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ABSTRACT:

In order to effectively control the characteristics of locations with high accident risk, this Study uses Traffic Collision Analysis Technology,
combined with emerging technologies of Unmanned Aerial Vehicle (UAV) aerial photography and image analysis to automatically identify pedestrian
and vehicle collision accidents and hot zones to establish diagnostic analysis tools for high traffic accident risk locations. The analysis results can be
used by the Traffic Administration Agencies and Road Designers to evaluate the collisions or risks at the intersections in order to diagnose traffic
collision problem before the traffic accidents occur, and serve as the reference information for the development of preventive traffic improvements to
reduce the number of traffic accidents and severity.

This Study continues the results of "Development and Application of Road Traffic Flow and Accident Risk Detection Analysis Tools" (hereinafter
referred to as the Previous Study) conducted in 2017, aiming at the improvement of software architecture and analysis methods focusing on two tasks.
The first task uses the UAV loaded high-resolution digital camera to capture the images of pedestrians and vehicles flow at selected intersections with
high accident risk locations, and uses the computer image analysis technology to compute the vehicle flow trajectory information including the vehicle
location, vehicle type, traffic volume and vehicle speed, and improve the problems of insufficient sampling for large vehicles, tracking of motorcycle
easy to be interfered by the ground markings; as well as the identification of pedestrian and bicycle limited by image pixels and insufficient feature
extractions, improve the bottlenecks and issues in previous Study, and improve vehicle identification and tracking works, to improve the accuracy of
the vehicle trajectory. The second task is to take the domestic mixed traffic situation into consideration, to plan and analyze the specific functional
appearance of the software, uses the vehicle trajectory data to compute the traffic collision accidents, and produces collision hot zone analysis
functions, to subsequently deliver to the Traffic Engineers to derive corresponding traffic engineering measures for improvement according to the
analysis results of collision type and location, to improve the traffic safety. The traffic flow trajectories obtained from the image analysis can be used
to generate traffic flow characteristics of traffic flow speed and turning traffic volume of different types of vehicles, which can be used for traffic
analysis or traffic signal system design.

This Study establishes Unmanned Aerial Vehicle (UAV) Traffic Videography technology and tools to collect and identify traffic information and
traffic flow route data for subsequent traffic management and safety analysis, and develops automated road traffic safety diagnostic technology to
mitigate the cause analysis workload of improving the road section easy to cause accident, to assist the Traffic Administration Agencies and Road
Designers as the reference for preventive traffic safety improvements.
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2.3 BHA IR
231 AW EHH SRE2 P RR

B i€_2012 # Alex(2012)% 4 1313 1 1 % 7 ch AlexNet 2 5 » % fi4d iS4 jt
Fdel i hE FF R TE R8T 7 5 AN EHA SRR OEIFHRES
B e FMRRIER AR LK VGG M 82 RIE R A R AL
RAL K FR 0 ResNet 78 5191 o & & TmageNet 7 § & Bl i S 5 & o
top-5 45355 { A - B A #r fE i H 3 M 3.5%:0 4 f»ﬁ;‘f”’* BEE T o FREY
~E A ik ’%”%Pmrg.g FEM o iTE S PiEa 2o BRBRSFE &3
AleXNet VGG ~ ResNet & 12 2 4 5 B ehz. X440 S5 i 2 5 TR 5 5 88 18 Jp| e

¥ #7(backbone) > & * 2 R PIE LKA o ¢ ZmpF P ¥ N H R
B?éﬁ % §%2. Mask R-CNNM®Z2 Faster R-CNNI1 % ik LEBRIT i 7 3 el
#1=(boundingbox) > ¥ > £ ¥AEA; N ¢ #ifﬁ{%](feature map)i& 7 4 & > & W & B
FRFRERER c R d N Aan LA FHF > § B CNN (Convolution Neural
Networks ) Z§ff2 iFRF Y = i X 22440007 ] o 385 K35 0 Bl
o ff B ) 1010 ~25%15 Wk 7 A ~ Hrih & s b g g s i ip] o

Mask-RCNN & #f L & B- 7 5y enfe 48 ¢ ]‘;fq-’f‘? » ARG m*‘ﬂ{dﬁ] BT AR
£ %ﬁ—\ = & FFE(two-stage)d~ £ |3 i o 5 7 - K0 FE > Redmon
A U814 2015 £ 3% 417 37¢0H — F# < (one-stage)$~ 2 8 g3 % > 7}16-,1 You Only
Look Once (YOLO) » 4[] 2.3-1 ¢ & i * ?‘f’ffrﬁﬂw:? 7 s CNN m@,l PNEERP &
;?1 s Bl = NxN B % ﬁ\‘(gnd) v & B F BLTRR B A e 4o B fe

TSR EF BRSPS F g 2P E R Rt EEE L RETIFE
Gl RE ﬂwvﬁﬁﬁvYOLO A ] i D E‘J Tk L o
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Bounding boxes + confidence

S x S grid on input Final detections

Class probability map

AL J R o [18]

B 2.3-1 Redmon% * # ) sone-staged~ i 1 jp| = %

Redmon % M1z 53 417 4444 % — %A YOLOvI #izie= 2 YOLOV2 »
%# & % 4 & (convolutional layer)#r » 7 =t i %1 (batch normalization),Z zz 3
PRt F B R 0 & 2% mAP(mean Avrage Precision) o ¥ Pk *
Faster R-CNNU'® 4542 (anchor box) 4 & 3P| 4 48 *F 44z > s B2 i B = 13
x13 B EH.(gird) > & B> % 5 B3 & B iR R R > A RGE
fed GRS Y A e Bt AR FYIHO R S LR T A Rk o X
B IE RS L-hﬁ!t(loglstlc activation)3g B 312 ? S HE B RE 2 F LB E
AR T e 0 3] 1 engE RN 0 23 B A PR 2 > YOLOV2 # ¥ gfeit
YOLOvl # = 7 5%m mAP o fif Rz 2 g o lt-ﬁﬁu 7o B RTRERR rrﬂ‘#
Darknet #5 YOLOV2 ¥ &2 > 4-@] 2.3-2 - Darknet 3 % B Ixl ch¥ #F & > 4r
YOLOVI Ap+t &t > 7 35%et 5 & o
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Type Filters Size/Stride Output
Convolutional 32 3= 3 224 w 224
Maxpool 2w 2/2 112 = 112
Convolutional o4 3= 3 112 = 112
Maxpool 2% 2/2 56 = 56
Convolutional 128 3=3 56 = H6
Convolutional o4 1=1 56 = 56
Convolutional 128 I=x3 56 = 56
Maxpool 2x2/2 28 x 28
Convolutional 256 I=x3 28 = 28
Convolutional 128 1=1 28 = 28
Convolutional 256 3 =3 28 = 28
Maxpool 2% 2/2 14 = 14
Convolutional 512 3=3 14 = 14
Convolutional 256 1=1 14 = 14
Convolutional 512 3=3 14 = 14
Convolutional 256 1=1 14 = 14
Convolutional 512 I=x3 14 = 14
Maxpool 2% 22 T=T
Convolutional 1024 3= 3 T=T
Convolutional 512 1=x1 T=T
Convolutional 1024 3= 3 T=T
Convolutional 512 1=1 T=T
Convolutional 1024 3=3 T=T
Convolutional 1000 1x1 Tw T
Avgpool Global 1000
Softmax

FAL KR 1 [19]
Bl 2.3-2 Redmon + 3% :f Darknets19% % g 7% #fDarknet-19

Redmon % 4 %4 2018 & £ 4% 1 7 YOLOV2 sz & YOLOV3 » 7 [ 3%
YOLOV2 chfFjix®l = 5 13x13 - &% & > YOLOvV3 i¢ * 7 FPN (Feature Pyramid
Network)P!1 5 @ & TiR1% . » H{4c 7 26x26 ~ 52x52 > % 3 6% A el o 5
o 3 BAIRE (T IRATIE R o Flh iR A licE vt YOLOV2 5 0 42 & >
be b e % FPN 7 4 52x52 ¢ Bk Boff { % 5 chHE AT 3L » Tl R T 4] 4

RIS o ¥ - 2 G 0 (T HR AL 19 K G Darknet 78 700 2T 0 #0T
AT— % 53 A ¢ Darknet 57 H 0 4Bl 2.3-3 0 s YOLOV3 end iz - 57 %

AT B e F kend R 4 RPAE > 91i2 ResNet!SHe g i3t 8 { & ange i
£ F] 22 YOLOV2 At i Rvg 5 7 "% > e el pw e b RR IS 8- o ande

4@ 2.3-4 -
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T kiR 1 [20]

1%

2%

Bx

Bx

4x

Type Filters Size Output
Convolutional 32 3x3 256 x 256
Convolutional 64 3x3/2 128 x 128
Convolutional 32 1x1

Convolutional 64 3x3

Residual 128 x 128
Convolutional 128 3x3/2 64 x64
Convolutional 64 1 x1

Convolutional 128 3x3

Residual 64 x 64
Convolutional 256 3x3/2 32x32
Convolutional 128 1 x 1

Convolutional 256 3x3

Residual 32 x 32
Convolutional 512 3x3/2 16x 16
Convolutional 256 1 x 1

Convolutional 512 3x3

Residual 16 x 16
Convolutional 1024 3x3/2 8x8
Convolutional 512 1 x 1

Convolutional 1024 3x 3

Residual 8x8
Avgpool Global

Connected 1000

Softmax

B 2.3-3 Redmon# * #% ) Darknet:53 % i k2 28 1 Darknet-53

Backbone Top-1 Top-5 BnOps BFLOP/s FPS
Darknet-19 [15] 74.1 01.8 7.29 1246 171
ResNet-101[5] 77.1 93.7 19.7 1039 53
ResNet-152 [5] 77.6 93.8 294 1090 37
Darknet-53 77.2 93.8 18.7 1457 78
FAL kR 1 [20]
W 2.3-4 Darknet-53¢2 H &5 iz Hen¥ - Eawrd # T EmS P HEE 7 Hu

o A
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d 3 YOLOV3 -] 4 Hplt 3 24540 » ¥ HEH ey F 7r gy sl >
o S HPF LA S PR RE > F A A R T YOLOV3 & 7
ﬂ4¢»1ﬂmﬂﬁk’%ﬁk‘ﬁm U LR SRR e )
< R 20 5 % BEBS LA B L o

232 4 i if Bk

PREBRA L GETE P ApE A ikl - > H R AP cnaat S Ry
Rl cnid 2R E R R AR i e R B R B 1 i R
TR RIALEManTE o Ra > "TFAMTH B IHAIFE FantiE s 4o
~RE RIS G R Earra R o FIt P ow i BRRE P ooy JE BRI R
T Avig o «ﬁ%pﬁpmﬁ PlEr A FAFIRESFHEE cRRBEHITR * HY
WA ART RA E T - i ED E

(7 ‘sf ‘?b =

L +F%hnE

5K

PLER AP R RS ERAREY AP FHET
B "’"H“-"’F* WEEDEF @ ot § 8 Rt (Kalman filter)?+ ] * g i 6
o7\ j\?F‘ Bl 8 Gldcd T N IR e R d Y IREE 4 h _E;/_zgg ) F] g
WEFEFRE R RAREFTER -+ & A B - BN red s & 1960 #
d# RE Kalman #% 1 > 2 8 { FF 5 AHTEFRAK AT I HT R & é #
%%m%ﬁ*°*&&ﬂ$ v Iﬁﬁﬁﬂﬁ%ﬁ—@: L2 A
ARV TR B A R ﬂgﬁéiﬁ%z&i?mgf@; & Eenerd gk 3 gzpf, 5
. = ﬁ}* Pro =+ ﬁ@,/ﬁ» AT A RA A jﬁh,ﬂ;{rgg] 2.3-5 %% > — LAER|T
AR IR o PR TR ﬁ‘ﬁ‘#'](tlme update) » = & & F HRIE F I OF
WEF § A B IE SRS A O FE S 12 T 4] (measurement update)e

~
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_}ﬁ
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A

A ¥ EHH
( time update) ( measurement
update)

1=

B 235 + & ik Bifie 7 7 B

TR kiR [22]

X Bdoge gk B (particle filter)®1i% 18 57 R 227 L 3748 5 % A Slio KIpIRI2E
M eT - R E o7& ko e KCF(Kernelized Correlation Filters)?4:f g+
i’f' [ B YRS FEFTEIR I F PR RN A R
ek BE KCFEHEZ e 2?21 8 FE bR RS 2L HEHREF Y > B4
ms\‘nx% IR &P E I E - MR CF T2 E A 2

B BB IR2 5] 2RI ATH 2 00 R R AL -

2. ki

BUR AR A B Pk ‘”‘«‘fﬂfi’mﬁ TREFBZ AR AP
ELR U2 Sk R = S ER AR 1 e l:E‘x‘F‘ PR EC R R R f%\P 1
IR M et 38 B o § (Motion Vector) » 5% % — 5 B2 e by 20 3,—*-44*(;5 T - R
POARIT R afp i R SR AT Ao T e 0 B A4 u/ﬁf*‘f‘*{ LIS -8 sl s A3
% i B % o DlAo¥ B2 ¥ e 4 Zh(corner)iE {7 1 PR O & @Joy,,x;z (optical
flow)215~ 1 %;&m% WF T B SL B IFH T3 ﬁﬁagﬁsg-gz;g,\i i
RIGEBEE %7 {1 SRR IR RN 2 Pt b N S e )

*K;}iﬁ{imﬁﬁ ESAAN y/‘*r}gﬂ i[;ﬁ,% :

(1) #Bdpisens BH G (I 5 ¢ 5 - #8 p £ (Moving Object)) °

(2) W% - B B FH R B3 A PFi gk o

(3) #+ & ¥ = Wik gk -

(4) 33 & Pl iAp AR ) A ek 35 N B 6 P R R
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R - WS % S B B PG R R B R e

BB o
4R PR R T ETEREB LRSI AL TR A
T R PGB B T LR e 8 R B AL e
dagtw - SRR G oRF o A D E TR R SRR T ] PR
EHO AR RF L] AT F R L o ] B G (74T AR
FEHRADTRTOFEBRF R AR B BRBHIR N F UL

1R R NSRS a0 RE R R i B U o
3. SORT (Simple Online and Realtime Tracking)

ITE kA R ORI T R S iR o 3F S AT R B ohi Bk
#F(tracking by detection) & m 4 » H]4e 2016 # 4 Bewley & 4 #73% t".L SORT
Bl s e md Ak — o A iR § R BRI HSY 2 B PR
oo SEAPER PEE RTFREF R > L HEE YOLO £ 244 2 1
PlERRE TR A s PR ST RR AL  BIET TGS T IEE
fe g > TRl P 1 D 2 BSE R P T ot iz £ 42 & (IoU, Intersection
over Union) & k1 + 3+ 5 40 1 o o™ fedf & - % 4 BT P 15 T A6~ i)
&%ﬁ%“ﬁbwﬁﬁghaMU>O$\ﬁfﬁﬁﬁ@’E@ﬁ“éiim»
F- 2 d WHPREETAEFTALTT R0 FIPLHEHWEZ T REFIERP %

. B 2 AT B ’h’l—.e TR S T S T e
MRS )t > ] g REARL T ARt RS o

(u

s
ST
i
#=

SORT /% & /2 g Bt chfe P E 37 5 FREHEE a4 o
ek BEA &g A TR B E B 0 ¥ R e Bk Bl R AL 0 2017 E 0 - B
A% SORT #1373 g8 72 Deep SORT #t#k 1875 12 ex X %0 i B 4% - Deep SORT
LR BB A TRERE Y HE A RT R PO TR T
LRI B R BB 2 T ek o
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2 i R A AT T
2.4.1 #R2 &K

b

i&ﬁ;ﬁlr F oo 2 S b 2 T gig@;}zjﬂ_ﬁq_ﬁid@ lﬁg%&%—';
TRENIRBOPR AR D REFL SR TR TAEEEL
fe P g A diﬁb’ FAPprR-gdd B AR BERA AL FR T o Ry
RMINN05 EApm T 2 o £ 3 ¢ %396 # 3 100 & i F A
B o e B AR R BEF(RE 60.5%)1 2 BT AT AR E R A0
FRUFEFE? > 2B RQE 28 13F2FP AR HFP > RN
> w5 43%% 11%P

ﬂq
lm
w’w“:ﬂ

VRB T ZRABTRAT AR > % E R Y T2 2 713 (General Motors
Corporation ) & ~ 1967 & % % ¢h [ 2 i @@ R B jiiF (TCT,Trafﬁc Conflict
Technique) j» B % s B v A DA%t o 2 S5 % L RNHEERF G
LR R B3 8 ST A B 2 i R ié ’

—~\

%Wi*hﬁﬁﬁwﬁﬁiééf QA BFR2Z AL ZEREHILHD AT P
BRI o VLR LR ﬁi‘%ﬁ' ¥ % o Amundsen?7>t 1977 & #-H 7 3
?r*"“*w—éﬁ*“i‘“ﬁ“ PipiT o FEG D RRABE S 5o )

ﬁ‘-z"g]?iﬁiikl o PR
2.4.2 REAFREHLFR

< i iR Fj (Traffic Conflict Technique, TCT ) #. & 7 i i 3 £ {7 + & &
Bhe g B o (S RIFFD B pae W ¥ i3z e 2R KA TCT » > 25 @0 B
W L FRd A FRBFRBRR w8t L BFRT N ERBELSE
SR KA AR ER KRR @ Ao ERE S AR Kk
TCT % ¥ R 8 il » SR P RIFRNEEPE BER/A > “F1iH
B RPER kAN & 242 o Hydén P91 5t 1987 £ & 2rER £ 5
i,g(Safetypyramld)J, T AR PR A 0 doB] 24-1 4T 0 BT GR U dhie A g

Seo TG - e nF L PR CRB R D R E AR AT
%F&ﬁﬁ&fﬁéwq Rl LEREEE LR b LT
HEAFIF o H I ERET A FE TS RERAS L F A F M hiE
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BrokGT ¥ USERRE SR ERERKDLEFRE 22 IR KL
ﬁ&ﬁ%ﬁ%4%qﬁmzﬁiaif&%oiﬁ’Aqmmem%”ﬁm@a
R F e AR AR ERL 203 06 0 R ORI fehp R TR A g
W ﬁrigm,gkmjﬁi mEm AL RE T A o 37 E. Sacchia (2013)3%% «
2013 E TG dp o B R AR RO KB IR AL AM 0
PR e R FRER T e R M AR g 4 o

Accidents( % %)
Serious Conflicts(f & 5 %)

Slight Conflicts(#2 £ 187 %)
Potential Conflicts(;# 4 7 %)

Fatal(7E ) \?

Severe Injury(#£ 1%)
Slight Injury($% 15 )

Damage Only(# 44) Undisturbed Passages( & F 78 i@ 47)

FAL % R : [28]
B 24-1 % 218k £ 5 3R

d M BFR AT P H AR RV S 2 BT A TR AP A
FENARAPIRELFR U B2 - A RE 2 (1999)PHE s
BEBRA G IR P FREB 2 xiﬁﬁxﬁﬁwﬁﬁ@w N
(1996)F21F % = g v & > crpaBh > A $ = #ic CERRERCETR
M FR B E ER B EAIEITL AR T %WM*“ gt W
@W%(m%ﬂuﬁﬂt& BrAld w4 EELEEFREE AT

—_

3 5 NEEZELT G 4R T T*ﬁra» D R TX 2R FE

2.4.3 EFRAUG

hE AR R AEAQOI8F T Pl d > i

&Aﬂﬁé,ﬁﬂéAE%%D~§ﬁmﬁﬁ FRTRB

%;\ﬁﬁwwouaﬁﬁﬁﬂ% §”ﬁ£%4ﬁ%@\%

RAFTenD 3 o - Bdm 3 B F 2 R A RRE
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WO FRESREL bR UL R g gL G 2R
]37‘:‘ 'bl'_ﬁé T/E‘ T K{}: iﬁ@é‘m)}l\ Kﬁ )@? Q 13 fg‘rrj\{bt,?r ¥ // Y ;l';%ﬁ'glféﬁ—%'r ,gi‘ﬁ_fin‘—;{
1L B R EF L RS EERE Y K AT iiﬁ‘é‘-“ LS Bl AT
Hoo 2 ehr v 2 QAR 4o f] 24245 o d B¢ T F A 6l 2
s o A PR TG 16 B 0 & T 8T B iR
FMBoWIBEEANEFERTRT S B o2
BEAEER R 8 B0 T2 BB iR
REGF 8B P AL FRNERTG 4B
b
II\ '
| |
I |
| |
| |
Hgtiiter et + —
o e -4
o
AL 4
1 £ Hil B
— aenena —+TRHBHEIH ¢ ' . ccmiezmre 10
——— AR : : o LRI B2 R E D2
..... AT RiT ks : I O MRS R B NE 340
AR A IS | : S gy
—— AR T : ‘ SRFRARTEEAR
] AESRG | * AT ERITAZMRE—8E

o AT RML P2 NE—24E
AaMERAFRIHRE—8N
o HiTRMAEFTRZHERE 41

TR kR L [34]
Bl 2.4-2 2R v L 7R A 7B

LEBFRIEHET AR BT HK ViR E IR B 2 N2
A # il R AR A EE 5 e B {7 R (sequential confinct)~ 4 Jin rﬁrx(dlvergmg
conflict) ~ % ;i # R (merging confict) 2 7 4% % (crossing conflict) > » 4@ 2.4-3

BTIR 0 g A AT
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> >

Sequential Diverging
{ > i
Merging Crossing

TR kR 1 [35]
W 243 =462 6% 3 R

1. v B {7 ® % (sequential confinct) : 3 2 ** = & @ik frw ik > 7~ - B I T
— B R WA N e B o

2. /& pnfiFR (diverging conflict) : g 4 3@ o i (d H- 2w o @ - F 3w
Al Byn ) B nd Z BRG] FEREOREES T RS FRRM R
B i YA e AR RAEA [ he BV AR FIANFEAL TS
ST DG M FlIEFE e B (T A A R 0 FlA T A 4D gt
FITA RGN FRMEZ THFIR 4L AEEFERERD R FF

3. it 7% (merging confict)  § % § 7 k3RS B L ARAMAL < B
MEALTLIF LI DRI NI TERAFERMZREES T TR
EITEEIS

4. % A% {BFR (crossing conflict) 1 # 2 ** K 7 2 B 2 B {HERTF - 2 BAX
PP NFTRELT o RFTFERBILE AP e R EL > 45 R Bkt
SEERE S U

-

&

H

E]

B BFRIDHE* AR AR T N DI A BRI BT A L e R
ﬁ@ =R~ T AR & ﬁﬁi‘NAﬁ—ﬁ@w‘ﬂﬁﬁiff
B i & 3 4 (1999) PIM- il WrRILH s ™ o 4h 2 BT 2 B B3 BIRE
ﬂﬁ%ﬁ&ﬁ”%%imii@ﬁmaw@wﬁﬁggagﬁ%n

(

1. bR i 32 25 -NF (o 7d ) pig
>
‘:

JRST T A B B R R 0 S PE R S



N
oD 2B BB 3 78 gkt T
RY A G ¥ i

3 FARRUUMR F A AT - MIEe N FTARGERE > RIFE b I R
W R A A FR DR > B R B D AT PP ands 1T 0 AR 4 R S
s PRV AGEFTAREFER 2L ETARBFR

4, FALIREER ©F B iRU TR BT A i Ap s 51 Aepii 3§ e
i 0 R RA LIRS AZ i PR T o LIERT A S e (T4
B REER B (T4 LD R o

AR FA B AT &G EF RO G A A bl fFR
RERG R BT R R IR A S R Grif
199937)’ 4o 2.4-1 #757

Fo 24-12 3 R AEA] 8 R AR S

2 R iR RN
e BFR e iR

e R o @R

o
&
pas
(=
Ex
3
)
3
o
I
ki
A

GRS R R T oo 7 4 28 RS

=
>t
=

FAOR T AT B p [37]
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2.4.4 REAERpH

fﬁrxilfmkézivw%@%_ﬁ'ﬁ:%ﬂOi@ﬂi”ﬁﬁ;ﬁk’ﬁ ZReNLELErLR
ERBFEIHFTATLNLARLEN > ROAVEFRY LT TR 2LL 208
A GE 134

FRFE LV RER O REREE o
FTREECETAPM > 2 74 o

-—)\‘\ kT

LE RFefs TV 97 0% 4&16‘?7@????;@5.%;@?;5#%*%’1‘
o ) g7 ;r:é‘ DH MY FATEOER Y Lo N i D R &
& T RS B R h il R 4p #(Conflict indicators)

1. 4 PF F (Time to collision, TTC)

AEFFAIELAI AT T IEREAR S 5 2 FPFRT > A
B TR R (Hayward, 1972)P% e pt iR S i@ 3] > & B prghis
A2 - LR R F e S Y AT ) ek R R S %
° iﬂ T (00 2% P BE Rt TRl (near miss)k i T e0 B g% 0 T 2LAT
”ﬁ #ine g3eg A2 TTC &  Laureshyn et al. (2010)71& 32 15 & 7 e
$RT AR OTIC a3+ B 3 4 pafisgw 2 /g g 00 & & @/Eia%_
(right-angle collision) ~ 3£ 42 (rear-end collision) ~ ¥}42 (head-on collision):r
TTC & 238 > 7 & B4 @ 2.4-4 #77 :
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'['I‘Czd—z, if i < d - dy bl wy

V2 4] V2 (4]
d . id d dy+bL+w
M=t 4f = g e i
3] (2} 41 %)
1
(b) !
2 e V2 1 =V} D O, SN | .
TIC="2"2""1 jify >y
[ Wit )
X X, X
(c)
2 | v V) <o ] Trcle _XZ‘
n+m
X X X

T &R [39]

Bl 24-4TTCHE 28 7 LW (@) 90A 2 & i ~ (b) 46~ (0) $4

PO OERLEL AR FEATITELL D g
@ A4 7 dwidi &7 W] (Collision type) » Laureshyn et al. (2010) B3
Mg FhaoadntE 32 53 LI AR %-g -2 é‘i’lﬁ;(comer)ﬁf;
T3V - B nifside) BRIFEUE IR L > A AR ARTV A
(28 x4 bxdq F)% 326 “b-f s Ragsl 7 L W4cF 24-5
S5 o LS P B S REE A F e 8 S TTC £ Bede | 1 TTC &
52z B R E 2 TTC (Laureshyn et al., 2010) B -
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T kR 1 [39]

B 2.4-57 & Ap ke & B T 0V A R 4E W @)

2. {4 &t pF ¥ (Post encroachment time, PET)

BEIPFEFORRLA DFIA G - S HEERF AL § BT
- HEERRPOFEFL BRI R R LAEE w2 Y - SR
PERF AL PO R AT P o A R PET 7 45 2w ¢ S e
RARGE T FREABERFEORE - IRRNEBIFEFT 282 71
B4 B 2.4-6 #1% :

N

TR KR 1 [39]
B 24-6 PET:* & ;%3 7 % B
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6% & R Y Q L5 A B Lt ehE B % B (common zone) e
Laureshyn et al. (2010) a‘ﬁ o Ad B R A RNFRT > B! EFRFatY
BH  edad i _,.‘i)il:‘l?’l;ii,fw A ,\r,’,’,.‘?"iﬁiﬁ&ﬁm“a“"%"’;‘z}% ' F R
AL ABRFHNRENEFREPN LS B3 A3 mR R doB] 24-7 915 o F
BB ERE R BE

TR kR [39]

% i e TTC 2 PET b § 6453 B b enida s ig
* L R R A R 4p 1R o Zheng et al. (2014) W A R R A RA A
X ¥f 1 PF R 31T & (temporal proximity) % 7 R #%iT & (spatial proximity) > % Jg ¥
BTk R Ipihe & 1 AP F (Time to collision, TTC), s & & P B (post
encroachment time, PET), FE3EF o3 4 pF I (time to accident » TA), BEHLi® 1F 47
FF & (time to stop line), % 2 j& i P* A (deceleration to safety time), *| & p &
(braking time) * ¥ ; 4 g 3 BT R hirRipthe 45 | B i B2 FI4RFE

z,

# (Remaining distance to potential point of collision) » #| & §E#L Y &|(proportion of

S

stopping distance, PSD) * % o

His Atk 18 HF R gk » ¥ %3 Laureshyn et al. (2017)*'1 2 Johnsson et
aem&mméﬁwgﬂé’*6¢ﬁﬂﬂm%gw%¢%ﬁﬁﬁ*@mwwg
T g BRI NPT G gt 20 FRARRL GO ER G v FNERE
PR R AP 37 5 BApihanle £ 1817 4 473% 5 -Mahmud % 4 (2018)1%)
R F Aﬁﬁ@ﬁw@’%m@4¢?%¢40%%@@&*’@Eﬁﬁ%ﬁ
HA 08 53 kR D (TR 23 B i (lane-based traffic) » it &g B
PR By F A E mﬁ&~%%%§ﬁ~%§$’¢wﬁﬁﬁf%@
I ERIERESE TR ED AR L s A D EI R B
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s &’Lmiﬁﬁ'—a?i* RIS L b SRy R El s e N R
- BERE- HIFZDE BRI o 64 0 Tageldin et al. (2015)* 2471 ¢ R+
AH- BRRRAEES R o F P F3ET g ﬁé’: N0 I 0 NE - I - Rt
I M (T 4o i R (deceleration) ~ R iE B %1 F (jerk) ~ # # % i# B (Yaw
rate) ¥ iF 5 ipfEAF AR AP R B i £ 4{;‘% » Chen etal. (2017)*14 47 7
RPLT NF AR TR B R EER 0 3 AP ¥R PF R (Relative Time to Collision,
RTTC) fr 15 & & PR (PET) &3 »xehitr R dp 4k

-

245 2EFRAFLE

R X 2aFE RS G 0 AP Y EFE T Surrogate Safety Assessment
Model (SSAM) (o1 R e Bl R AR NG BT M FR A T et e 3t E o SSAM 3
&) B 2% 2 i B (FHWA) B 3 chdic %8 ( Gettman and Head, 2003™7); Gettman et al.,
20081%1) » iz B - 3 5 £ HopLE Uk ﬁfﬁ«e‘-f—r ERUEY i’f—r 1 £ o> wmm@ 2017

Elpd 5= xk(SSAMVers1on30) [461 5 22 @ F7 ;¢ Tﬁ_'lv{" Fl N ST = d
}g"ﬁé'%%'f xéq*ﬂxélrr}?ﬂ’{ou"f;i&—)r’-SSAMm E‘ 45‘23‘1513&555115.{1@
o

1. SSAM# ® 2 # i i &

F BB =R oo g B (FHWA) B % 41 Surrogate Safety Assessment Model
(SSAM)“lgcdf » & - JE g » 5 4% Pedn 1R o SR U HCER HC5S (microscopic
traffic simulation model)#t % 27 2 & 23R HL E > d LA E & e
i HERFR o SSAM gt A 42§ AR D IR hin 1 \@J Ik (H Bl 2
5.trj)> # 35 VISSIM ~ AIMSUN -~ Paramics fv TEXAS & w B & jifickg oot
PR AN S - F e R Re (timestamp ) £ 5 » & B & 7| & pFR R
aé%?ﬁﬁ%@%,ﬁﬂééaiﬁw R0 - N NS SR b';’4E1§}§:*;FFILO
SSAM i iF 12§ 53 & S E AR 24 enE rI#FHW‘ PHEE > 22w
Ao ptrd b2 B3 F A agdkiEE T CERF TReG - £
tF % ¥ % (conflict event)’ Tﬁ%l ﬂ'. LI R L R Ip R E - 2t b SSAM
*TPaEﬁﬁi%J“"fﬁr REA PSS B2 W R A REFH O IR F A
& ) it o Gettman % 4 (Gettman et al., 2008)*% 2008 + 45c713F 2 &~ ) PlA T
FE3W SSAM it if * > i Efh R 2 iTG o
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SSAM *+ 2017 # 32 4} & = % (SSAM Version 3.0)%1 » 8 42 5% 76 78 4.2 22 &

%J._rg_;,:;:;; ’iﬁ%i})—ﬁ'—ﬁ;{%f;"—% LA ‘féq’f &té‘.f’r,}:ﬂ"o LL’;}{ﬂ\ﬁ] 7 @;JEE-'%)%L
%**H‘W”"HW'%ﬁ%wé‘%ﬂsw%‘%?% EEELRAT AR - K

BT R BRI e AR R F L 2 R R T R
U R SV G M i 2 12 B4 IR 5 5% (Comma-Separated Values * CSV ) > SSAM
TN g fRde T

(1) 742 PF B (Minimum time-to-collision, TTC)

() 14 = ¢ PF R (Minimum post-encroachment time, PET )

(3) A= 4~ iFk i# & (Initial deceleration rate, DR)

(4) # =~ :# & (Maximum speed, MaxS)

(5) B * i & £ (Maximum relative speed difference, DeltaS)

(6) fir % ¥ i > % (Location of the conflict event, CLSP, CLEP)

(7) 3~ ¥ (¢ 1 B £ (Maximum “post collision” DeltaV, MaxDeltaV)

& I8 dp Heerit HBIEE R E eI TH 2485 B 2 LR RSTE 0B 5B R
LAl uR e Lf SR f‘m ) iR F 2 iEAEY 0 TTC ~ PET %4545 > Flpt - #
BFREER G - Lehk ko

) PET

crossing vehicle | .

TTC :
conflict it aad /\ /p.fojected.arrival at
point DeltaSy eV : -7t conflict pt
ent

encroachm

Distance

*__ actual arrival at

begin — " conflict pt
: Initial Pecelerdtion encroachment
i iRato end

rx. Vlahucle begins

|
Through vehi i . braking

I
|
I
1
1
<

Source: FHWA
?‘1[ Xkt [46]

B 2.4-8 SSAM L FR dpth2 3-8 Tk
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SSAM ﬁf,t}z‘ui ’fﬁ?;‘si iR A 0 R A T2 B 2 AV IE
TTC £ PET & » e H ﬁ%ﬂi&ﬁ% EtFERBEAZD G o ?A#Fﬁﬂv’ SSAM
AR @EF I ’rﬁ?x#ﬂﬁe TTC bh’ PET i* 5 & 7 ?ﬁrxa?’"} 4 2 kyp > SSAM ¥
;’E?w KL EFF FRIpIETFPIEEFRP 2 i R AR DAY qﬂ%}
V4 fﬁrﬁfi]- R A 2ok o

SSAM ¥R irREF BT A  RIFFRETE2FAPES 22 FonfrR &
% (conflictangle) » #-#rR ¥ 2 jFag 5 ™ = A1 ¢

(1) 7 4&74] (crossing )
(2) # i % #£ 7| (lane-changing)
(3) i #&.7] (rear-end)

TR AR FE - PRI BRBPFE AL F &R )30 RRARE L i
BAl § AR WSS RARE 25 A0S XL RS D FRE dom
24-9 . b ERR U A SR AR PR S TR E 0 R Y F T 0P
pdE -

85°
@
8 = conflict angle
8, = rear end threshold angle
8, = crossing threshold angle 8,206,
Refer to User Manual for
more detail
FAL &R ¢ [46]
Bl 2.4-9SSAM i FRMEA| B R L B



SSAM &Szt B 3Bk o Gt 2 chiiesR 2 2 5 L& 9145 34 (Gettman et
al.,2008) > B FIXHKTE - MFHR B IR R A H7 o Iiii%%’”/\ 77 83 B ®
TRELT 0 3E AR RIF A & VISSIM 22 B d iiER 0 £ @ % SSAM i
FRUMRAFT R A ITOFEREE L EF Bl F wuff @ Bcdp:E 7 ¥
SR A F AN EFAMN > S RRIFR R S L e B
M %3 4eT™ B 2.4-100 2 4p R+ (R-Squared) 2 041 %H R EE L 5 2 £ &
fes e b TFREAR S i Fdax oo

R eIl dhp R IR FEREREOR AT EKE R - e MR
Flr R g X B %&%‘am" N ERHIT S A4 EE?.F;\ CH R A E R B R
FEodg iR BFEES MR P RS T i VB AT s

A L mw o

., N\ 1419
Crashes 0119 [Conﬂzczs]
Year Hour

TR kiR o [48]
W) 2.4-10 SSAM Sk 347 2 2 bk i 2 i ¥ sokies W i

2. SSAM p B A= 3

STEKF AU SSAM A BRI E MeFT Y 0 B MR RIS

BAr BRI TR i BRR ; = % ¢h% >4 o Huang. et al. (2013)P14F
=4 VISSIM HB#c R 2 SSAM it (7 2 i Br 5 3 e apld » ¥ 1L BELIER
oot g 0 247 SSAM # & é‘%{?ﬁ?‘%ﬁ%? i fERFRAR

VISSIM #ic;t Lt iF Rz £ B iy *xiﬂ TdoinE @ F S REFEFERFE
P %5 SSAM P EfrR > T U BAP BRI EFZILFERE 22475
7 A% (ground truth ) - +v ﬁhﬁ jﬁ iR R i R R R 2 A f*%e ko SSAM }?}
A FREEERD O PR B2 Ty SR B, RFEREZE G A
#% (rear-end conﬂlcts) #oinT 2% ¥ 4 v 3£ (mean absolute percent error,
MAPE) % 18% % 20% - B rR ERIHCN § 7 428 nifplac 4 5 2% fFR
(crossing conflicts)) % & ig %3 % (lane- change conflicts) 7 MAPE %% 2
31%2% 38% > WFRIFPIFF IR RIAe 4 REFY BB A ¢ 4
Fan et al. (2013) ~ Wang and Stamatiadis (2013) ~ Guo et al. (2019)% -
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W ELIEREFIR 2L enis > Stevanovic et al. (2013) # i 1 BLIERE ) L i
FHGE IGO0 N VISSIM 5 R AR TN S 22 e S iy
UMM FR i 0 T - 0K 12 BER T R 5 G TRE O FREER

LBzt s A2 X R MU s F R T B 5 T % 9% il FR B AR
Ao - m*iﬁ?sﬁ%?lﬁdl;"‘%’;uwufﬁﬁbjnfﬁ)l.mp TR ARARFEE D
2R IFT e B A B P L RN F ML R LR E ER £
EERER

Vasconcelos et al. (2014a)l°® 2%z AIMSUM $ifi -7 #5 fic SSAM & (72 v

X AR 4 0 A e R iR A (RS o (four-leg priority intersection ) ~ ¥ & if
[f]1 7% ( single-lane roundabout ) 14 2 % é:‘g 2 R g v (four-leg staggered intersection )
AP R REET oL ﬁ;ﬁ’:ﬁi rR B ® 2 ¥ &3] (accident prediction
models » APM ) #7352 E e 8 P2 L B> S5 FREF £ L3505 p i £ 3
oo IEREF M A AR S RAPR - O RIEBERE T R R S T S R
RibFR B FRARZ TR TR B R A Bk T ERER Foh¥
ABF LR PRl T 03 b 'k ® £ o Vasconcelos et al. (2014b) #F37 F RenH
# i (single-lane ) g # i‘g’(two-lane)"l 2 2L 2R e % 3] [f] % (turbo-roundabouts )
el F: ST A _-lzx‘f\,%/ FeEg > gy o @* AIMSUM £ 7 4% SSAM & 7
TR A e ,&%&p‘%,fgm RS F 4 AR o - L F A PR T o
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¥

e

T oRABE BB

31 EEinAeZ g A B PR

TH AP

w
|_\
H
%

>
&

AR AR 30-10 ¢ ZEAWIFET FPIER (3
\iiv%f';l*) BT rBR T ETLEPTE &

N3
Y
/4
ﬂ;@

1
L2 BLISPE AR BTG B L TR L L PR
FWRFECE RN LEFTERD o ¥ BAPRECEUPAFRE
Wi P RFLF P o

[ At T b | 1 SPB 20003 -
2. RfEE A
3. BRI RIS -

l. ZE I5AR(EZAREEOETF ~ RBEBYESEP)
2. 4a¥ AT E ¢ 1080P/ 4K > 30fps

ERAEME |1 TiaMAL RHIEIT -
2, THFEE D HESLOGEEEME -
3. AR S > TEMUTCHR -

[ & A - stasmiasey | 1 ERMREBDEd R o RTHY -
2. HDMIUSB&# & > Bl B4 HUTCH R ~ E3a1%E 1% -
! 3. FlWEEH @A 0L - A GEY LI ORI HE - E D2 -

| et opmis | 1. LHEAME > QO THPH - RIIHEMELA -
2. R e éihﬁﬁ
3. ﬁ:ﬁ&ﬂ%#aﬁ“*

FH kR AT A
Bl 3.0-1 & A 42 @ ppl i inqz
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PYFE L FA N R G ER G B L B F SRS A 301
] 53

%F%ZT?&%&E&%J‘ .LE“LE.@%M?’ I B P r»%}]?lat%" W R R P
e

\«
=
gl

"MEFRLA PR FE AP EREEY P
cRGAE - R HEFFRYTS o K <]
A pRARE & B NEFE BT BRHI R o

% 311 B3R ok T4

B A4S DJI Phantom 4 prol’
® AR 75 = &
boi# 9m/s 11T
OF SRy 1080P / 4K » 30fps
35w N IRPRETEY A BERES B
2. ﬁ;&% G E

‘f iR Eﬂ'ﬂé@l
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3.1.2

RAPGE T PBARP

AET RN HEA BRI R R LR S R

GBI IFR Y o T2

%0 31-2 @& A AR

R E A S S

TR R R

FRE R 4ok 3120

By s e

Ak
bt

i

R R

45"’60 Aa\%_ o

X 20~25 A 4 -

FhiE

759Q,Wﬁpﬂ%
¢ 3+ JTdTie ¥ Ad

35 o &

é%%o

’ @E_"?f% )

47

A=K o
i 31270 ¥65 2T o ¥14 =
H H158 ~ o Y907 ~ o ) 5<g o
fa¥ R | 2.7K 44 30fps o 1080p 30fps ° 4K 30fps °
B~ hik | 8m/s 8 m/s 10 m/s
2k T A D LR | RAEEFLS TR (BT LGP
b BEPFRRE o | A P mﬁ@laﬁ?{m’%ﬁ;z R
EiET R A o *FisH o
VN 13 BB | AREFRRREERE | HFFFRE-
PR R B BT 3 ARAITR
R R e FEROFEA P A
_g\%g&ﬂo
FHHE | b Sm/s R®E LA ER | PR -
B oo
T AR AP EE
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= hd

e
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1.
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E

™

ma*\*q

v

\

RN («‘

\

<7

Bl

ik
B 40 5 (Gopro)2_ 1 5 45 A B e TR FIP T N 7 3

r

ng_)kg

Mo dm A M

R AW AR BN HEPET L 60 Ak A

iR~ WA R A #ﬁa‘%éﬁ g 7};@_3"; ¢ EFE o ,‘?&ﬂﬂﬁ%%ﬁ;&ﬁét—
oS TR &

NS
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P

PR T AT R R B FA L £ R T R R
52628 x20 24 X124 o B EHFEYH 3120

FA KR AL

27~4K > 30 3% /%) > B A R 27K 30 3%/ » R & R

TR 275U

Bl 31-3 1/ ERHOEE T 2 51EE 5 BIRE mE A 4
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ABA IR R RIRFERERER L EILL > 4B 3.1-50 7
L%Eﬁhm/}ﬁﬁgﬁﬁréﬁ%‘—" l§4E%F K E lﬂq%ﬁ’fg%ﬁ}tix éﬁﬁ'mﬁ

AN pFE D F0k o FRMBCARE O RARAL PREF R lem;hﬂf?“"" o
2
i

ﬁ%@%&%ﬁr:%%ﬁ%iﬁm*’%éﬁﬁﬁ%r
[N §

Bra A BRvRELEhEHE LRFRTRABI 2 - T4 BRT SR
FPRET R T R B ERR T R o

FTRER AP EE

B 31487 S a T LW
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TR 275U

B 3.1-5 15w &31!;‘5??9%&%‘? ’ /?'l;é%? S E A
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3. H EaE A

T 2 X6+ £ PAP 4 i ¢ 5% 0 X6+ - %—'»Mgub oA
B XO+F 7 dp T L 40 2 da 0 b o %ﬁvfgmpﬁﬂ VAR BT R AR RER
PRl A RERE AT A 0@ P4P 7 %Wﬁmawﬂwb@ﬁ’
ERPEAEZBHE TR ENT BRI B AFEA T HEF IR T AFTY
PEFR Y La A e F Y S T ;q:’}gdg%—,/ + B 3.1-6 ¢

TR AkR T AFTEW
Bl 3.1-6 DJI Phantom 4 Pro &

AAPFERT RRPFE-IGEREE BAPELLIFLEFTER T D
T FIEFER G O FE ’13‘_— X~ FARR <3 (3.4~54m/s) T Bh o BAF T & F
— ;‘j:-';‘io ﬂ/ﬁuﬁi—&\?—r ’ j‘o IE_ ]I_,_ F;UFIQ ’I‘lp 3 = /z'lf o

1. I‘f"q.jﬂﬂ gL o
2. ’l“f" _'I/E‘ A t&r} }jb °
3. gﬂf—xgéﬁ = 121-‘7}2»@ X2 BB o

321 #ERIHHFE
Z}:#ﬁ/‘%&E#&ﬁi%’ﬁ%&{@’fﬁ?,@@f&éﬂ&&%&iﬁ’ Y E S
300 2% koo RIS L EH EF AW B B E TR FERP AT

1 & F e g (U000 o vl > ¥ 3= 2500 33 93 48

52



i

2. ﬁFi&E&g‘_@ﬁé rgé.-;}%;\iﬁ 2% > :E 300 228 b oo
3. L2 %%oﬁiszzxséQ%ﬁﬁﬁ’<fﬁiﬁ$?
RBRTLE -AZARTBELF R

W PBHFF VAR L LG RE S FIRABAILT TSR > SRE S

300m( 2 © )12+ (4o B 3.2-1,8 3.2-2)- ﬂ&ﬁﬁ}i’“} FESBERT e 7 TATH
A PR & B A TR A BRI & ¢ LR

rrg’ﬂf\ﬁﬁzﬂ O, &%i"'?ﬁ'J‘r%ZE?in\?va*i?—ﬁ% & - 2- B >
TR L RARSE & $E - B HmiE R B AR RPN Rt Cl

¥ﬁfﬂ33§ i B %

Ll

4%}

PN :,’//
q”ﬁ@f?ﬁﬂ?ﬁfm/ N e
\hg\ N

Fﬁ KIPRISRILY

1 \
it e — T Ep T AN g gﬁﬁé&gﬂﬁé
M58 : 42.93 AR (140.85 &R) 3

7 kR Google Map

B 3.2-1 48E 5 ' % & [
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FIIMITILT B3R & WAL AW www.FLYERLEE.com
— SENRRZRAELE

x ARERNA
vy WRERRELYNZEA TS RIEERME - MRITMBRBOLRMT -

0 RRTREEROLRLL

"e '»Ii‘{i“,

7R kR flyerlee.com rermaps

Bl 3.2-2 #3541 LnE % T 5
322 FhHEAPER

Bt mE o bldcdih e 4 SRR BEFNA S BEFE BT - pEES §
FBRREI TSN Zi%’,fg\ﬁ”ﬁ)i TRz phiE o AR IR
Zh 101 # 11 7 26 p 3 # 2 f4L2 48 AIC 04/2012 & 555@%4??,:‘ #(UAS)
R Mmrizﬂz T2 TE LB Y B TR P F P T UAS/RPAS
SHE BB EA ek 32-1) B Te i A2 fak i 4 oo
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