-
ture types. The videos are labeled by multiple annotators for a more reliable
ground-truth and a better understanding of how humans do this recognition
task. A detailed statistical analysis of the dataset reveals underlying challenges
on biased gesture types and ambiguity.

As a baseline for recognition experiments using the dataset, classification and
detection are attempted with a deep learning model as well as representative
models from existing solutions. Experimental results reveal some important
open issues such as the ambiguity of gesture definitions, differences among peo-

ple, imbalanced gesture types, influences of human pose estimation.
Keywords:

Head gesture recognition, Dataset construction, Spontaneous conversations,

Non-verbal information

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
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E - B [ Turn
O 150 | i H I:' || Shake
- .| Ili =1 Tilt
> |I 1 U m i 'i I H gl ||em Ticks
g 100 : 1 i I I I I I Down
£ I H I . I = Up
> L]
Z 50 I A H I B Jerk
- - S il (= Nod
e
0 |
Sequence
3.5 &Y= VAIZETDHEEENEDNG
250
= I Backward
0 200 - )
9} 3 Forward
=X = [ Turn
= O -
0 1s0f ||= shake
e == Tilt
5% |1 = _ L I m .
o ] [
- & T [ I [ Ticks
35 ot B Hg=p= B ’ = Down
€a i = I I l = Up
=}
2 50 1 I = | (I Jerk
= I Nod
[ ]

Subject

B 3.6 WA ICBTDY—r Yy AdY) OEBEEDNGR

20

7o 100

g

<

>

2 80

o

—

@ I 3 = strong
g = 25

% [ 2 =normal
& 40 B 15

G B 1= weak
c

o

2

o

a

o

j

o

o

Subject

B 3.7 BMBEREIZH T DETEEORI DG, HEREDOWONHIXR 3.6 LHETH D
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Gesture length (s)

Number of gestures
per sequence

140

120 I Backward
3 Forward

100 1 Turn
[ Shake

8 == Tilt

60 3 Ticks
3 Down

40 = Up
B Jerk

20 I Nod

0

Familiar Unfamiliar

3.8 HBRFE R L DR D A I & B FHIREIED 23 A D7

12 B

10 1

Nod

Jerk

Up

Down
Ticks

Tilt
Shake
Turn
Forward
Backward

3.9 BEEREIVE DMk D A
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BA4E FEEEFERFB 7T X LDEH

AR THEREINZT =2y MR UT, SEHEEIEE Mt & 721338004 2 7V

TV ALZHEHL .

4.1 FBFEEMRE

PR DTEIRENERZBO T I TY ALZ I 2 TCIE 3 EEIZAOEL, F4112F &

D5

FIHWMTH IS R WFIETH L. Kawato 5 5] DY TIVE A LD RT X -

4.1 FHESEMERAT VT XL OREE

TITY XL HE 4E Fegon 4

W= R—2 Kawato & [5] 2000

NI R— 2, Anam 5 [21] 2014

Buffered State Machine Galanakis 5 [22] 2014

BN X Paggio 6 [19] 2011 ZeroR

SVM Morency 5 [10] 2005 HMM

SVM Chen 5 [18] 2015

TFSM Davis 5 [23] 2001

TFSM Chu & [24] 2012

HMM Choi 5 [4] 1999 EEEEN

HMM Kapoor 5 [7] 2001

HMM Tan 5 [8] 2003

HMM Fujie 5 [9] 2004

HMM Gunes 5 [25] 2010

HMM Wei & [6] 2013

HMM Terven 5 [15] 2014

HMM Saleh & [26] 2015

HMM Terven 5 [16] 2016

LDCRF Morency 5 [11] 2007 HMM, SVM, CRF, HCRF

LDCRF Ozkan & [12, 13] 2010 CRF

LDCRF Ramirez & [27] 2011 SVM, #EAR, CRF

LDCRF Ozkan 5 [14, 13] 2013 CRF
(AR 2017 SVM, HCRF, LDCRF, LSTM
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EHRYBHUE, HEO NIy F ULV —NN—ADFETHD. N—IIN—
ADETIVGEFEDOWFEIZE RSN, BEEAGE TBRITTIT 26F5E [21] O THW
L5NTW5. TOfth, Buffered State Machine [22] d & 5 IZEARA A 6 FEEHOH)
& (L, F, %, A, ElEE, GRER) &HE S NS EZES» 5T 5 F
ENdsH. T LB EEEHCRVFRE, T4y T ) T—YavE
BEEUBW—F, V=V Tl IR BRI R E B S T — X 2 FHET 2 BEN
HY, FZWERDH D LIEEZR.

R, SEERENEZ Y TV & T E T & o TN 5 FIETH S, Paggio
5 [19] XS ENE D& E DA AN A X% Fv7z. Morency 5 [10] & & U
Chen & [18] i&, W25 DO— YKL [28] D& L EERIZ, Wb S SVM IZ
E2D B IOMEM AR L 2R U,

BEIC, ROEEZ<HWONT WD REKAZH 2K >7~FETHD. K41 IR
T, HEEEEZFKIC Timed Finite State Machine (TFSM) % F\ % fiff 5%
23, 24) LU THRO2 DI 24:TH2—H, Bhx)a7E7T )V (HMM) = H
BH7EIEAR L E 9HFET D, HMM IZADFIZ L D REBEHRITKTFEL TV D
2, HARBREEHEENZ D UZERICEIHAT D L IFZE 2. Lr->T, ke
EFIZH S BT L U TRMAAERY (CRF) X Hidden-state CRF (HCRF) @
FMELTWDHEEZONSD. I Morency 5 [11] 2% U 7z Latent-Dynamic
CRF (LDCRF) i, Z#IZENWVREEZETITE, KDTIT7 1 HVETIV
(HMM, CRF,HCRF) % SVM, JEAE Y EHRKE X3 [13, 12, 14, 27]. 7
72U LDCRF IZEHAREHZH 1 2 BHEEEIZIZE SN TRV /2, K5 TT
DOMREZ REET B

4.2 BRATIZFEOBE

VEREMEZ MR T2V AT LADOME R X 4.1 1I2RT. 22 TIEMEIZ TN TEE
HATIZE>THREINZEDZHAND., 8 MG TE AL E R HEE B & O
WEMHPIZE > TR T —RIZEBIN, 7/ T7—VarvhbBon-EfED S
NV EFITMEBBROFEER TG, %77 AMEADT Tu—FL LT, FED
SHERENE Y 5 ADAZ MR TE S U7z 2 7 5 AR 8% GEERENEDFERE 2 1

16



ié

CRfEcithhit)

KEf (IR 517 — %)

Nod % W///// ‘ @
Down /////// 7////%
Turn ‘ ‘

FIL (HLE) Fritias <\

i
SRR T A D —

(e L ——— |
ik (KR 517 — %)

ifﬁu.M% LB‘E
4.1 GEEEMEME Y AT A OEE

SR PHEIZHENT
AT [ ] P g %%%%
o o

i

-

D D D =
I E—— _————
R8O (KR 51 7 —
SR B P o) B 7L

D FUEICHENT \iz

fEssE [~ ] v B
" % Ll
N (M) e = *
7 Ak L (R 517 —4) ey -

4.2 BHESENERON Y AT A OB

BT HERHATS. ZWET ) T7—a ViZdhzoTHRRZ 75 AD T RN
HHETLIZILE2HFLTND2DTHD. TANDEIZIE, SHHEAR—DTF—X
e ANU, BEEEEZ L OMEMEREZFHMMT 5. NI KVERO Y T ANEHE
UTHRHIND 22U THHIi 2475 2 &N TE 5.

— HEEESEIEZ @ T H Y AT A (XM4.2) &, MY AT ALIZERY) —DODHE
HEMEY Y T UTHE— DN BHRE I NG 720, £ 20 T Adile % AT %
FHEEERATS.
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4.3 FREIEZBOIHE

FTREEMGICN U CHMOMBEBRAHRE LTS, T TREHREZRGGEHET WV
TAYT AV ITFETHD Liace [29] ZfEA L, iR LIZH T 2D X EBE, Y EE
%, A=), EvFM, o—IVf, a—MEHELZ. DR, RS —r v AL
6 BRSOk DR T —2 L UTHY KD,

BE, /M ARET D720, NMBEBZRBAORRYT—2I1X3 7L —ARTERL
W %475 7=,

4.4 FHEEmML

MEOR#E & U T Histogram of Velocity and Acceleration (HoVA) % %5t
U, BHEAEZREBORRI T — 2 IH#EA L 2. FEBRTIE, HoVA RfiE % H\aRw
LD BEZRET —RE AN GG LIRS 5.

HoVA R, WRHT— X O#E - K (—Ms - —WMs) 0X#%
AT S ZENTES. FHIEIEE, B RIRDOAEEBORE - fIHEIZE > T
SR TEDLERLALN, /2, HE - NIHEEZ RO DM & > THRAMEIZ
AE U RO AYATREIZ 2 5. HoVA R E ORI R E LT, vV #ITLHZ LT
TRNVDTNDDDREHFEIND LDIIKDE, AN I LMMEBLUO AN
T LDERBIZE > TH Y TIVEORFO 2RI U THONA MR D EREIT S
nd.

4.3 12> T HoVA FE DM EZ B RS, £9, FRHT—4 x & S
UAdEv=x%KkDd. ZITIEYAY [-1,0,1] DEAAAIZEY —BEMS %
FHRU 7z RIS, BRAIT— R EIE w, OEIVIZHEL, VI LIZEOE Y VE
BLUEOEY VN 2HET . ©V LD v OER, ET /50 I
INd. ZOLE, vOFEHEI ¢ OFLD SR w. BINIZH B IE - ADOERK
%, TEHRV ¢; ORI SDFRHIC L DEEEAEZ LT T, ThEhVE, VNI
Mz 2. BEIZ, Z50THELNZLANT I LAZBEET 2 IVICE > TESET
5. ZITR, ElleleoEgbeqafeL e DIEFIEDOFEEE LS. T80
BRI ERL S W25 F— 2 V. LUV 2RORTHZ 5.
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Original signal V\//\/\\/

First derivative | m _ I — Ikl . =

Second derivative [
\ /%

vy v 2

. VN VN yN

Histograms i-1 i )

42, | | 47| | 42 |

AV, AY Ay

4.3 HoVA FEHIH BT A NV F AL

PN _ 1 v,oN
=3 : 4.4.1
W= 2 (441)
.76{0»1}
WVilly = VR0 + (V02 + (V)2 + (VA2 (442)

DA% B U7 RS a = % KR LTET, AT BEO AT 85, =
BB DY A2 1E [-1,0,2,0, -1] EHIIL 2. SOESIZLT, BRIF—4 x
o, BX w. el eo 4 pEs v vh AT AY a@a. smmiec
BT 3 &, MEEHO 6 ZMTNTIIN LT HoVA BEENGHEI N, Bk
224 BB D,

4.5 HWWEZETI

HoVA FifiE F 72 13D RY] T — R IZE DO THBICME 2175 et 7
& UT, SVM, LDCRF, HCRF, LSTM Z#EH U 7-.
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D0 G
------- OB T
00 000 OO 6
CRF LDCRF HCRF
B 4.4 CRF B&UTORREET IV

4.5.1 SVM

SVM IZHIBEEE T— 2 DO~ —Y VKT 20 UTAS WS
NTHEY, ETNMADBEESHEEINMEDING ¥ A% IST A —2I1ZE > THEARET
HD. HEHR/NIETY Y TV BETIVEDS, A - M5 ORETZ OMERED
RINTWD. AP TIE Linear SVM %, JE7 571 AIVETIVOREE LU TH
Bl - O THWS.

4.5.2 LDCRF, HCRF

Conditional Random Field (CRF, Zff{f EHERY;) 1%, SHLLICESHW
BROGMN SHERERAMET D2 EOMRINDG T T 71 IV TTIVEN, Thk
TV OPDIREET IV (K4.4) PHREINTND.

Latent-Dynamic CRF (LDCRF) I& CRF 6 iR4EL ZETIVT, SEIEIERH
CHEA I NZER A H L. CRF TIREREHIT—2 L UTHRNIZEZ 508 T~
HOREBEEPETMALINDG —F, LDCRF IEZHNITIMATRAVRERICEY
ROV OB RISIREEBR 2 EET T LN TES.

RS2 Tl LDCRF % #higs & UCHWA. Morency [11] 5 DFIEITHE, BR
&> —2r v AINSIERBIOFDLE AEHIOY > T & HH L THE %4175, HoVA
Rz AW 5EDY « ¥V RUIEIX 3, 70VH 720 IZE ) 4T 5 RREEIX
22 U7,

Hidden CRF (HCRF) & LDCRF & [{kiZ CRF % 5IREL, BIERMO 7
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Output [TTTTT] 10

Dense + Softmax

LITTTITTT] 32
Dense + ReLU
[T O] CITTk.  3x64
Max pooling / T T /|\ ‘
X 64
Bidirectional Mframe
LSTM T W . W
nframex64
LSTM Nframe X 64
Input temporal data Nframe X Ndim
\ Nframe “/

4.5 LSTM % HW\ =Rl D720 E TV

DETNEUTREINA., 2ZL, TNVADORWVREOERICEEL TS Y,
TRNVEDOER ZRZZ VRN LDCREF & 272 5. AfFFETIEINZ# g U
THWS.

4.5.3 LSTM

Long-short Term Memory (LSTM) iZHRH=a2—JF )2y v =2 D—FT
HY, BEXRESREDRRINT —RIZHNONLEEDTHS.

Z 2 Tl& Shen 5 [30] 23 8% ¢ % Hybrid Bidirectional LSTM 4% € 7 ) % £
HE 5. AIEROEBEEY VTV E AL 2MBIMENERT 2 1ZHh->T,
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LSTM "D AN WA B EFTH 22 Z ik > TH O A[ERETH & 55—, B
—DFIFERZRD72DIZ LSTM 6 —EDKEIDOH T 2 /B2 HENDH B.
—HIZ, LSTM OERREDOH 1D A E WS HiEX, H12KRORHH M Dk
EEAIXTEEEEZ NS =) V&> TRIRI NS, 25125 LT, Hybrid
Bidirectional LSTM (& Bidirectional LSTM OfEREDH S1& 7—1) v 72 k3
WAOZMHL, DM EZ2M>/~EDTHD.

AHFSE CHEREED AN D - DIZHHINZETIIVAK 45 THD. nfEREDE;
RINT—=REANEL, BHIRT MVIEEERPETEED Y 7 A% KT . Hybrid
Bidirectional LSTM D& 7V OHGIZEFE D LSTM ZE/I L 724, Shen 5 [30] &
FRRICSRESBIC > THARY NV EET.

4.6 FHEAE
4.6.1 KEWREE

SHYRENEZRERTE TV DOVEREIZ AT MG & - CHERR T 5. RAEWREETIE, T—4X
ty bz 2200978y, $RDLDLEERYY FELUTFA ML Y MIREIT
5. FEHYY MIEENIV Y TNDATET Ve EEIE, TAMNEY M
BENSGTVTNVEFHLUTETNVETANTD., ZO—RHO¥HE - 7 A MIHW
bN5T—ZLY NOREE ATV Y MR, T—2ty NOREHEEEZD
ZETEBDOAT)Y h2ERL, EATVY MIODWTEY - FAMETFY, T
RTOEREZBRELTETIVOMREZ IS,

IHIT, AMETIRFEEHEY M- T AMNHEY hEThEN2 DO T Y
MIRHETLHEEZHNS. FEMHLY b (‘training set’) 8L TT A MHE Y
N (‘test set’) Mo, ENETN—EWD Y > TIVIW “raining-validation set’ & & O
‘validation set” & U CHliii X115 . training set TFEH U ZE T NVIEE T training
set B TTARMIN, ETNOFEET —ZAOHEAWENFHIND. RIZIDE
7 )VI& training-validation set T7 A NI N, FEICHNZED LML 2T —X
2B D INAEMERED i X 5. X 512 validation set TT A NI, HWRHRT
ANMIHAWZEDLEHEMUZT —RIZB T D NERENTIIND. ET VDS
T A —=2EZ O validation set TOT A MERZEEF A THFHBIND. HEIC test
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set TTFARIN, ZHIZE o CHREDFEENE XN D,

ATV w DA TTIEIX leave-one-person-out & 3 5. RO E KT DHERE H
BN REBRS>TVWEMGE T A NI LUTHEL, TANHOWBREE2 LXK
MO A1) N&EAERT . training-validation set ¥ & U validation set & U T,
TNETH training set & & U test set 7 5 SHIBEIEV R B BB IZE N5 WA % il
U7z, ZDOL X, test set IZHEENDHUEMN 1 RDOATH > 254613 validation
set ZHHT IRV, Tzl 5720, EEOMGIZIERS TV S HERE DA
AT ANAEUTHATS. 7—2% v MIXAEFH 14 AOHEE SR I T
50, ZOW4NE 1 AKDOBFIZU PG INTH RN, #EREUTATY Y
~ OEUE 10 I 72> 7=,

4.6.2 FMERE

VEREZ B9 5 720D RE L U T, Bt OPEREFEAM 213 PR #HI#R (precision-recall
curve) B & UF AP (average precison) %, Al OFAINE & UTRETHE LU
accuracy, F-measure % i\ % Z & &9 5. F-measure I, accuracy & (521,
T=ABDRMERY) DD 2 HEITE ARG E S5 2 5.

PR g%, B - AR 2 XAl 9 5 BEZ 2372 & D precision & &
O recall DEE %2 75 7IZRLAZEDTHD. HEKNLKRELETIE PR iR
precision = 1 DEfRE 2 %. AP 1 PR HiffOBEMETH 5.

4.7 SRERFER
4.7.1 MRHEHDFER

WERFHE UTRERZ SVM 8 LU LDCRF (2 k5 tMgE%2 PR fhifgd L O
AP T 4.6 12T, wEY Y TIVENE D572 Nod DMHEMERED E &<, KA
12, B Y IO Shake FIFIEE IR WFER & o 7=,

23



SVM, Per-frame PR, training . SVM, Per-frame PR, train-validation SVM, Per-frame PR, validation SVM, Per-frame PR, test
1

Nod (0.3781) Nod (0.6884) Nod (0.4026) Nod (0.3652)
0 —— Jerk (0.0392) 0 o Jerk (0.2216) 09 Jerk (0.1119) 0 o Jerk (0.0263)
0.8 Up (0.0427) 08 Up (0.0025) 08 Up (0.0186) 08 Up (0.0129)
Down (0.1651) Down (0.2615) Down (0.1620) Down (0.1619)
07 Ticks (0.0828) 07 Ticks (0.0000) 07 Ticks (0.0349) 07 Ticks (0.0363)
Tilt (0.0602) Tilt (0.0056) Tilt (0.0140) Tilt (0.0221)
c 06 Shake (0.0001) £ 06 Shake (0.0001) £ 06 Shake (0.0035) 06 Shake (0.0060)
o Turn (0.1936) 2 Turn (0.0000) o Turn (0.1948) o Turn (0.1771)
205 Forward (0.0305) 205 Forward (0.0000) 205 Forward (0.0378) 205 Forward (0.0129)
£ Backward (0.0095)| £ Backward (0.0000)| £ Baciward (0.0007)[ & Backward (0.0027)
0.4 Overall (0.1390) 0.4 Overall (0.3671) 04 Overall (0.1451) 04 Overall (0.1226)

03 03 03 03
02 02 02 02
01 01 0.1 0.1
| e e
0 0 0 0
0 02 04 06 08 1 0 02 0.4 06 08 1 0 0.2 0.4 06 0.8 1 0 02 0.4 06 08 1
Recall Recall Recall Recall
LDCREF, Per-frame PR, training LDCRF, Per-frame PR, train-validation LDCREF, Per-frame PR, validation LDCREF, Per-frame PR, test
1 1 1

Nod (0.3764)

Nod (0.6038)

Nod (0.3389)

Nod (0.2843)
0e —— Jerk (0.1141) 0e ——— Jerk (0.2442) 0o ——— Jerk (0.1227) 0 —— Jerk (0.0482)
08 Up (0.0489) 08 Up (0.0327) 08 Up (0.0325) " Up (0.0228)

Down (0.2993) Down (0.2588) Down (0.2711) Down (0.2630)
07 Ticks (0.3575) 07 Ticks (0.0296) . Ticks (0.2262) 07 Ticks (0.2050)
il (0.1642) Tilt(0.0834) il (0.1098) Tilt (0.1247)

c 06 Shake (0.0133) c 06 Shake (0.0056) c 06 Shake (0.0040) £ 06 Shake (0.0025)

s Tur (0.3352) ] Tumn (0.010) S Tum (0.2384) s Tum (0.1867)

8 05 Forward (0.1165) 305 ——— Forward (0.0037) 305 ——— Forward (0.1415) 205 Forward (0.0426)

g Backward (0.0360) g Backward (0.0000) $ Backward (0.0222) E Backward (0.0187)
04 Overall (0.1027) 04 Overall (0.0980) 04 Overall (0.0877) 04 Overall (0.0756)

03 03 03
02 0.2 02 0.2
01 0.1 0.1 0.1
0 0 0 ok
o 02 0.4 06 08 1 o 02 04 06 08 1 o 02 0.4 0.6 08 1 0 0.2 04 0.6 0.8 1
Recall Recall Recall Recall

4.6 SVM & & U LDCRF IZ & 5 iitEaE % "9 PR #ifR. &2 7 DM
H DT F average precision (AP) Z/RL TW5

4.7.2 FERDER

SEERENEFRERIC B 2 EF D FIE L LT SVM, HCRF %9 21th, #E¥2H
W& D FHEEUTLSTM 2#EH U, @Al %2 F-measure THIKY % & 4.7 D
E2Z 8o/, VI AMTY Y TVEORY RRKEWd, SVM TIXFHEIFICE
AET 2B EEAU 7205, ENRMERE RiIck £ 572, HCRF, LSTM % W
7256, training set (2X2 70 —AXRFT A MU TIIENRH EIZE EE o /2.
772U, HCRF & LSTM TiE#E 7 — R I T 2 ETNVOEEMEN SVM &V &
Moz,

HCRF & X' LSTM 12 & 22DV, test set TT A MNINZEGEDERS
1751 % B 4.8 12779 . Shake (DWW TIF L HERBRICHNZNRY, SV TIVE
DHZNT T AT B MREIIMEA o 72, UL, BEBHEITHBILZ Nod 12D
WTIX 08 2ZZA2EWEER2E5 2 X TE/~. HCRF &tk L T, LSTM T
X Nod 5L Up IZEWTHEMERLZ—K, TOMD I T A TIXMRENA E
U, §4bb, LREHOIEIREIEL RIS 51k, LSTM O f3MENT WS
EWAD.
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1.0

Il Training set
B Training-validation set
0.8 . . E
1) I Validation set
—
S [ Test set
D o6t i
e
©
()
Soat ]
—
()
>
<
0.2} B
0.0 .
SVM SVM(weighted) HCRF LSTM
B S )~ = M £
4.7 ARl & S Re
HCRF LSTM
Nod JB¥1J.015.000.010..050 .013 .006 .012 .004 .000] Nod || .000 .011 .047 .040 .000 .003 .002 .000
Jerk (374 000 .000 .048 .032.016..032.016 .032| Jerk 016 .000 .048 .032 .000 .000 .000 .032
- Up 000.200.257 .029 .114 .000 .000}:229 .029 .143| Up |.086 .229 057 .029 .029 .143 .000 .114 .029 1286
S Down 132005 .000[BY.037 079 .005.132.037.005) 5 Down [127 .005 .011 [ERT 069 .058 .000 .090 .037 .005
; Ticks [:170 .025 .014 .036 {s¢4¢].047 .014 .039.017 .008 : Ticks |. .034 .008 .045 Kepde) .028 .000 .067 .014 .000
S Tilt 216 .014 .020 .135 .061 .264 .027 .203 .047 .014 S Tilt |. .088 .014 .196 .061 .000 .162 .020 .000
8 Shake .167 .000.167 .056 .000 .000 .167 .000 .000| 8 Shake | .222 .000 .000 .056 .222 .000 .000 .000 .000
Turn [.064 .030 .026 .111 .106 .149 .009 484 034 .038 Turn [.064 017 .017 .123 .081 .162 .000 [ERE] .017 .021
Forward .161.000.000.194 .000.226 .000 .194 .226 .000 Forward |.161 .000 .032 .065 .000 [1888| .000 065 1823 .000
Backward {043 174 .087 .087 217 .174 .000 .130 .000 .087 Backward |.043 .130 .174 .130 .000 .087 .000 217 .087 .130
> N R
NECE 6@*@ & (&Q,@’@@@’ & & o O @@Q,@
< o <© o
& <
Prediction Prediction

4.8 HCRF & U LSTM (2 & % #lkE ROE ST

4.7.3 HoVA BEH=E0a%H

HoVA R E %2 U/ 4& L, HoVA RfE % it 3R E R D E
TR EMH UG E CTHEHANEREZ X 4.9 ITHEEL 2. WINho#IEIcs T
HoVA itz % FW 72358 DM F-score D@ < 2> TH Y, BEIMEBERGRIZE W
T HoVA FEENET =R L DEL TWE Z LRI NT.
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HoVA features Raw data

1.0 ‘
Il Training set

g 0.8} 1 |IM Training-validation set |
3 I Validation set
uw 0.6 T [ Test set
o
Q
o 0.4+ T R
o
q>) 0.2
< 7 1 - Il i

0.0

SVM HCRF LSTM SVM HCRF LSTM

4.9 HoVA K & 47— 2 TOEMMNERIT & 2 anIM:6E

4.7.4 LSTM I[CDWT

4912832 ET—ADKRE RS L, LSTM O#HMEIREENTNS.
UZoT, BEEDORIZE>TiE LSTM WE#E L 2E T IV Th D i EEMEN
Hb.

LSTM DO%#EIZEIF 28 AT Y T TO accuracy DB %2 7F 7120728 DD
4.10, BLVEEHLEZ NIV ESHELZL DMK 411 TH D, HIHITET
VINERIZIPER U T2 2%, BE TP E TIZREA D> TnWd. /2, BED
E 7 VI training set PAAND T — X ANDPACEEDMEN AR, FE T — 2T
L EMNEEICE LS, TaRY Yy TIVERHNE, LY EWEREER RSN D A EE
MDD D .

X 4.10 IZDWTC, test set ZH ATV Y MIATTRUZDMK4.12 >TH 5.
AT N, TROLBEINIWREIZL>T, MENPKILSEAIND Z W
5. BEHEEDIENBOEARZI N LIX, ZOFKRIZEENTVD L NZ S,
7E, Mo LSTM BHDE T IVIZOWTE AR E PRI -,
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1.0

aak/’fﬁf’_’4*7
o6l — Training set
© — Training validation set
8 — Validation set
g 04r — Test set

0.2}

0.0 ‘ ‘ ‘ ‘

0 20 40 60 80
Epoch

4.10 LSTM 12 & 2K E DHER. Accuracy I$T RXTDATY v hDF
YZEE->TW3

1.0

0.8
306 — Training set
© — Training validation set
8 — Validation set
o
< 04r — Test set

0.2}

0.0 . . . .

0 20 40 60 80

Epoch

411 FEEREEHIFELUZEED LSTM 12 & 2 i 5H E D #eR

1.0

— Splito
08 /J‘N 1| — spiit1
/f:// —  Split 2
> 06 / 1| — split 3
e |/ Split 4
a Split 5
K 04 ] Split 6
Split 7
02} 1| — spiits
— Split9

0.0 ‘ ‘ ‘ ‘

0 20 40 60 80

Epoch

4.12 LSTM (2 & % test set DRMKEIE DOHR
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BHE BbYIC

5.1 BALDICR > 7cERRE
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