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A Study of Factors Influencing
the Clearance Time of Freeway Incidents

Student : Cheng- Hung Wu Advisor - T. Hugh Woo
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National Chiao Tung University

ABSTRACT

The proportion of long-distance trips using freeways has been increasing over the years. Thus
to shorten the clearance time of freeway incidents becomes an important issue. In this
research, 1335 cases in total were collected of accidents from Sun Yat-Sen Freeway and
Formosa Freeway from November, 2012 to February, 2013 around the Taichung Metropolitan
Area, including 933 on Sun Yat-Sen Freeway and 422 on Formosa Freeway. The average
accident clearance time is 19 minutes; with the-majority ranging between 0 to 35 minutes,
which accounted for 94% of the sample. The Cox proportional hazard model of survival
analysis was used. On both<Yat-Sen Freeway and Formosa Freeway, if an accident interferes
more traffic lanes, involves-more vehicles, or has more .numbers of injuries, the longer the
clearance time of freeway incidents-occurs. Moreover, it needs: longer clearance time if the
accident happens at night than in-daytime.-It shows that the need of the Public Works Section
attendance is significantly correlated with the clearance time positively on Sun Yat-Sen
Freeway. It also shows that the distance from a closest Fire Department for ambulance
assistance is significant and positively correlated with the clearance time of freeway incidents
on both of the freeways.

Keywords: Clearance Time of Incidents, Survival Analysis, Cox , Freeway
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7583 i E o 2ag 583 rE e irz#”ﬁt‘ﬂé??‘*li’u 26144 48 > Bl A&
dafreng x5 130 248 o 1R L 5 1818 2 4m o 2 i+ Welbull » feficd] 55 A
173 % ¢ e ik & pepE I (accelerated failure time ART) %27 - 3k & 47 82 B F s “f
R TR R R E AR PR T RAC R b ARG F
ﬁ%%%ﬁ@@o

Garib(1997) & F+# - dc & & Alameda County, Oakland % & = st & & & ? &
Fr PR T E S AR ir«:if*”fﬂﬂ?ﬁ** B F RGP S
WA AT 0 BLOGeNE BT o AT AERIn s AP M FI G 2 X B P i
B WE D fmEc, T A FTHE > - AR REDE BER{oX R

Ying Lee(2010)4x * i @ /o &2 ka2 a8 BA S S 003 X IR0 g 2
PRV i ag S DR R PR o i ANV R DR 2 R~ -
BPEEPM R E I - FIEE B Eam > 0 F @]» LEPFHIEF &h
AR T AR ERFAFT AT PRI IOS 'JL'FT/»\“fﬁi'«?\ZQV’
S P EERT o Bl AT 0 BERAG - B AIMIE R 4 o d ATim- N 0
EArRA p IV LSRR e T pdp o p A E LR

e F TR DA AT T
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Abhljlt Dharia(2003)4p 1! % & = pe e FRF ¥ 00 & IR g 3t A g e
¥4 ks (ATIS) ¥ mva-"fm]@ﬁ%],, % (ITS) e 5w o — B ATIS ¢ 32
BAE B~ i & R AR Jf‘“%ﬁ Z rmﬁ Rt H R FRIE lﬁ"lili" 13 4 0 dee P

BACHE B B g A & S o P’{ oA gekacd o &0 @ % counter
propagatlon A% J& % (CPN) 13 i o B F fﬂéﬂi‘ﬁ“w i#] - §= back propagation
(BP) zd KNP R HH A e o H LR 4@ *an]é» CPN % »
ﬂfrAdelland Park ik B Y Gl s B BP X ﬂgfrr'v o F IR oy
A eng aE D RRR &A%%‘ﬁ*%wib**%<iﬁfﬁﬂ~i°

Ahmad Tavassoli Hojatia(2013):rF NERFERET O AEETEOEREET R
B g 40%~60% 2P Rl Fa A A A gt gV B EE L ET 2EFED
Becn25% o pFR gy P nE k- B osnenfed g i o R Fiir.t;}%uﬁep%]f"*m
R 2 fom T MR NIRRT R A PRI O o T &
Queensland Department of Transport and .MainRoads’ STREAMS Incident
Management System(SIMS). for South-East-Queensland(SEQ) urban road networks
2009 & 11 * ~2010 & 11 *» enF 4L £ 4926 4 o M F 47 99.6%F 4 5 Crash,
Hazard, Stationary vehicle = #& > #] & alerts, floods iz 7& (4 “f) o & % I iE A
RELRRE - 208 jmlic BB FF) - BREELE S AP RoLvaa
PR # % G A ted A PR 03 KA T AR 3 EA e 0 T F
PEOL R 32 0 A TS B4 fie o B 16 I Weibull' & fe s & K AT F L eh A £
BETELLT P ERHET R R R e R RS A &
FA o RCIE CEAAM DA 4 JeliE R o

Indrajit Ghosh(2012)45 #) %48 ¥ st ®a & 225 § L0 E 2 5 ¥ seendE s
AL B = = F eeif 2@ g AR % o TeenfF AR 5 D BRIFR ~ F P
w\iﬁﬁwxmﬁ%WEEﬁoxﬁ%ﬁ@ﬁ%m7sﬁﬂw> ¥ (1-75) > 94
gL g (1-95) 0 275 B wgae (1-275) o % 2 8. 696 (1-696) + 2009
&migﬁ#’—ww4¢iag#»lwiaﬁ%%@égmﬁﬁyxﬁyﬁ
AR o FIH Z R - R R T TR R ET PR SR ERE
Feom vV R RE G APM TR Aok RIEE o F REEE o B R G AR
B %1 T o WITHEIRE 2 A R siE % o
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Hongyun Chen % * (2009)1’15: 7 Florida ' £11343 3 i# 2 BLELEOE e TR o
PRETRER N AL M e B v R F 0 B AR E AR R

fFraf 3l en® @ o Wﬂhéﬁmw%o&%ﬁmﬁmzwﬂﬁéﬁ\m@#ﬂn
iﬁ“**ﬁlgwli'iiJ PlE f‘mﬁ'fixf*“ﬂlgf“mﬂe EXER SR F I skl NEE
D B AT AT A g i ~ﬁ¢?@ﬁ68%%mia:#ﬁm““—1
W i K mé¥%m“%ﬂﬁ@¢ﬂéLh&¢2ﬁﬁgﬁﬂ:%2%mia#ﬂ¢“?
FoARFaEA e ¥ - AlwE S HARN o PR % bR s (decelerating taper) 0 ¥
yﬂépﬁﬁ*vv%%%ﬁ B BB L RN T D R Efod 8
P AW aE AR T 2% 9 bR ik A (decelerating taper)

Bidg (2000) #4447 LF @ oRFAELBEFFAIULETZ T o g ]
FERER AT PRI L TR P ANKEANE6 £ 88 ERY LR
SRRt 2 LA ET VTR R A EREETHE  FRp )

=
(=

“’D"}

rﬁaww,%§~?1%%a5’m%wﬁ%fﬂ~§i4%@ﬁ?’“
HEFE X F)¢ %:H%‘}_?EFJFE
WEMD RN ZEFE on sl g ﬁﬂf‘%n £ ”wl’z\ T BT R
%{ﬁhwgﬁgiﬁ&%ﬁiﬁﬁ%ﬁﬁﬁé-ﬂ)xﬁﬁﬁaﬁéﬁﬁﬁm
BRRFER IR (2)X P12 A A R n S 2 (m B ARk R B w2 W
ﬁ‘wﬁﬁwmﬁ%’gpﬁéﬁ&%ﬁﬁW7%%% 5= R
WM B Tl (1) B @RS %ﬁiéi\P“%Tﬁﬁf’lmﬁ

A2 PRSI SRR SRR () FHBE AP 2 B R ETF
REAR G F 2o B B gEhon B3 i%i%ﬁﬂ? BOCL) B 2R d AR A
B OREET O A T R Rt A 2 BB T Y b AT B B R
SR FLIE () THRELS PRIV E R T D e r B (7D E’Fi\%i?/‘ii%f

FREA S T pEEARN G T B R BT T o

FAB2 (2003)4 4B i SEF LI BREFLFTHEE > 2477 b ars 1 BRI
Fayg iR HWREFEF2ZER MR BRTE S I RERS LI T
‘H'* f»ﬁ%‘i SRR RIER D R B L R R TR > d BEF LY
e 1 B ECE R 1000 2 =~ 1R RBiH R A EE 1000 o = AT o AR B2 TRRLE
%% ‘“@%%th?

o

% % £(2000) F_r2 % i 2 %E@%i;ﬁﬁﬁaﬁépzﬁﬁ’ﬂ*ﬁwﬁ
R KIEREAER SR EAR SHFE R BRE AR E A R
St it SPSS e AR AT o FES T BE S F WD 7L 0 Bt RS
A EA M LA TN SEGAH CRPREFRERFET DR G 0 SERRE
5@ HEEy B Bl



Zoi Christoforoua % + (2010)4p & A8 # 2§ 2 T s 45 4204 £
B FlL g REFS G*K;\ﬂ\m,” MEGERE 2T A BRFIAAR o B
RINPaab e i 3F 53 IR Z O G RERRDREFEIFY o
AR Ay z—iri’? £l Fﬁmé'“mua#i’l“"@iriﬁg:‘a‘ F*mfap%t’i I
7 ONERS Sl B H A 807 (ordered problt model ) % #F 7 i# B frd jn & ++

NE e E G REATR ML o FALLR ¥ 0 & 2000~2002 & 1% 2006 # if=
#£5TF ALABE 1893 5 A R G- chE i AL R ERHN UL EH L RX G
ﬁﬁ?&:ﬁigiﬁﬁ °

Juande Ona % * (2011)4p 41 g i 2 b @ S f i PR E AR R 0¥ 0 F1 7 3
B ORREM S B REA TR T iE kR e Ly (2R % Bayesian
networks 1335 ¥ i edf i ehfe B ki 17 2 i § #enk %5 > Bayesian networks & 7
FTRA B E MBI & R TER e T e Y AFFLT 1636 A2 AN E F i B
FheFgo RN 18R E T MR GEREAARLS FEG LG = o K
PERE AR~ E - BPRRNE R GABIPN AR A B TS

Jean-Louis Martin(2003) 45 } # i B
1155 v*ﬁmfﬁg %o I wgi e T EARR (T
£ = %{400 im/-] P ”f A
% i # & 100003 1500 d@/ ) B o s
3000 §@/ ] p* > FLiEaF 4 5 € ‘fﬂ—‘ o ¥
?ir:cmﬁxﬂ LT Peg o i ERE AT B3y F Ry A RRF EF LR -
R E ) EFAE AR ERER D REF SR EBA LR R R T hY 2 ok
B eniz e @ ,ﬁ% Ly ELR

3 Pl

Al-Ghamdi A.S. (2002)1 # Logistic. - fFA 47 K ~ 47 560 2 § 2 + £ | =
FROIPEIRLLABFREFS BT T4 BREKEFTAP O A
BHERT A BFRET TR EBRAIEFA B BETRT] Y idd
R g Arig * enLogistic ﬁhﬁﬁf/v\ﬁ"! 2 E_xdFeh1 B 7 % 3 K %k A Riyadh &9
& R L aHE S R o

Sunanda Dissanayake % # (2002) <% 3 4| * sequential binary logistic
regression models %% > ZF P W enX FARR S AP F1F T o R S F M TR

PR A i RER S P B G o AR R PR
? [ ﬁ’f‘ P BT SRR PR s BT E RN F 2 - o R
A BT Ap o SR AR R Nl 3 RPN Rl R eedRd Y Rk
[CR R E A

ST E - S (1999) 4 47 b f d 2B R ERE £ G RERTE A
T $HEcAR A (loglinear model ) AJE 1 ¥ b BB b o 5 $r
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ARTEHENA T BB W%pir{#ﬂi(ﬁ—ﬁ’ﬂaﬂﬁ '@k’i& F'f—?i)‘
WS PREE (o Bd f ko BREESE- 23~ 523 ) ~ F BBRB T
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ME) CFRBERFF(R&REE) CFREEMSE (X T4 xS
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Bor Rl FlR vl A S BN R F RS i EIA}}%‘*’;& xl-;-k“'wl>
A X
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E e
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23 F3RHATIEINN LAY

T4 4 (2011) 44 2ok it 2 S iR iRl T B ER L 2 ;‘?‘;% L
S FRERANFLIZAREEAREF D D FELTE P 2 Cox E 1t B
PRt o HES M AT BEET > 2R BRI
MEAAL H{ERFPCELE LV RERE - EF82 TUeA S 6 BB ¢4
FRFPIR L FREUVZ LA - I BRREEAHL G 2 e A5 - 5
fﬁm’f’ﬁ PR AR BPHL G TS > TTEERELNVZARTAS -
T&&%ﬂm ToOEME IR ARER R L%E T E L G F APl
HBFELHE gl g@ Ve BmE o (L EE-HAiTE R Faik
A R B A B 2R B B ¢ -6 34 2.545% % 14.618%FF L[ & o
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I a2 J,' N
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>

T A48 % A (2008)iF B~ (T XL @ﬁ«wg@ PRI R N
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SERTE ~ AL 2 (2004) 1 * GE AT 2l Ty o HE L
IR R P AP AZ FERI BTHR AL ARERI G P T2
ﬁ% +i“ﬂ”&m%ﬂmz %%ﬁﬁﬁ*‘ﬁéﬁﬁowpitumx @ s

- SRR SEEN W TN
2kw¢a1?ﬁ.«i&*ﬁEWPﬁq\ozéaaﬂ%a T AR AR SRR

B EULEHFEPHLR

e

2.4 ) 3

FEMI R R G RO R BRI R P RILIE S R

y Fmia#%%hﬂ@aéﬁg mﬁ*x&%wu;iﬁﬁwg L

Aol 2T AR R REOT %éﬁ T U2 e R AT G R K F PR 4
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FeEd R~ 4R Bt * i Ve ¥ 8
\ \ Y A/ A\
PR FERE TR LT’ No gty
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FERPEREE
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%é‘%ﬂﬁ’&ﬂiaﬁﬁﬁﬁmwwAw’F@%%*%ﬁb\é%g
;Eﬁ%ik’ﬂv%ﬁ%*sﬁé migﬁ%ﬁﬁm&ﬁ R b iz
Fdﬁav*mﬂw\Gmm@ﬁu;’WBwvgw*?‘?%&wﬁ%ﬂ“fﬂﬁ
PHE 2 Sd5h > 2 R R IS KA R R 2 R R R
x?’Wﬁ*&ﬂiaﬁﬁﬁﬁﬁﬁzﬁﬁﬁwﬁﬁéwk’#iP%%%
AL COX 1t BB "G HEaS R st g TR R FldeT

(1) Feeap 3 AP TR RS T ORI &y B8 AP

2 p e

(2) Cox # v il gt afp™ P LBy H@Pgs S Firagr Lo
MEAE Y RREER T SR & R
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3)

(4)

PR AP D Bl F o GlAeERER 2 R 1 RS R
EiR F NG RIF R LR S ﬁx(exponential) C % b (Weibull) &
Wi i (lognormal) % A i 2 H05 - R A AR E T AL ELASHFET X
BFEE LY S 3 @ Cox st B IRACK ﬁ%*émvﬁt@#$:
BEh) o TSR R R R A e B P 2 ) o

b 1¢%*@§ﬁ%iﬁﬁﬂ”iﬁwﬁvﬁ EHETRS B g
Bt miﬂﬁﬁﬁﬁm%%ﬁvﬂé1m%é%f R R

ok §r?ﬂ*”€& %iaﬁ%%@\ww%$4,~%aﬁfﬁ?
TEFFE AR pir{#u;rfgggmﬁg,g%ﬁo
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B DHEHE P RPN w0 AT RAER R AR T
GEERBEFIE L 8 AR AT COX 0 Bl R R TR

TP e o

31 FEAH

BEA TR - Bl BB FE AR %iﬁﬁ%&ﬁ% 2 G AR
MRS B R AR ER R AT LD W e BB AL AR i
gi._,?]Ag W AT R A -Qrﬂﬁkélé’l’rﬁlﬂ\ﬁmg\ﬁj_a‘\ T & aJe pé;—F’S‘...:L‘ °
BRI ER-EEL #fr(tlme-event analysis) » Z A% %32 277 &
HY B LN ERFTFTER L REE T2 (event) i 5 o m44¢1??F’“ﬁ/P
BT B T F P A BR R A G r e R (Survival time) 5 @ 2 F e R
< RS 4 pe(failure)s ¢§% i f”«ffﬁ? FoLg= N ‘}iff[iﬁ’:bi R R AR *
TEEF 2P AFRFERF AR A B E E R 5 3K (censored) ©

E=t
W o =3

S

+¢

32 HEE®

BEFEEGEATY LR SAAT R T R B GE R LR D
ZHAAES

(1) 5P R £ 42 Bh(start time)
(2) 4+ 2% = (event)
(3) T &P R (timescale)

A 7L-:_ IEE—."*-@ L%*ﬁ(r"’f . &/r'EEEFm/PJ mi{g%ﬁirﬁl}’gjéxa’;ﬂ;ﬁﬁ;ﬁ
BORFIFR AR EAARE S AR R AR aRRE o Ay
L/?'J’E_E = l—/”\ﬁj I/é:ké. ;J‘j'_; .

FEAMAFT R EBMALGER - FRFTL > ¥ SR IF RS
LT @ »‘“%‘f*faﬂff"”m ')iﬁ]w,a GEER (survival time) o 7 A 45 szt b eh
Brd ke A R BEHEA T AR FE G o ol L F R
FEm - ana = “ARFL BRRAFSERA LR TEE T8 RERR
A0y BB I LB RO b A EPFEEY O HEIDF
L A PR L e YELA PR Y A SR Y RED T ILER S
FAEF © MR Lt
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FiE e riE A #H R 50 iE 2 5% 4 (survival table) - £ 12 Kaplan-Meier j#
(KM 2)R2EWE I R 3 EREF 2 A a4 2o V0 3T
FEFA2Z GREER CFRIFOCFFRFIERFTEE G FF B2 PIFE-
HEHF AR R T FARE LT HEER Y )Y L4 Cox B
i) & i 3¢ (proportional hazard -model,PHM) 2 4vag 4 pe pF /F $i3¢ (accelerated
failure time, AFT) % » 3 S B A & ' Solie ot B 00 W0V B X Slie 342
Pt @ 18 R s B T PR R Sl T O R o g v o b A 4
TEEZFRELE R R T R DAY AR ) F @_f“iiﬁ,\,yi% i+
x\rﬁrzd-s-m,;iqr o FIEAHEREFEN FEETZ A fie > oe ”ﬁ R R AT

LR 20 R AR e B s AR B LR SR s E 2 - 2 S B AR
& 1218 % H(prediCtors) /P 2 b 7417 T At o TS B2 e AR g LT K
PRFERE TR P EFEARL S 0 AR FET @B BT ()L
A UFENE TR AP IE FIR L AT -7 Cox % v/l 2 % 1050 it 47 % T -
TROF P ATHEY BEIL BT 2 ERFFE 2047 opETH 8 2 2 5 Cox
LLLL&rJf“éE’rswkgiAm;; AFEG 2 12 A Z () kg e T AR
IR e ?“*i,ﬂ##?gipixﬁQOwiwwf%@ﬁ
N R A i SERARN S RB LAY AR EER
LR O X () =g i A L «rrlg}% sk 2 dEM s GlACYERE Y A S LLJ% ‘it
B LR R R B AN 0 RT R 2L R o ik 5 4 dic(exponential)
(Weibull) 2 43 % & (lognormal) % 7] i Lﬁt AR - ERT YRR T LD S
B2 A 0 A COX BRI EPRAF AT M2 & £ g * 0 77 ¢ ¥
%%Wﬁﬂ%ZWﬁiﬁ%o

-
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3.3 Cox & vb F & s 50

Cox (1972} AR N TR AT~ BaEAEAIT 2 P THA REKFR
P E SRR Y B DR BRI A BT T IR B A A Pkl
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- BRAGFFETERY > 557" fESREOE > F I - AR A

- S

18



1727 > 1% 5% e (survival function) 4v % *& S #ic (hazard function) % &3+
@;fﬂﬁng&:ﬂk A= e %) f;;%’;@;gsx.gxé%;% il £ T L e R

PR B W REO PHATFEF A F 2B R EL ) AT
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(2) S HiEdHc: - BB EFFAERET X S > 4 ffu{&ﬁrﬁﬁ'ﬁ tz
S 4 F gk o
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Foedlcl - BHALR S8 HARFREE 105(0)=1 LEE g
00T R o §(00)=0 0 #rrry t<t2 BIS(t)>S(t2) - Al - A 2 f S 18 30
g2 FERS(0)=0 FA M- L AT FAEF A E LB FEYRT A
€ EPFFR AT E - B MG AN E 2 3R P2 R
T A- 2B B gnd s A B S A Fe S fic(cumulative
distribution function) 4% & (complement) » 75 7% o AR:d § 12 AT ehpF A B E
# kg a o
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P s dkRld S()% A S(tX) 0 pte Sidiked h()® 5 h(tx) o A1 &4 Cox
(1972) v bl g ticst > 3 B3 d A (1) * BR B AR t B P A Sl A
for 2 G EBRWELHGERTORE Q7 AJLE § % TRR @ F 4 s
PRt ()L Rl BV A BET BT M A AR R
BII T pER L TR L Logit i g R G (0,1) & v R £ LT
Fberdd BE o

Cox(1972)#-p5 *& & % % % * h(t|x) =ho(t)exp(BX7)

He o ho(t) 5 2% % e (base line hazard function) » Bz f3 18 ¥k 3+
2 4B o COX 30 h ho(D X 25 T enT jf dniic» 33 2 > ho(D) B4 L3 E R & >

A A58 Cox 3 i AR B ST NG AN 72 HH REK > TR
FHAR LG IEITERX iﬁ*‘f"" M4l Fli: CoX i TR AR g S
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(proportional hazard function) » Cox 2 & fi-3" S BB V.5 * gl e » T ¢

L(B)—]_[ X)) gk

{’ER]
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