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Student: Huan-Chun Tang Advisor: T. Hugh Woo
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National Chiao Tung University

Abstract

After crashes, especially for those involved fatality or disablement, parties
involved usually struggle in great agony while fighting for compensation. As either
judicial decision or mediation is related to comparative responsibility of each party,
objective evidence, which refers to information based on facts that can be proved by
means of search, is apparently crucial. This research is based on T. Hugh Woo’s (2009)
study on the application of traffic signal phases switching time anchoring in verifying
signal violation. The technique, developed for crash reconstruction, is often applied to
deal with the issue—in the event of no-traffic-signal-included videos recorded by
traffic or surveillance cameras, involving red-light running. As whether the involved
parties running the red light or not is decisive to right-of-way that causes strict impact
on claim request and judicial decision about penalty, this issue often is the battle field
for parties in action in an intersectional crash lawsuit. However, the accuracy of
Woo’s technique is lack of sufficient accounts with scientific data under different
traffic characteristics, affecting its degree of proof for the reconstruction result. In this
case, this research is to examine the influence of factors on the accuracy of the
technique mentioned above. By analyzing pseudo-reconstruction data of more than
28-hour video clips from several intersections, stepwise logistic regression indicates
that “number of stop lines or it’s reference” gains the greatest positive impact, while
“percentage of lanes recorded” has the most negative impact among all factors. Two
classification tables are derived from the analysis, which are applicable to forensic

cascs.

Keyword: Traffic signal phases switching time anchoring, Forensic science,

Accident reconstruction, Stepwise logistic regression
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** Forensic Science International (FSI) © » #- ikt R * >> 2 8 F 2T
Ef’ﬁ‘@i—%‘ jrudgiifcileon @R F AR PRiEGRE2 ARG =
BEER P AL HEHFEBERY GFERBEE  TRF B BRE) 77
Bz SRz BIEREFAE ST de t F- BRL4TET A@8 8
B (82 PR FE) T iﬁ?ﬁﬁﬁﬁk(éﬁ%@%)ﬁﬁfi%%“fﬁﬁa
aﬁg_ﬁoa%wgﬁﬁf%{%@&ﬂﬂ%*42?’awmﬁu#ﬁs
RltL2p@dd N2 AR FIEFEZ2E B FHEIER
B R B B RS (fps > frame per second ) 2 i » %—Eﬁuﬁ};}ﬁﬁ\a IR
Wil hy T B2 MR ﬁa mMERREA S LFARRMEE PER (A
BE) F AR o Bt ad A R g2 A B .

'
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Han (2016) RPlEF P 2 v T AP EER T A
e b AR e HBE AN S B RS L Lﬁw
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i
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Cheng et al. (2015) WA £+ - 522 fZ\ rz B im-17 A F o B8

WHFAEE R EFEERTBRRE D LT R D6 102 LR “?.’ Rl
fo2 {7 4 SBEEEY > e Searle ~ Wood ~ Toor % = w% T E I 1
SEEMS R NS o TF AT ek (TR A0 B E f’ R A~ AT R
o B~ L7 iAABRES (2 1) Ef’éﬁéﬂr"’ 7\ (forward projection # wrap

trajectory ) > if * 2. 2585 5 2 F (B 2) -



31~ B itk (TR B

% 4%% (Chengetal., 2015)

D i i Accident Road i . Second: Thr
Case No. yhamie Vehicle CCI. e oA Gradient  Braking .econ ay Speed (km/h) . o

type location surface impact distance (m)
lFor\.Nar,d Mldblock Asphalt 0 Yes No 43%% 16.7
projection (jaywalking)

2 Fowad Light Expressway  Asphalt 0 No No 80 40
projection bus

3 Forward Uncontrolled it 0 Yes  No % 56
projection crossing

4 Wrgp The nearside Asphalt 32 No Yes 47 16.5
trajectory of road upslope

5 Forward Traffic lights Asphalt 0 Yes  No 33 8.6
projection

6V i Trafficlights Asphalt Probably y, o ) 12.2
trajectory upslope yes

Forward - Goods - Uncontrolled ) (31 Yes  No 41 156
projection vehicle  crossing

Wrap . . Concrete/

8 . Taxi Traffic lights Yes Yes 42 12
trajectory Asphalt

g Forward Uncontrolled. s > Yes  No 36 144
projection crossing downslope

Wra Cross

‘p junction Concrete 0 No Yes 63 27
trajectory . .
(jaywalking)
W
r‘ap Saloon  Traffic lights Concrete 0 Yes Yes 42 16.4

trajectory

*  Coefficient of tyre/road friction of Bus was measured to be 0.44.

** Speed calculated by equation of motion.
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B 2~ 38E> g+ 238 (Chengetal, 2015)
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My AAF L H FEk s 2 505 %Fm% =g —i&&?ua&QA
quality assurance )2_ &2 (F £ 42 B o £ o> 2%87 7 # * A 332 %4 ( grounded theory )
——-ﬁ?ﬂp*%%’géﬁ&ﬂiﬁﬂﬁ%%méé R ud T
F2Z N FWMERALE R G2 TR B R A WhS R 2 A A -
BRTAER  prAagEe 44 WmA{e@sn (£2 #52012) —5:F L2048
2 (focusgroup) #k+ - R IF P71 (T2 B EFWAR > 71 2B w2 P
FRTENE THEBERAARTF R 2 4 = B f i BT
FREAEBLPEF L ZFT AR E‘JF“ 2= ’i%?‘—‘ﬁil TR E~BE ek
12z AR AR R A B o R e B A - RIS F
Mgk od A REAA AR ‘4*'.%%:".?;'2:% gk BfEAR BE ﬁx?ﬁﬁ

WA kl&’]‘#—i/mfi’ LFEAF BT R i/;%’%]z’:sf; Brer R g B R - K ﬁ’»lb ’
BRI B R EETEP R ER B A 2 ﬁ:—ax,ﬁ
Y I e L

<7

ﬁuﬁ}_gt“a\,bg piiﬁﬂﬂz—kﬁa’( E AR OB AR E T
A S A A 5!
#

:%—» "F% AR

B ii\“?
W
il

£ RAFE g wﬁ.%&fﬁﬁﬁ
4 TE A
i

ZRPBAR S EVRE AR B
Z 3 A

A
Bz HsERE B ¥ Py EBRE

1. 4= # & 47 (pre-analysis ) :
HGlgE 2 v F o AR B REF L ERRPERT (7 1 IE@BRF i
oA PREA A ERES TERL TANJIEF AL .

2. %7 (analysis) :

BLEA B ﬁ\:} N E;fw@g_ 2L BERITLEERRF & A 47 2. Fo

AR R ATy By AR T (Vlsual information ) i& {7 A 47 > T %

d TSI E (Fd) BT FRFTH AP EARpBILEFFTH- &
B (FE 12 )2 Hiny

Bhrlrtr? ML AR - T
Fd RN EGS BT ER A o RS
PRAERETAF I AFERAPLEREZ TR
Vg IR PR REEIFRA A LN S A2 RiEo

3. ¥ iF (work onscene) -
AT AT EREE R RS RY ER S AT RGTA ¢
SIHBE 2RI E 5 UEREE

4. =i (evaluation) :
Fhotigk 2 BmAg @ AT HEBR27 R NEREEAT G
F#iﬁ%‘r.ééﬁ%oﬁr}a'é-ﬁ’ﬂ-ﬁﬁi‘? BT Ra o

BT 2

s e 4R e

gy \“ﬁ’
(\
wa
i
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5. 3R %2 (reporting):
BTS2 AP REEFT LR s F RSP AT T2 B e i (HER]
4 )~ * kg2 2 (perspective views ) " %2 F % & (peer-review ) e
WL 2R IR R .

B TA AT STAas 2 TR 2 4B PG ATRLESR
(selection ) ~ % B~ (extraction ) ~ # 4% (conversion) &4 (T - = 3 2~ 7 Bk
BEDERMBNAREY IS ABRE oM BAGY Y oHY & T2 2 AW TR
PR Z RPARR R bofd 0 EEEBIARA, 0 URARAE £ TT 5 g (T E S 4 A
BRASFTLFRE R eAFZR o B LR B2 @A 2
- CERENH LA R EF AR RRET T T AR A NS o
AZBIZER 3 -
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The arrows indicate direct connections and alternatives in the sequence of steps, and iterations are represented by curved arrows pointing backwards.

nd Delemont, 2015 )

s 42 (Milliet, Jendly, a
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% 2 BrRAlEpEgtE (B 0 2011)
A e R R B LT R SR S R SR A LSRR
gd | 110 | 3 | 37(2) | 150 , , . -
Bl TERU | Eer @ oo B H - pRap
% 110 | 3 | 372 | 150 - ¥ ¥ M
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Zhao and Liu (2017) RSSO
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08 1—PY=1x)) 1 : 2 . 3 — U 4 2)
+2.5259Xs — 1.2753
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¥ DF| 3 E| %% 4| Wald+ | Pr>ChiSq Jf f]*
TN
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B3 T g 1| 0.00526] 0.00195 7.2774 0.007] 0.3831
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Jption Explicit

Subh test()

Dim cveleTine As Integer
cvclaTime = 120

—_
]El,i._.
faf
i)
i
=

o 15 "B ISEER ( BRTRAEEB200  FiRiB3600)
H—EFEEERMTE
Dim newWsS As Workshest

Set newll = Sheets,Add
newys Nane = "iEE

H_ " §ow & "iEHE
Dim record¥3 As Worksheet
Set recordWs = Worksheets("iH

. %_u & it & IIEEIH\H")
CERRUAE A ¥

Dim dic_A¢L To 3) 4s Wew StarthtBeginning 1Green
'Setting dir_l
recordils.Cells (]

2).Value = "H1IF LI
dir A¢ly.basic_info 4, 24, 27, &Y

dir A¢ld.calc redTime cyvcleTine
"Setting dir_2
recordWS.Cells(l,
dir_&{Z%.bhasic 1nfn 4, 23,

3).Value 52@&@ EfT"
dir_&i2).calc_redTime cycleT1me

‘Setting dir 3 .
recordWs Cells(l, 4).Value = "FOTER _ET"
dir_&{3%.basic_info 4, 11, 19, &3
dir_&{3%.calc_redTime cycleTime

CerFU AR

Diwm dir C{4 To 43 As New StarthtBeginning ZGreens
‘Setting dir_4
recordf3.Cells(l, 5).Value =

= "E{TE_HiE"
dir_Cid3.hasic 1nfn 4, 20, 23, 63, 27, 27
dir_Ci{dy.calc_ redT1me2 cycleTlme
'xxggﬁﬁgxx

'Setting dir 5
recordfs.Cells(l,
dir_B{5).bhasic 1nfn 4, 2,

6).Value = "Fﬂ&:ib e
5, 27,
dir BiSd.calc redT1me2 cycleTlme

'Setting dir B

Diwm dig_B{S To 7 As New StartloMiddle_1Green
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¥ I—/w\%'lﬁ‘l‘!'—» =0.56 | % & :

1 FHEA A ELERA056 0 b BH A L T (& Tas
T ML EE4] )~056 2 TRz 5 T0, (% Tdpe > v T2pfE2 &5
+1 )

2. B BBES AR R AL AEL TR T A CELE=T1, FF 79
T HGEL A FF 20 L T FEH LB+ FF 181 T4

FE FA IE;HlJ X5 554 -

4, AR B (Sensitivity) : ¥t 3% A BB 0 B R R L B E ] ¥ L BAEE ]
g iE S

5. # 3 1% (Specificity) : *v5% 4 BB H T FL B3 £30+] > I F A EmF ¥
WAl 2 TR E 92.1% o

6. % % 1+ (False positive ) : *t3% 4 8L H| 2384 5 F 30+ %4 B 7 £
12 FREE 18.6% -

7. %21 (False negative ) : >t 3% 4 2|8 » H| A B2 3041 > L EX

]l 2 TR E 20.8% o

#0104 =41 SqRAnE i A 284 4
Mipd =+l SRS A BB E A

i FE * EFE B A
Pk o ¥ (AT T AT S0 SRR (R FALSE_POS|FALSE_NEG
0.00| 134 0| 228 0| 37| 100 0 63 .
0.02| 134  49[ 179 0/50.6] 100 21.5 57.2 0
0.04| 132| 58| 170 2|52.5| 985 25.4 56.3 3.3
0.06| 131| 63| 165 3|53.6| 97.8| 27.6 55.7 4.5
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0.08| 131 68( 160 3| 55| 97.8] 29.8 55 4.2
0.10] 131 72| 156 3|56.1] 97.8| 31.6 54.4 4
0.12( 130 88| 140 4(60.2 97| 38.6 51.9 4.3
0.14( 128 97( 131 6/62.2 95.5| 425 50.6 5.8
0.16| 126/ 105| 123 8/63.8 94| 46.1 49.4 7.1
0.18| 124| 115 113 10| 66| 92.5 50.4 47.7 8
0.20{ 119 119] 109 15|65.7| 88.8| 52.2 47.8 11.2
0.22| 114 126| 102 20(66.3] 85.1] 55.3 47.2 13.7
0.24| 112 128| 100 22|66.3| 83.6] 56.1 47.2 14.7
0.26| 111} 136| 92 23|68.2| 82.8] 59.6 45.3 145
0.28| 106 144| 84 28|69.1] 79.1] 63.2 44.2 16.3
0.30{ 102 151 77 32(69.9] 76.1] 66.2 43 17.5
0.32| 101} 156| 72 33[ 71 75.4| 68.4 41.6 17.5
0.34| 101} 162| 66 33(72.7 754 711 395 16.9
0.36] 97 164| 64 37\72.1] 724 719 39.8 18.4
0.38] 95| 168| 60 39|72.7) 7091 73.7 38.7 18.8
0.40[ 91| 173] 55 43|72.9] 679 759 37.7 19.9
0.42| 90| 175] 53 441732 67.2| 76.8 37.1 20.1
0.44| 88| 180| 48 46| 74 65.7| 78.9 35.3 20.4
0.46| 88| 184| 44 46|75.1f 65.7 80.7 33.3 20
0.48| 87 190| 38 47|176.5] 64.9( 83.3 30.4 19.8
0.50[ 86/ 198| 30 48|78.5| 64.2 86.8 25.9 195
0.52| 85 201] 27 49| 79| 63.4 88.2 24.1 19.6
0.54| 83| 205| 23 51(79.6] 61.9] 89.9 21.7 19.9
0.56| 79| 210| 18 55(79.8 59 921 18.6 20.8
0.58| 75 212| 16 59(79.3 56 93 17.6 21.8
0.60[ 74 214 14 60{79.6] 55.2| 93.9 15.9 21.9
0.62| 71 216] 12 63|79.3 53| 94.7 145 22.6
0.64 68 219 9 66|/79.3] 50.7] 96.1 11.7 23.2
0.66| 68 221 7 66(79.8] 50.7] 96.9 9.3 23
0.68| 63| 222| 6 71(78.7 471 974 8.7 24.2
0.70 60| 223 5 74(78.2| 44.8] 97.8 7.7 24.9
0.72| 57| 224 4 77\77.6] 425 98.2 6.6 25.6
0.74] 54 225 3 80|77.1] 40.3] 98.7 5.3 26.2
0.76] 51| 225 3 83|76.2| 38.1 98.7 5.6 26.9
0.78| 48| 225 3 86(75.4| 35.8] 98.7 5.9 27.7
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0.80[ 46| 225 3 88(74.9] 34.3] 98.7 6.1 28.1
0.82| 45| 226 2 89(74.9] 33.6] 99.1 4.3 28.3
0.84| 41| 226 2 93|73.8] 30.6) 99.1 4.7 29.2
0.86| 36| 226 2 98|72.4] 26.9 99.1 5.3 30.2
0.88| 31| 226/ 2| 103 71 23.1] 991 6.1 31.3
0.90[ 21| 226/ 2| 113(68.2] 15.7] 99.1 8.7 33.3
0.92| 14 226/ 2| 120(66.3] 10.4] 99.1 12.5 34.7
0.94| 11| 227 1| 123|65.7 8.2 99.6 8.3 351
0.96 227) 1f 131|63.5 2.2 99.6 25 36.6
0.98 228/ O 134| 63 0l 100 37
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teer TR - | BiEME F

B A LT RS o

11> TRer- | BiEfre gl HBhi84

T ave- | BiEATE A RIBAH A

I FE * EFE B A
Pk s B | E | F |0 R SR R[# 8 | FALSE_POS|FALSE_NEG
0.38| 362 0| 86 0/80.8| 100 0 19.2 .
0.40| 360 0 86 2|180.4| 99.4 0 19.3 100
0.42| 358 0 86 4|79.9| 98.9 0 19.4 100
0.44| 357 1| 85 5/79.9| 98.6] 1.2 19.2 83.3
0.46| 355 3| 83 7|79.9] 98.1| 35 18.9 70
0.48| 355 3| 83 7|79.9] 98.1| 35 18.9 70
0.50 351 7| 79 11|79.9] 97| 81 18.4 61.1
0.52| 350 71 79 12[79.7) 96.7| 8.1 18.4 63.2
0.54| 349| 13| 73| 13(80.8| 96.4| 15.1 17.3 50
0.56( 343| 14| 72|  19|79.7| 94.8| 16.3 17.3 57.6
0.58( 341 18| 68/  21|80.1] 94.2| 20.9 16.6 53.8
0.60| 336| 21| 65|  26|79.7| 92.8| 24.4 16.2 55.3
0.62 332| 25| 61|  30|79.7] 91.7| 29.1 15.5 54.5
0.64| 326| 26| 60| 36(78.6| 90.1| 30.2 15.5 58.1
0.66 320| 32| 54|  42|78.6]| 88.4| 37.2 14.4 56.8
0.68| 311| 38| 48| 51|77.9| 859 44.2 13.4 57.3
0.70| 300| 43| 43|  62|76.6| 829 50 12.5 59
0.72[ 292| 45| 41f  70|75.2| 80.7| 52.3 12.3 60.9
0.74| 281 49| 37|  81|73.7| 776 57 11.6 62.3
0.76| 266| 52| 34| 96| 71| 735| 60.5 11.3 64.9
0.78| 252| 54| 32| 110(68.3] 69.6| 62.8 11.3 67.1
0.80| 239| 59| 27| 123|665 66| 68.6 10.2 67.6
0.82[ 220| 63| 23| 142|63.2| 60.8| 73.3 9.5 69.3
0.84| 208| 65| 21| 154/60.9| 57.5| 75.6 9.2 70.3
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0.86| 188 70( 16| 174|57.6f 519 81.4 7.8 71.3
0.88| 166 72( 14| 196|53.1| 459 83.7 7.8 73.1
0.90| 141 76| 10| 221|484 39| 88.4 6.6 74.4
0.92| 112 79 7| 250142.6] 30.9( 919 5.9 76
0.94| 84 82| 4| 278|37.1] 23.2 953 4.5 77.2
0.96| 51 84 2| 311|30.1f 14.1f 97.7 3.8 78.7
0.98| 19 85 1| 343|23.2 5.2 98.8 5 80.1
1.000 O 86 0O 362|19.2 0] 100 80.8
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