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Abstract

precision and high detection speed, the training procedure is much more slowly especially when the number of both sam-

Although AdaBoost-based object detection from image/video dada holds the characteristics of good detection

ples and feature dimensionality is high, With the aim of efficiently improving the training performance, this paper pro-
posed an algorithm called SC-AdaBoost. Experimental results for car detection based on VOC2006 datasets show that
when the number of training samples is very large, the proposed algorithm can evidently reduce the whole training time
without loss of detection performance.

Keywords Training set shrinking, SC-AdaBoost algorithm, Support vector machines, AdaBoost algorithm, Object detection

1 518

BRSO AT AR AT A WS B iR 2t
BYM RSN —TMERRAR, ERSEE. 53 BARIR
NEFREEEENNAME. HP XTSI RNIRS
FERERIIVERE S BB B S ZE B R s B A i
W 2R, B BB KB F R . BT boosting 87
U3 T 37 35 18] B AL (Support Vector Machine, SVM) #
FEENE,

AdaBoost £ boosting H AR g~ BN, BEA
ROAS I 75 T &%) R Th B FC 2 BH , B ARASE I S 3L TIT A (6 4G 0 45
EBREE, R RN RS T HEEmR. X
BHRERSRMA T B ER A BMNEEE X EERE
. EREVISGHE, HUIGFREANER T LR EIFELEST
Bt ANOGE IR BRI, T AR R BN

B H#9.2014-06-23 i&4E H . 2014-07-27

FNELBTHERNBEN M. Lo RN . HAKE
K AFEERCT B R EHF B AdaBoost Yl gt BRI # 218
KRN ERRER. ZRHYIguE R SERE B ink il E L
X BB RIF G X —ERE EHZ9T AdaBoost 43238
R A, B A BRI AdaBoost VIl 3 72 Bl ok 7
x.

TR AdaBoost Yk BN ERERTH, HH
FE A2 ] LA AdaBoost B Il ghid 72 : (1 KR &1 845543 2%
FUNRAT B R R A SR A (2) FRERFAE R AE— /MY
FMETHF.

SVM £ —FEFHH 2 I g™ M5 5 ik, Bl
TESEH R B /MR, E T 2R78 Bl KM PR 2588 LA
BIREIHERE S . SVM S RHBABATHRIE K F- AR
AIGHARS S HXIBPRRFAGN . N IRIBER
BETTER B RAR L o PSR AR /D L B SRR &, 3% BAEX

AAZERARBFESTH . ShES QBB 5 R A 7K B 7 3845 (11301137), Spiking #

ZRETERS VLR AR B H PR R AR (61175059) , TR 3 RE VLIRS 1 R BLh A B 7 15 (10926179) , JAT b4 B4 S i+ QIR B
AR B IS A 5 (10243554D), 2012 4B JL TS A2 N I FF R 2t 4 % B .

KRR (1969 —), &, 19+, BI B, FEB R 7 1 E B AL HE AR5, E-mail; zhangzhaohui_hbsd@163. com GRS /EE) s 0l & B (1983 —),
.t TRIG, EEHES R RFRRAE FRREAS;E  WA989—), &, B4, FEPF T My B R B 5 R 5,

» 309 -



FEEPOREMEAZRABANGHEAERESLAR.
BE i, ZREAE AdaBoost Il 5 Z §ii & B SVM 43 25 88 B9 YNl
%o NRIR N GREARE R RBOT X FEETMIIFE,
LA st PR A1 451 55 43 S 88 N 0 BT (8 F B A 4R AR, AT A 3
W70 AdaBoost Yl ZkATE] A B B, il , 430456 BRI
o AR R AR B I R R R, B 1 T — M & F SC-AdaBoost
B M BRI A, BRI K Bt S miR T, i A
& BIINGRRE AR B BUESE , IR AdaBoost Ml gt .

SC-AdaBoost HIEH & KRBT X BN E RIS WA B
B FRINGHAERAERER L IE TRAEREAEN Ada-
Boost YIZRMr B, (1D TERIRHEARE MY BL, 5 8 SVM 43
BTG, B2 XRem B i — 4, L SVM 425 | R B
5 R B (6] 4324 8] R 64 P A AH0E BE SE 18, AT IR BOR B IR
RHAERNTFSHEE, UEHBSEREARBFT —HE
AdaBoost YIZRE B EREA S . (2)7E AdaBoost JIZRHTER
PO AR S RS I BN BB K %85
SRBEELES, B -PRIER. AR TRHED Ada-
Boost YilZr =, AT AL %S B AdaBoost Il ki
AERET SVM X, R F RS EWHEB BN,
FH 24 S0 B 45 48 7 SVM-Condensed AdaBoost, & #} SC-
AdaBoost™¥

A3CH 2 TEE SVM o (R M B4 R, 5 X
M, KGR A RIS R R 5 3 Wi
Ak SC-AdaBoost Bk 8 4 WRERRER I BEE
e,

2 ZHERSEABEXFER

B x={(zr,y) 0 (anyn) YRR BN GREA S KA,
L ER REEEBA,y. € {(— 1,1} HEALBIIRIE, i=1,,
N. #F C-SVM 43323 pYl gt 2R =l (L B MR 8/
RALBE .

iy (' + w +C(£8)
L[yt —1te<o o

£20

Heb,g(x) BRIRE MERERRA o R =B H);
w N YEFIE S B Ay 4 2B AR B0 AR E
HRER;BSH C>0 RRATFEMEAESBENENRA
T HAEE A, FH SVM 4328288 VIS BE WX Tl gk 4
EORENME & BREEBEASSTSIANMNBEF,i=
1,2, N; IR BHE R N,

&8l Lagrange 454 ¥ {8 s, AT % IR 4R ) 155 4k D =R
(2) B ) X8 e B,

. 1 N N N
mm—g Z:l _z:la'iajyiyjK(Ij * 1,‘)‘_2‘41%
a 1=l= 1=

N
s. t, glaiy.'=0,i=1,---,N @

< <C,yi=1,+,N
He, K(xy » 2)=($(x;), $(x;) ) Fg B YEAR1E 23 (6] 9 N FRAZ
M. RARKIE, 53] Lagrange e F & a=[a1+->san 1"
MR « =|:af yottsaN ]To
R A- X EREER, AT RS R AR v b WEWT
9&%\:
+ 310 -

N,
W' =2a yi$(;) &
N
b =ﬁ] ig}[y,- —jga;yjK(x,- * I.’)] (4>
itq:»U={k|k=l,"‘,N,#HafG(OyC)}o Eﬂtgﬁﬂi_t??g
FIH FE
glx)=w" + ¢$(x)+b" =_4ia,»’ y;K(z;,x)+b" (5

&8 Lagrange e FBMM o =1, N) AR HUE,
AN GRS A o RN INTF 3 R/,

(DF o =C,MIIHHAE « #HE y.g(x)<1,3#H &>
0, FF x: R A XM & (bounded support vector), H
0<Z& <<IR, RV GRAE AW IE A 20208 s B sk 47

(2 o €0,0) , MINGFHER « W yig(xz)=1,3H
&=0, BERY x BLIERASY S, BRZAEA L T 43 285 (6] B 15 0 1
W w” e pla)+b" = 1, XA GRER e R 32
¢ 5 & (unbounded support vector) &%, B B 3 3% W) & (free sup-
port vector)

& o’ =0, z; WE yig(x)=1,3H &=0. Mt
z; WIEH R 2 XA R,

SVM G THMHREEXNEL . §X. T X
ZRYNGREARIT NN o EHIIHF, B scRem & R Ll
MRS, 3 B X FR B P RERNEAR L TR E;: 5
sk, 2 (50 Brm i3 9 R B B R B, Yl SRk A o R S i
ERAEAER SR EA X R B YR E A R
Bk, AU EE SC-AdaBoost B i & 7F AdaBoost i1 %
Z R0 {58 SVM a9k, FE NG A 4R vh F 3R 3 et 18
EEETROZRME, AFIRE AdaBoost Y| FTEHEAE
HEREN.

3 SC-AdaBoost # iR

SC-AdaBoost B #i it HARgt 2 ARk B in il v
BERIRTIR T , 3R AdaBoost Y 2B A PERE. B4 SC-
AdaBoost 34 RV ST LITBEB N FEWER 55—
BLET SVM IR BN ERERAEWEG S e, &TF
WaERE A B AdaBoost Il Zk. 3.1 ¥ #1 3. 2 F 43It SC-
AdaBoost 32 NSRBI B B AT RAR, 3. 3 A H
F SC-AdaBoost 3843 25 2R RIR 2 KB VNG TR,
3.1 BEFSYMEHEREINSEHEEERR

XEAF TAEXTN T SC-AdaBoost Il 2 R 4958 — W BR.,
By kR TFEHBIGEAREILE SVM, 18 2154 51 & %
g(x);—# , BF SVM XM &, MR IR B AR PRI
SIS M AR R

BAGERIMT .

Stepl AEFBINGREASE ;R e LERY
BB 0,

Step2 HaEBEEHE R EEE YNETSE C k%
RS

Step3 My H SR INR (2) Fraa s S kLRI 7 2T, 1§
Ba =lal »ati ],

Stepd HKIFBRWITHE 6.

Stepd HTERTF SVM HIFR4rIEHE - , 52 0 (5) B
REVH B R g0 .



Step6  HTFHBIRB B K RIRY RS H o MR IHH
AR X P REGR YIS BB B AR X,

n= {(x; ,yi)EXI (x; ,yi)ﬂilj’i%f‘-ﬂ%,ﬁ% 1<.’yi ¢

glz )<1+e)

ET ERSE, TUBRRBVGE BT
A —FAKE SVM YISBBIRK AR, 5o RE
ForAERRY RS BTG
3.2 ETWHarE A %A AdaBoost il £

XA THERTREF SC-AdaBoost ISR RIS B, &
FUHEREASE X, #) AdaBoost Y| BRI

Stepl MAWHERFERNFEHELE X = {(xHrm),
ooy (am ,ym)} vﬁ':F‘ Vi S {17—1} oy.-=1 ﬁ“ﬁﬂiﬁﬁi,yi =-—1
REHHEAE,

Step2  AIIAALITE S GREA AL £ B =5

o7 EP m I HHHNE SEESEE m+I=M,
Step3 For t=1,+,T:

(3. DI AN BAEAAE s

W,k

(3.2) For j=1y"'yd:
ETRU/NMER B RN, VI GRELET 0K by 3 LR

B w, A R RE N & =5 S |y ) =i |

WL 55402588 by () BLIEERE £ BME 6 AMBRAEXFTHH
Pz
[t Epifi@<pd;

hj(x)_{—-l, ﬁ'[:: (6)

(3. IOMER d MEEFAEFTEERETR/MERER
BIF R BE N MBI RS KA.

@. 4)Eﬁ%#$ﬂi We+1,i =wt‘iﬁ,1"’i °

_ {0, WM ERSK

ﬁ‘q:’v,& 1_61!#5.31 {1’ E‘I}—w

Stepd A BRI

T T

1, tht > 't

H(:c)={+ Hochi ()2 Za )
-1, K'E

Hif,e,=log %

3.3 #Bk SC-AdaBoost #3881 %

B 3.1.3. 2 BT R A T B Bt TAR vl 49 jf — 7~ SC-Ada-
Boost #4388 89 SE 8N SRt B2, T A F B AR Ay 43 26 28
MEHBBIEBRENR. B 1HFRI—1H LK SC
AdaBoost 384 26 28R 8645 20 B AR U R 48

(§C-AdaBoost Yy—(SC-AdaBoost DL - —’I;@C-Adal?oostl)%“?b@
3F ¥F ¥F

/ ERNEER /

B 1 ETF L% SC-AdaBoost 4K MEEREHIN B IR 28
AR B R P R AR UN SR RAN T
Stepl RESH: BB LEBHBRBRAE fon &
RARINHR i s HER ST R BRI B RTT AT BIRIRAEK Froo; B

SR IR A KBS L=im<1l%§—§—:: +0.5).

Step2 HIABBRREAE . EREE m A, AREA 2 4,

Step3 BRRUIGIRTIER.

For t=1,-,L

(3. D& 3. 2 gk~ SC-AdaBoost 38453258 H, (2);

(3. )% +<<L, IS 1 +1 BB BBINEIFE NS
£ . A THINCKNSGTRMET ¢ $584r%% Hy . H B
B, W MR AR R HTINR, RRERA MRS IR
TF bootstrap AN AREA , HR AR QHN .

Stepd {REHYIZRER.

4 LWESH

FAEA BRI T, R T 2 F SC-AdaBoost 38
SPAERREL W BARRI R 45 A — AR &R/ 5 B
PRI ——ZE R . S RTE 4 AdaBoost 1 B SR I
AT T HEREHRER .

4.1 BEXYESXIHRER

MEFLEATINEGE, EEAEH CBCL, CMU,
VOC2005 i iR E I ik 4, 3t B A TR, 583kt
1299 15 128X 64 I v ; T ke A4 2L 2800 18,3k B UTUC
EPHAREAERAIAENEMASEHERNE A . W
RN CMU EESP IR B VOC2006 HEEA B | H AR
IE RS E 43 518 348 18,2068 1R, FEAI4RTERIAR R
H T #7748 HOG(Histogram of Oriented Gradients) I 4%4F ,
ER-METEGBEETHARRHAE AT —EHNEY
FR: BT HOG BREERG R MM AT EAEHE, X
FRERR BA L 56 BRA M, B B AT L iR it R R
I BAMIA T AU, METFHELE. HTRF
TEA AR XSS ST, AR 8 HOG $F#1E 2y 3780
4%,

BT EHERN RGP A TR E RS IEE R
B E it SC-AdaBoost 5 43 25 3% Uil 4k i 55 — WY Bk &R 1
SVM, MM RN Kz 2) =z » 2; 3 HBE“D LK AE
B GYN G AR B EBAR” Y SVM B 4 28 F 1|
WRESREISEE, BRSP4 —REEN S8 C ARINE
1, BERERAE VC+-+6. 0 528, £ F LIBSVMS, o143
ekt SVM,

LW PREG R BIH R AT RIFRHAENR 0.5,
BRI g 0. 995 LR Bk A3 JE R SR A 2 SR B 12,
4.2 HR5HH

ERNEFRRE  RYOR IR MU GRS 3 R ER A
REBMNAE L BM LIRS, FAEZHYEE Intel(R)
Core(TM) 15-2400. %41 3. IGHz, HFEX 4GB WE XM LiE
7,853 mE 15, RPFHAHRBrLBFEHEAMAR
HRETHEN,FEE—REBIEBOIEHREHRER
fRARIM 2R 0, 995 HIRTIR T , LURFIZAH 0. 5 R 1L HEN,

BHE 1B GRS EIFAINGRT UE 7R 2 Bt
BEWIBIERE T , X5 F SC-AdaBoost 34K 883k FEEY RS K
e (HAYRE N, I Srat )& BT, 41 BLSR A K 2R MBS A 88 8
¥ H A A [HAEN T£4 AdaBoost Fik,, SC- AdaBoost
BN ZRast () B B2 . 522 e=0 b, SC-AdaBoost |

o 311



ZrrpET SVM il 5 2848 B ARG U 48 R AR (A fh 2 # i B ok
E - YN 2Rt B R, MR T 4548 AdaBoost e, ELll gt E] A
1280. 422s 7] R FWE 100. 682s,

#1 SC-AdaBoost 558 AdaBoost 533 28I S5 5 M KRR L2
$RESRE

i R

we T wE Twax G0N0 G b
SC":‘E?""S‘ 100682 4 101 0.12  76.72 2.31
SC::%"_‘%‘;OS‘ 111.555 6 N2 Lz 75 2.3
SC'EA:S.B;"’“ 210.943 8 125 164 6293 2.78
AdaBoost  1280.422 4 62 3.66 5718 0.7l

XoF TR AR N GRAE N, R SC-AdaBoost 2%
BRI 2RAFH T KR B B £ T1E4 AdaBoost B AIEK
BRATEER H AT B ey gRef R R R ZE R T A5 R 4T B
B We=O08F , BM—1 12 Zk SC-AdaBoost LB 4y F 25 5
{UUREET 0. 12 /B, 3 37 20 F % 2 IR R: 38 47 B9 15 48 Ada-
BoostZR ik 53 252511 2 57 FiAT f8) 3. 66 /NA .

KR A TR 5L AdaBoost 432588, AL SC-Ada-
Boost BT I B IR BN GEE.

g 1 BSEBH R, LI E T R 4 S X R 4r
AR EREI T 3. AN FAE S AdaBoost REEAF KA
i, SC-AdaBoost FEL A KB AR P BIEH LT+, (H4r 25
HEREINREEARBEAES. 5300, 49 RBSK
e=0 B}, R4 —%% SC-AdaBoost 384} 58 48 B (i e 45 4
KEULAE SVM BNGR BN X, BaL8e
MBARKR T 15585 AdaBoost 432588,

B TFFER I M 88 _E MR L, 22 F VOC2006 #F il i,
B2 %] T IR 425889 ROC gk, ini 2 R, mE 2 7
LAE 2T SC-AdaBoost B KB MR EX S E T
Adaboost Y GRERINE RE— 3 B R R R b, 55 S iE%
VP REBH AEENSGENHBELTFEE. FLL BT SC
AdaBoost [ B FRRII 2R S5 7E B8 CRA 0 M BE RO BT IR T, I g5k
B BB TS B T AdaBoost BIREEST S,

1p-

09 o

s
[
06 - e - i
o5 e
04 !
03,
0zbo
o1

—'-’SC-A;ilBoos.Lfli #=0]
| =% 8k AdaBoc

L2 k2

i
Y0 01 02 03 04 05 06 07 08 09 1
#

& 2 SC-AdaBoost 514t AdaBoost k435459 ROC 2k

4,3 HEEHRESH

HUVNGHARE R N, BEARES RBECY 4, BN %—
A T 55402588 H 1B SC-AdaBoost 384y 2 8% , BT #ERT 8]
FEEUERDME - E—PELET SVM 5w JF ik #
AREWG , X —Br B FER FEEH SVM I g M. M
RIATRIEE 24 B O(N) ~O(N*2), LIBSVMI™ 1 3¢ T xH#
AR BB R ARG 4E T SCERL 12 )P st B4 7 51 B /MR ( Se-
quential Minimal Optimization, SMO)4M& 75 &, #1485 (2) fr
AR B B AR RBCR SR, X TRt SVM N4, Hoed
A BRI O(ND 3 55 B B 2 F IR BE A £ Y Ada-

« 312 -

Boost 33 NER. EHE—M BB MK ERAE N M=
LeNJUX—BRITTEBIERENO(T « d « M) =
(T =d~ 1%« NO,HA 1€, 1D A EEAE LT HEB
GRAMAESL, B TWEREATERA SVM B4 5
B X Fm &, AT T — BB 2R BT A 0 R R VI R ke 8
AR/, O0<F 1, R AEYE AdaBoost 43248, MY —4>
i TANSS 23 48 B AdaBoost 38432588, Fr B ot i & 2
BRNOCT «+d -+ N*), EWEFR: XTF SC-AdaBoost Y| Zh#E
B, BT SVM BN FEEREREHBLSSEHI N
YIgRatE a4 B R EN B R T SE NS, AT Ada-
Boost YIERAGE fal H 2 % & B B R £ 4 AdaBoost 1 45 i
ENEIEAEOT d N) BEO(T+d- P+ N ,iX&
IRt ) LA A, R AR X T AL S A 48, ] A
KWW E R R . E X T RS gAE A & i, SC-
AdaBoost 43 285N 84 1 83 B 2> T 1588 AdaBoost 433588
BrNgiad e, SERRUIGRL iR o, BB 2R I M RE 4L A 4 2
#%»SC-AdaBoost TEM I LM EHEL T4 4 AdaBoost
RRBIT T AIEAREE H LAY gt a1 aT LA B wb .

ZRIE ACHFTES/MFEPRT A BN R
GERIFER I T — R T SC-AdaBoost 4r KBS B LR BIR)
SC-AdaBoost Bk ML HAE T . (D VI ghat b, B & i
SVM T3 26, SRR IR VIR R E AT KA B E FE A
TR E, R MRS T AdaBoost YISk M SR A
BN TGS, B B o T U1 g, 55
72 24 FAA YN SRE 2 B FLAR HL 482 AR, SC-AdaBoost B 78Il
gt a] b AR R SR AL B T N B 5 (2) L SC-AdaBoost
FRSIEF BB E G, B MR T &5 AdaBoost Z Bk
SAIFRMBFR ENEESRE . EEANAEREL
BESLEBE T SC-AdaBoost Bk 8T 174,

Xt EG /SR IAR A EREW ERE RS,
RS AR RRE, ARSI b B R, B
TE SC-AdaBoost Bl kBB R FIZR M SVM SRBUK A HE AR .

ANRTFEHGENREN TR, REDBEILEET SC-
AdaBoost 384T S5 Y KB, BT LLTL . XS Bk — 2R
1k, 338 B2 5 R AR S X BREE T H— SR B I%
HirmtEge .

& % X W

[1] Viola P, Jones M. Robust real-time face detection [ J]. Interna-
tional Journal of Computer Vision, 2004,57(2):137-154

[2] Lienhart R,Maydt J. An extended set of Haar-like features for
rapid object detection[ C] // Proceedings of the IEEE Interna-
tional Conference on Image Processing, 2002, New York, USA:
IEEE Computer Society Press, 2002

[3] Zheng W,Liang L. Fast car detection using image strip features
[C]//Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, 2009, Finland: IEEE Computer Society
Press, 2009

[4] NegriP, Clady X, Hanif SM, et al. A cascade of boosted genera-
tive and discriminative classifiers for vehicle detection[]J]. EUR-
ASIP Journal on Advances in Signal Processing, 2008, 2008(1) ;
1-12

[5] Han F,Shan Y,Cekander R, et al. A two-stage approach to peo-
ple and vehicle detection with HOG-based SVM[ C) // Procee-
dings of Performance Metrics for Intelligent Systems (PerMIS



2006). USA.: Springer, 2006

[6] Alonso1P,Llorca D F,Sotelo M A, et al. Combination of fea-
ture extraction methods for SVM pedestrian detection [ J]. IEEE
Transactions on Intelligent Transportation Systems, 2007, 8
(2):292-307

[7] Vedaldi A,Gulshan V,Varma M, et al. Multiple kernels for ob-
ject detection[ C] // Proceedings of the IEEE International Con-
ference on Computer Vision, 2009, Kyoto, Japan: IEEE Computer
Society Press,2009

[8] Freund Y, Schapire R E. A decision-theoretic generalization of
on-line learning and an application to boosting [ J]. Journal of
Computer and System Sciences,1997,55(1):1198-139

[9] Vapnik V. Statistical learning theory [M]. New York: Wiley,
1998

(107 Dalal N, Triggs B. Histograms of oriented gradients for human
detection] C] // Proceeedings of IEEE Conference on Computer
Vision and Pattern Recognition, 2005, USAIEEE Computer So-
ciety Press,2005

[11] Chang C C,Lin C J. LIBSVM.: a Library for s Support Vector
Machines[ ] ]. ACM Transactions on Intelligent Systems and
Technology,2011,2(3):1-27

[12] Fan R E,Chen P H,Lin C T. Working set selection using second
order information for training SVM [ ] ]. Journal of Machine
Learning Research,2005,6(12),1889-1918

[13] XiAHs. E&/PURFHNE T REHHRID]. AZRE. Wik
IR, 2012
Liu Yong-xia. Study on Image/Video-Based Vehicle Detection
[DJ. Shijiazhuang: Hebei Normal University, 2012

(8% 279 ®)

BHRIE AXTEN TEREIECEARIFRRRTIN
FIELGE 3R E N TR CEHa R X RIRG . L
BHEREY, PR E TR, TR FEERPREES
FHEEBRRNER; BE, SHRHANERAEX, Pl
EEHME A HETHNENE, AXRER-EZERM
ACE2005 Hh3CiER EEh Ik 0y, AR SCSER AT RS
AW, Bk, T — S8R EE 2 ERbE T E A WiER
BE.

AREFFRA, P X R—TIHANANIES, EESAR, BF
RIBMAEGEH, B EEREEBMER, MEXE—~TEN
MBS AP AEE, BRAAFZMB ERRR.
B, UM EXERFTEAT, RRF XEAHLRLIR
g1, b XA T2 E AW BN EE. RAEEIERE
B AR F 22 [ AT fE L A E A EEREE, B2 BT RE
HUEEBRENBRR, XM TFABBEAEXFZERARL.

T — W25 1815 IR 45 5 R AR SCAIRSR BT 44
ZIEIE R, i, R F G 2 RIFE RN EER, 4
BRI IR M CIB TR, 55, KX HE
I R O W b4k 4 2, T Before A1 After 2R G,
EEHEEEE, Overlap RENBUEBRIBE LR ALEFRALU
RHFIRRE, X AR RS2 BRI,

2 % X W

[17 Mani I, Verhagen M, Wellner B, et al. Machine Learning of
Temporal Relations [C]// Proceedings of the 21st International
Conference on Computational Linguistics and the 44th Annual
Meeting of Association for Computational Linguistics. 2006,
753-760

[2] Chambers N, Wang Shan,Jurafsky D. Classifying Temporal Re-
lations between Events [ C] // Proceedings of the 45th Annual
Meeting of the ACL on Interactive Poster and Demonstration
Sessions, 2007:173-176

[3] Chambers N,Jurafsky D. Jointly Combining Implicit Constraints
Improves Temporal Ordering[ CJ // Proceedings of the Confer-

ence on EMNLP. 2008.698-706

[4] Chambers N, Jurafsky D. Unsupervised Learning of Narrative
Event Chains[ C] // Proceeding of ACL 2008. Hawaii, USA,
2008.789-797

[5] Do Quang-xuan, Lu Wei, Roth D. Joint Inference for Event Time-
line Construction[ C]J // Proceeding of the 2012 Joint Conference
on EMNLP. 2012.677-687

[6] Ng Jun-ping, Kan Min-yen, Lin Zi-heng, et al. Exploiting Dis-
course Analysis for Article-Wide Temporal Classification[ C]//
Proceeding of EMNLP 2013, 2013:12-23

[7] Cheng Y C,Asahara M, Matsumoto Y. Constructing a Temporal
Relation Tagged Corpus of Chinese based on Dependency Struc-
ture Analysis[ C]// 14th International Symposium on Temporal
Representation and Reasoning, 2007 ; 59-69

[8] Cheng Y C,Asahara M, Matsumoto Y. Use of Event Types for
Temporal Relation Identification in Chinese Text[ C]/1JJCNLP.
2008.:31-38

[9] ##& SiEE UENEXRRBRSITEL fXELFM,
2009,23(5):62-67
Lin Jing, Yuan Chun-fa. Extraction and Computation of Chinese
Temporal Relation [J]. Journal of Chinese Information Proces-
sing,2009,23(5) :62-67

[10] MRk, XS/, A0, % FHEXRRAER] ] P UFERE
3#%,2009,23(6) :56-60
Zhong Zhao-man, Liu Zong-tian, Zhou Wen, et al. The Model of
Event Relation Representation []J]. Journal of Chinese Informa-
tion Processing, 2009,23(6) :56-60

[11] Zou Hong-jian, Yang Er-hong, Gao Yan, et al. The Annotation
of Event Schema in Chinese [ C]//23rd International Conference
on Computational Linguistics. 2010:72-79

[12] ERE, ELnt, 8&Em. BT B m M atE e R
THENL TR, 2012,38(4):37-39
Wang Feng-e, Tan Hong-ye, Qian Yi-li. Recognition of Tempo-
ral Relation in One Sentence Based on Maximum Entropy [J].
Computer Engineering,2012,38(4) :37-39

[13] Cohen J. A coefficient of agreement for nominal scales [ J]. Edu-
cational and Psychological Measurement,1960,20(1) . 37-46

+ 313



