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ABSTRACT:

This research is the first year of a 3-year (2021-2023) project. The purpose of this project is to continue the results of the
previous research and development of traffic conflict analysis tools. In addition to conducting a yearly pilot test program to verify
the maturity and limitations of the technology, the project also aims to cooperate with local governments to promote the
application of the tool.

In order to analyze the traffic conflicts at intersections and the behavior characteristics of drivers, the preliminary research from|
2018-2020 combined new technologies such as drone aerial videography and artificial intelligence image analysis. It used traffic
conflict risk analysis technology to establish a traffic conflict analysis tool. In order to verify the maturity and limitations of
relevant technologies, this research took an inventory of six common traffic conflicts at intersections through expert and scholar
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conflicts, non-signal intersections, opportunities to turn left (advanced analysis), conflicts between people and vehicles, etc. Two
pilot testing plans will be conducted every year from 2021-2023.

This year, it cooperated with 4 municipalities directly under the Central Government to handle two pilot testing plans of
opportunity left turn and intersection crossing conflict, a total of 14 intersections, and the analysis of 4 high-risk intersections.
The pilot testing plan proposes three categories of driving behaviors: risky driving behaviors, illegal behaviors, and traffic
conflicts, and develops relevant trajectory judgment logic to complete the detection of risky driving behaviors or illegal
behaviors, procedures to provide a reference for subsequent application of analytical tools.

This research also continued to optimize related analysis technologies, including the development of Oriented YOLOV4 to
simplify the image analysis process, shorten the processing time, and improve the accuracy of vehicle identification. The traffic
conflict analysis software added a vehicle speed heat map, as well as the scale and number of seconds difference in traffic signs.
In addition, in conjunction with the two pilot testing plans of opportunity left turn and intersection crossing conflict, relevant
analysis modules and charts have been added to further analyze the possible causes of traffic conflicts to assist road management
agencies with early intersection traffic safety analysis and to improve this issue.
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S God N PEET A {p I j;s Tl A G T T R TEOR) P R 2 AT
WS % > AEHZ 2 AT w ’I@:"w » A B T A T fe BB
Bk o A EREAR LT AT o

gh“( —D

SORT ;& 2 HF8 A E P np 2 E3]7 M BT T ad i i)
S ek BED R A OVERERRE P 0 B R I R R PLCRRAL - 2017 £- B
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2%+ SORT 1#73f B> 7% Deep SORT 44 4% 111315 ez X % it i* 42 o Deep SORT
l-@#%g&-&_fv?ét)\ K ‘/F)i’gﬁgéj A 71‘%\‘.,? {-JL}E—f'r 3 é)"ﬁﬁ’ [M;%Eé F, = T
LRI B % BB O 2 BT ook o

BAESR T FRIRARVAS R 0 BIE 12 E ) ke
Mevg B > PR32 AL amFET ST 2 B2 2 LEFLHE Windows » F]pt
Fr B ERG e aue 2 R 2 22 28 B afite 640 YOLOV3 & Mask
RCNN Tl B AENAENERSEE  BEERE e DD EARSRAEE TN

AAENFECFENEEDOEREE A RS HI BRI A)E e HE I
(7 DB R B 3 TR £ CSV 5% i

"\

M FAPRTFAEERU I LIEATT T R e L ik B
7 (aligned) % % I_‘H—‘"ﬁm2D T Efom ARFRG R ES AFF LI OpenCV
¢ 1 findTransformECC &3t » H 2 kF o HR P A% F o T ﬁ?ﬂﬁ#ﬁfrﬁ“i(warp
matrix) % #c » £ % warpPerspective w}\ Jf"’l#g A i %‘F"‘i S BERLI F o
POEnEEE R T MBI AT 0 A 2 AT F - SRR '@"EII‘Z'»P" Fod
ﬁﬁﬁ??‘g{ﬂﬁﬁ viER s PIREFAY 7 ] :@Fﬁwr)ﬁ?” PR Py o
B S PE Y 5 ) 7 g R S 102411024 ¢
R FELAKER o Rl g i‘fﬁ‘] % 1080p B2 R & £ 7 i\*i'%] a1 o

-

BT A~ BERERS G 0 A3 F T 5 Oriented YOLOV4 2 & & A *+ Scale
YOLOv4 78 4+ $HF & o ficil (7 13 220 & é_ﬁ iﬁi’ﬁ?’—é 1& B FP ,-a— 5\ B oEE L

7
%ﬁt“ PIRE DA 0 g zP‘JP%bﬁxér*ﬁA FRB stﬁiff)’r 4 ffdf@m?’ E’ S 83
a@@ﬁﬁﬁﬁig,@a%;iAﬁﬁﬁmwﬂ;4%igo%@%Hﬂﬁﬂ
FenE A /B RERIE S ¢ £ 598 SORT i & 2 E B & T et it u M
% o d % SORT #.if Hit 1JQ z:a’%’m eE o P R R hR BAR 0 TR
SOIPSTEEAL R B (R0 2 2 P E P B AR G PR R R R R B i
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PHZE I 0 7 ﬁf;i;“»[g'z«g%’;‘p\ ENF R A o

B EAE i\ » Orlented YOLOv4 # # 7 /B 4@ if Bl % > o @Rl %

5 = ]]} < |i#% W %n{f}fu ;]7" I— IE# (EJ I‘_' B ;]'7” ‘k‘F’ E"J 1 f-‘l‘ i}:l‘:i—‘;"'lj T':‘; "~ }i—f‘;—
&%o g .w .«g EEO P RESA B AT AR B R FEHO LY
L BETE A B T SRR T I e 2 R B 3 BEE (tracker) 0 F BREBE S 77

Pt Rl g G B R RE S Bk GRS Slicdy 0 B3 SORT ¥ h
tracker.update & 7% & § F7 & $r 12 0 FLERBE (20 14 R LR cPAS A28 B R T o

d %% SORT ¥ % L4 2 EmprfF AL B> FL i ? v By 2t ing
Taloo Fpt o R 1% Python ¢ interpolate 3% &5 ¥4 JF FLpr T LB (7 ) B3
B A %ﬁfﬁjﬁﬁ,ﬁ?’ém o B s o B RS R LN P Mre); H- 46} ehd g
B F AR (740 L (voting) 0 B I K BB g nl i s 4 o

R EEEN T o d & B E R kP SRR F A ET Y O
EEAEER e 2 @ RS0 QU AR HREN AT o F e D R
g el R R R T R B TP *b”ﬁiﬁiID‘*ﬁ”ﬁ’é P & (frame) ~
Riar B (frame)~ &~ Br sl R HE 2B 5 1 L2 pd %
2F R E s - 5:]??%#’»7#:1 CSVihkwe - v » B S dymiz} ¢

5 4
7 BIRA4 B EARX y) R 2RAASERPY T E- F 0 P EHGHE
BEMEFHRE > BIRFEB NI Fs N & o

PR IEM TR T Rr LR FEA M ERTRR
3 @Iiii‘ = A 2

AL RTESFEAETALELT TSR Z LU GRS 72 R0, g
SR EF XA AIEHE Y R T PRI TR A TAF S TR AR
R 2 R A TR EI%%*@i*iﬁ v A ER AT AT Y g S
%o MRS B(F)U B AP LB BITR L 0 F S 07 R
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HAE oo BlR-g A 2 A2 BRI S BRI A
@ P A 0 TR L 4 A

RUFERZFATADRFERE Y T o7 2 HpFFE4 - d Perkins and Harris
3

3 196710 S R BER A R o At R R ERES F i
o2 BnBl o B0 HE Y R R R T R R 1 MR g

& 37 R R Bl .

rRE e 2 B AR 2 % - TR i > Hydén!'™ 1987 & &
N& 218K & F 55 (Safety pyramid)» dp D4R iR 0 Ao @] 2.2-1 #rr 0 AR
WEHERE AR VR - BB EREE  GRECRESET >
BRERRE &G M 2 RRERRASFANRITRED - ZHHE R £FERA
Ry R A dmpe T F g 2 A SFARE  PHERTE AEFE RS EAR
BRBEF2AFHe AicBreM BT ¥ UG EREE SH&KE AR RMD
RHMFREE IR ERERE P AP IR TEE EdET
Tarko (2009) !"lp It BAF F frpeE A2 R A5 R f % 2002 By > 2§ %
SR B P FIR A B 0 AL AR RS A RIS T R RMK o
Sacchia (2013)12°1% 4 > 2013 & e#7 § 4 4 ) 0 5 BFR 21 LR DR SRk
ERFRLEAPM PR AEERET T AR R PN AR

Seeg 4

Accidents( % %)

Serious Conflicts(i £ #7 %)
Slight Conflicts( ¥ 224 % %)
Potential Conflicts(;% 7 1 %)

Fatal(7& ) P

Severe Injury( £ %)
Slight Injury(424%)
Damage Only(8448)

Undisturbed Passages(# F 78 i& 4T)

T kiR 18]
Bl 22-1 % 21K £ F 5

Qﬁt?{iﬁii:&ﬁ%iﬁ%’?ﬁiEAQm&Ffm%&’iﬁ
BRHERLIE B P A2 (75 89 & g ERAL FRND 5 FRBS
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AR E s B EER A 2 G ARAR Y o LA FTERR P L BRR A L R

%ﬂﬂh\waﬁﬁkﬁﬁ%ﬂ1%°*ﬂ”‘?’ﬁ#ﬁVUﬁﬁ~@ﬁ7<”&£%%
#ﬁzﬁﬂf%ffﬁiﬁa BB ERT G EHEPFELEI LG 29

F}-’I‘iﬁé T s 11 fﬁ%ﬁ_ﬁ”l}k Ké;g .

THEREHET B
2y 0 T 5’*15-%:@?@?”{3"] R A 5
(diverging conflict) ~ #& /&
4oB] 2.2-2 9o

POV RIS A C»ZL N

{7 "R (sequential conflict) ~ 4 jn %

@R

% (merging conflict) 3 7 4% # % (crossing conflict) [??]

> >

Sequential Diverging
> >
” |
Merging Crossing

TR kiRt [22]

Bl 2.22 w48 %3 0% 7] i W)

kil

Fatrt o 2R TCT £ Blgfrr o 52 4 ¢

A% R - B fﬁ:”j';\f—?&gf_éiﬁa’@;’—;‘é\:'z

o # yf\ﬂx:féuz“ﬂ'l:t&f&lp\#imuﬁ%ﬁr’ﬁéﬁ AERL 418
; PR FABBREER > B L w5 5B

I

RIS

RLFREEF I %éiﬁ?ﬁx*iéﬁ—-’ugllgﬁ%‘" IR E Dok W Lend B
Wi R g R A AL PR (Time to collision, TTC) % %é b pE R (Post
encroachment time, PET)?Ue g g pr ¥ (TTC) e % 2 3 2 BAIF T D A 7R &

1=
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\

BAENFRTd d g4 mR il n §irt Fuss 284 FR 5 guie
# ¢ 1 TTC # ) & (Minimum TTC) # i Fxﬁ“"?\i & mffﬁ#ﬂ B4 . 5 im k EEF'&
(PET)r’v’ﬂ»ié&éﬁ BRPFTERFEFAE D E- CPRFRFER RSB E Y -
ErNTFRERBZEFERZL o M3 TTC 2 PET vt & = 50 ’;ﬁ—ﬁ“{ (23]

FREE2ZARERFFTTC) N & &4 FFPED#ET F P 4 midg oh
R R E 2203 A3 2 3R 1 ¥ AN A FRZBERAE )1%
Pl b RATE 2 BREARR 2 F’“%i;‘fﬂ"+?)§’<“’1“/;~pﬂgfmkpm°@~i i
BIEREAL 2 iR T 5 Cooper (1984)[29:% i 4 1 - feen™ N i3t L Z?-ﬁ»;
v & ip PET enir R e {rd] i > K d FRF - KL o fFriraairr o
B REALE D BE BR(0~15 F)) ¢ B R (1.5~2.5 #)) E AR (2.5~4.0
Fi) e m fe3h iy TCT Hps+ p  #7%< p (Laureshyn and Varhelyi, 2018) 1 » py
AR L adpik TR 2 pF [ (TA, Time-to-Accident) ~ ## % i
& (CS, Conflicting Speed) > i BFR F 2 87 P& chd|drikdy o frRF 4 P
fi' (TA, Time-to-Accident)dq <8 A4p f {f £ & * % BB EAHEF 4 R
Flakp > @ & (CS, Conflicting Speed)dp 3 4p B 3 £ 1 * 4 Priw F
AR EFTRER o A3 TA 2 CS aficie » i@ % B 2.2-3 H|ériirk F 12
TR EARR 0 d ﬂ“‘ FiEER - FRFAFFT R EREIAR €L F I
R A<D A I RE - BFREAT OEERERREELFHERY
APEFARS A TR o

“ serivos conflict

Conflicting Speed, kmvh

pon-serinos conflict

0.0 ns 1.0 1.5 20 2.5 .0 15 40

Time-to-Accident, sec.

AL &R [27]

B 2.2-3 % B 2 Bl(Conflict severity diagram)
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y et "‘/T‘ Ty e TTC 2 PET ¢h &3 R 23 FIE? b ali §

A A e B R M 4p R o Zhengetal. (2014)%13 01 2 i R R 4 R T

LR A A A LR PF R BT R (temporal proximity) % 7 B 31T & (spatial
proximity) > % Jg PF R 31T & ifFERAp s 3 oA . P B (Time to collision,

TTC), {s &t p* ¥ (post encroachment time, PET), FEHE 3 4 BF ¥ (time to
accident TA), FEHLi® I+ 4 PF ¥ (time to stop line), % 2 i i& P ¥ (deceleration
to safety time), #7 & p* ¥ (braking time) ¥ ; % g Z BT R chirR gtk e

0B B LR B 2§ 4 BE 3 (Remaining distance to potential point of
collision) » £7 & EEdf 1t i|(proportion of stopping distance, PSD) % % - H i i
RCRE R skl T )I;Jc » ¥ %% Laureshyn et al. (2017)?2  Johnsson et al.
(2018)1%1 « Mahmud % * (2018)B1 .

224 RudrERAT1E

-

AREE ranTR1 E 2 g 0 A2EF B4 Surrogate Safety Assessment
Model (SSAM)B‘”ﬁ‘W R AR AS R TR BFR A T4 3 8 > SSAM £
2 W E 2R o ik (FHWA) B 3 0048 (Gettman and Head, 2003831, Gettman et
al., 200813¢ > B E - LMD TR AL X 2ITER DI L P
32017 # 48 21 % = X (SSAM Version 3.0) B4 » :x @ f2 ;% 78 % e —;‘; F
B0 TR RS EL KR 2 REAY -

—: _\/

-ﬁ G

2 W E=R o g B (FHWA) B % 10 Surrogate Safety Assessment Model
(SSAM)PYgc 8 » B - sF pb » 5 AT edp 16 $HACERE JF 05 (microscopic
traffic simulation model) e % £ 7 2 i % 23 eh1 £ » o JUir gzt 5 8 0
% i R R o SSAM & A 3 f@l%(ﬁﬁ - %&%}Eﬁ?ﬁﬁ'ﬁ’féikﬁ A (H B
R ¢ % .trj)» # 45 VISSIM » AIMSUN + Paramics fr TEXAS % 4 & i
RO P AR A AR G - B R R (time stamp ) #E)%» % B e 7|
ERER Ry Dipldy o B s 2B m2 B B R B F A
WRE T o SSAM if T R IR A A E kAT LK T sedp iR E
B g:@mmﬁ*i,/;ﬁ 1B 2 [T B E A ) i i i B P P
e s - 4% FR ¥ i (conflictevent) > F é’ls?J N R e R
InthdiciE o g0 SSAM Tl B N EFRF AR B B B 2 Wend R~ AR
FEA O IRy 2Tl & F 3] s o Gettman % 4 (Gettman et al., 2008)
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%2008 £ BOledp 24 i8 — PR X AXILSSAM st i * 3 E b G2 iR

SSAM *+ 2017 # 4 1) % = % (SSAM Version 3.0)*4 » & % 4% 5% 7% 7% £ 1
ﬁi“?ﬁﬁ’ﬁﬁﬁ@%ﬁ@*wi‘éﬂiﬁﬁﬁﬂ°w%%ﬁ“ﬁﬁ
FRFP2ZNEHET B R e sh 0 8 F ERFET S LT F
A iﬂ’ia?’ﬂi;]ﬂ'. QL@‘H\‘L%;’E ~ B E&@‘ﬁi}iﬁ wA 2 Bifr”w B
Pk R IaT R AR L T O R E 2 284 R F 38 ((Comma-Separated
Values » CSV) » SSAM # * 1% o S dp fhde™

-

- ~ AL PF R (Minimum time-to-collision, TTC)

= ~ f¢ & § pF R (Minimum post-encroachment time, PET )

= ~ A2 4p 5 i# 3 (Initial deceleration rate, DR)

z ~ B = iR & (Maximum speed, MaxS)

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

= ~ fiFrR ¥ # = % (Location of the conflict event, CLSP, CLEP)

=~ & E (¢ B £ (Maximum “post collision” DeltaV, MaxDeltaV)

(%)

%15«3*1‘ Eﬁiﬁ_ﬁ T & AT E 224 5 B 2 pET HLP B AT T o
B op B %%ﬁvmﬁfwrﬁ 4R R EERF AR D TTCPET % 45
Flpt - BHEERFER G - Lk o

PET

crossing vehicle | '

TTC :
conflict it and AN /pfojected.arﬂval at
_ point Dcltas<7 : 1‘ _~"t conflict pt

-

Distance

‘ encrg:c!\ment 7 »__ actual arrival at
gin — conflict pt
: Initial Peceleration encroachment
i iRalo end

m thucle begins

I
Through vehi i I braking

Do e —

Source: FHWA
?‘n‘»’ Kk :[34]

Bl 2.2-4 SSAM % i R4tz 3+ 8 &
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SSAM # B2 FRF EauGps it > WH LK T2 B2 FHv iy
ﬂTKﬂ?ﬁTm’E,Efﬂﬁ%Z rREFH2 b o Pﬁ?@%%ﬂ
SSAM i & @& * L R 45 4% TTC &2 PET #as 2| bR 83 4 2 2 ik dp

SSAM ¥ iR ¢ * K3k % '“%ﬁ’ﬁ%%ﬁﬁﬁ”fﬁﬁﬁm»fﬁxiPﬂ
u%&,gguky; E R A 2edd o

S&ﬂiﬁii@%i’if R EERE R A B 2 iR
& & (conflictangle) » #-r% ¥ 2 ff? Fe T 34

- ~ 7 4%7] (crossing)

= ~ B3 %37 (lane-changing )

=~ i #&7 (rear-end)

R AERLE = ﬁA%Q%ﬁmiE o § &R 30 RRIARA
gﬁﬁg,g@§«¢85&mﬂﬁs B4 o A C F 2 BRIG 2E R
A @l 2.2-5 A5 o P EFR A A S OBER AR FPEESERE > R
FEOTEMR o B

180° 8> 8,

@

conflict angle
rear end threshold angle
crossing threshold angle

DD

Refer to User Manual for
more detail

FoH &R 1 [34]

Bl 2.2-5SSAM i BFREFAE R & B



SSAM & i 38 2+ ﬂlﬂ%é.@%ﬁﬁiéﬁﬁjﬁﬁé%%ﬁti&fﬁﬁ@#
(Gettman et al., 2008) > i& (T IR hH2% 7 ~ I FHF IR B A 17 o WIFHE A
$77 83 BP H X HELT IFF T R T AL & VISSIM iF  HeEL D iR
L% SSAMiEFRUBRA  FRA IR ERELEF 2o i T &
ﬁéﬁﬁﬁﬁwﬁ’%%ﬁﬁﬁﬂ¢‘ﬂ REEAM 0 F O BATR RS
& FE U Bz St RN 4o T B 2.2-60 2 4p B4 (R-Squared ) i 0.41>
%ﬁ@%%iﬁiﬁ&%ié%%ow 1&$*E*?%Wﬁiﬁ%ﬁi
ﬁiﬁ&ii~i@%%’%§&giﬁ SRR N N B RHIT S A
B donmaA  UE SR T ;} Lz H Fmﬁﬁg;&g»ﬁ A B T e
%%ﬁiﬁ&iwwglkmﬁﬁpiﬂ?ﬁﬁ&%w%w

Crashes

. 1419
—0.119% (%J

Year Hour

FHL KR [36]
Bl 2.2-6 SSAM B3R 2 2 ek #icdr 2 i £ sl M

%F%Wﬁgﬁ&ﬁﬁixﬁ HREFIEE

R H BT Aﬂzﬁ*ﬁ&i@*ﬁﬁﬂ‘wﬁﬁd’mﬁmm)
ERTEFFLET R AP E 2 BEFR RCTF

FH2Z AR BE TR o

g Zidg e Rk BRI 22 (75 0 VLG
#r R = & (opposed left turn) ¢ v 3F % # (permitted left turn) 391, g2 < )&FJ& H- ¥
€ EATF RehT 2RI TR 2 EIEFeE 78 2 R (lefttum
across path/opposite direction, LTAP/OD ) o @ } v 7 :Lf%rrf\a‘ﬂ BB IRV T T
B @R E B g BEEABR A 0 'j/)a YRR T %ﬂ-ﬁ"’f
B k8322 AR B pragr FARBRR AL crossing conflict
g¢ cross-traffic conflict » ¥+ & 2 £ 4 4] ik 5 < 3, 4 (Right-angle collisions) o <
Fea AT EnFR KR A & 538 % SHRP2 ot g HORIIRI 2 g g g el ERIBAIESIEO
BEREFLETREFAMITIRTY c NTEHRET RO T 2 REFRP o
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Mohamed and Saunier (2018) L& * g ¢ 3854 3’ fg»\? SRIVE-A WA
15T X 2 R TR ﬂ,ﬁg ﬁméﬁ\ ] TTC #8255 2% &
# iﬁ’a&_;ﬁ@ﬁ“‘ 2ok B A A g FIpE @R IR RS 2 (motion
prediction methods) s & & §@fLhr ifplx B & & 2 g2 30 > 4%&;1—.-
At i& {7 »eep| £ %% o Ohetal (2010) ™4E24 7 A gizaitpar ¥ > 28
BORE TARD T S F A 2 FRBRLE (AeB 2.2-7) FlA R T f@ﬂ@;g;
fﬁgf’*#ﬁ S BRI FEF B TR AL o RN R e

v

% - (traffic conﬂlct decisions ) ehE & > REERR A AT B E B

-~ % - %3 (Level 1): # f@mi& & 3L34 (Signal violation )

% % (Level 2) : #=pcé=% (Slight conflict)

%% (Level3): &' % (Dangerous conflict )
=~ Fw &% (Leveld): g 7% (% 24 #sid ) Serious conflict (accident) )

N
#Y

fiv 1y
»

Jui

»
»

S

FoFiHH BRI TASE BRI P RIREE Y ik
;&%i’%&i—w”ﬁwﬁzF7§%%i@ﬁ°$:§&&M'§&ﬁv

ARG R ERS B ERE T LD H R RIERE KR iR
PR A S P B JRR T LB LS Sk

(&) Opposing Teft:tuen conflict (b) Types of Cross-traffic conflicts  (¢) Typcs of Cross-traffic conﬁicts

(Through and Cross-traffic from (Through and Cross-traffic from
left conflicts) right conflicts)

(d) Types of Cross-traffic conflicts (Left-turn and (e) Types of Cross-traffic conflicts (Left-turn and
Cross-traffic from left conflicts) Cross-traffic from right conflicts)

TR kR - [44]

B 2.2-7 2@ D n#rR % TARD N2 FRERL
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AR T HEARK 3 & 0 Jiang and Zhang (2016)*) 2 Jiang and Zhang
(2017) 1401 & wjgE2d 1 BLiEi Br 2 2 @ 5 % R (LWA)Z & 2% iF % (TWA)
(R 228)2 03 - $FR2 XL ELFI R HEFR LD AL £ 53
T T —"?13“"”—\?“&?’ "Lt ﬁﬁ@lﬁg"ﬁr&ﬁ}r’ikj » T2 2 Egﬁ
FENZGERFRCEFE T 2L oon AE X 2 PRI Y TE o
A AT R RSB R AT R R0 B R AT HE (R
PET 45 1%) % £ A 424 £ # 3 #°3] (Ordered Probit model ) 4 47 LWA 2 TWA
#%m-«» DPHE AT REFILOLWA 2 TWA a3k B 47 L R 2 fk
ﬁﬁ’i Brak 2T s L& RF]S AT R AFHEFRT LWA
2 TWA (4ciz 2 47:8 LWA 2 TWA %Fﬁ B EE ) TR O P T
FETFAAYILWA 2 TWA R REGOE T E R F IR 2E 2o

‘ k Left-turn waiting area
s | I IIIIIII
waiting area .‘l_’n‘lcmim crossmg
_/ l ) L~
.. .. n : s
-— ﬁ | r-l -
s \ =
B — V) -
=) i
e — |
——————————— =
—— B S
_— et
> A 4 | " Stop bar in the froat
Sl il 5 (4
Phase ! Phase? Phased Fhased
" Stop bar in the back
T %9 ¢ [46]
B 22-8 2 # % 5E%(LWA)2 & 25 5 % (TWA)LFET BT 27 % B

EFEABHEH FETLHPGIBEL FEFLHFE R ZHS



BRUrEPBPEGEFTS AP A T B s 37T L 4o DataFromSky
(https://datafromsky.com/) ~ GoodVision (https://goodvisionlive.com/) 2 Transoft
Solutions (https://www.transoftsolutions.com/) % » 5 i Al B2 ks 47 % i A& 714>
FRE ALy DR R R o E R (speed) B S /R # R
(acceleration/deceleration) ~ & #c it 3 (Vehlcle counting) ~ # f& & #f (vehicle

classification) ~ O/D #&*(O/D matrix) - % & ui*(capacity estimations) ~ % i fFR
& +7 (Traffic Conflict Analysis) % & -

T LA R guF T N R LR PRI e T oo 0T o
PIREF L S FTPAEE WA B R TR FFH TR
B EDHHEE AT S F-’é‘;‘t’sﬁ@@’fﬁﬁﬁé}ﬁ TEOVIEFARYT L ik iTE
%‘J P EFFlend A Bdy o%i’#é\%‘rmrj PRF%(2 DataFromSky 2. 7 45 #°
“Flizln:« &) Z}.}ﬂ\/»\’}‘r'i'{%” S 2= 1923%% ' ¥ 3 FECH R E (A L IRTE
7)o RN B2 K TIRAFF 0 B 100%F A FE A 17 REIRTE R 0 &
Jpéfmzzz»»lzﬁ kS 4427@<m(’»' B FHLERIRT TR IR B
) P L) Emimi 0% BAR Y BARNE B ¥ R 1 ¥ 4ok 23-10

# 2.3-1 W B il T Loy & (v DataFromSKky i 61)

Chgw [PrEw| drEw | e
T 4 20 200 1,000 | pE
PR 19.2 16.6 145 Al
o LR p| R 2 R Y (F
e i 53.76  46.48 40.6 AL
3E)
100% 5 #* & £ A 47 i RS §
(£ 57) 368.64]  318.72 278.40 B
T
B I L R (T
o F(E3) 0.51 0.44 039 mA/- BER
442.07|  382.24 333.89 B Al pE
B(FH mERDRSE TS 374 W] pE
PRAE L B4 2 P D) 14071 12165 10628 (1 % ~=31.83
34 5

7R kR DataFromSky 4 =t
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2.3.1 DataFromSky

DataFromSKy % - #E S RmPF ' Z 0P 7 HEFIVERPZ2 2 L B
AT R ARG @ ET AP S AEAHE Y > DRET 4
22 B R U R SR SR e (T P o AT B Beh 2 0 B T 2 e
A%z 7 @ (Car)~ ® 3] | 2 (Middle Vehicle) ~ = 4] b & (Heavy Vehicle) ~ = # (Bus)
# & (Motorcycle) ~ p 7 2 (Bicycle) ~ {7 % (Pedestrian) » B ¥ & I#cE 7 R A
B (Current Speed) ~ %%, 4vi# & (Total Acceleration) ~ 7 4%§2 v T 32:% & (Avg. Speed
in Crossroad) ~ % 4% v %, ¥ f¥ (Time in Crossroad) % - #-¥t < % % 35 8% (2 3p
il b 55 0~45 B(0 B 27 1 54) > B 1fte it 5 4K/ 25 FPS/ 20 Mbps » $ # #.
| # ] 30 x 30 pixels ~ 150 x150 pixels &2 > WA F R B E LG ¥ 42
% DataFromSky Viewer # & r'ﬁ’? Jf;éﬁ\ e HEHRPRPFEFLAALE 50
AFr o T A B iRl REE oy o

@ DATA FROM SKY FLOW PRODUCTS v USE CASES v COMPANY v HELP

TrafficSurvey

An ultimate tool for the next
generation of traffic surveys.

Infuse your simulation models with the most accurate real-world
calibration data. Base the next major traffic junction redesign on rock-
solid evidence. Let's improve the traffic together.

ideo. For Free.

T kR DataFromSky 4 b
® 2.3-1 DataFromSky TrafficSurvey 7 7

DataFromSky = = 4FgL :
-~ AEIHICBEEKRA
DataFromSky # 1 i * iz @ g 3| chp PlIER B R e F o 2 L a4
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A :M’zﬁﬂ#@%i PR RGO DY R R AR B IR
$304 HpF; L& £ B F 2 SCRDet B~ X Mask R-CNN £ 45254% £ #41] > 151 i&
7 g Jw:mYOL0v4 PP E P YOLOV3 2E 4ot 8 48 & > d * Mask
R-CNN % 24 R 2 e Bl § REEHE > N hB @8] rHieEa) > 7
B E B A2 B R RE L o Ap¥e - SCRDet E 42 R[N K 2w (LB
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4.1 3 - #27] Oriented YOLOV4 # t§ s
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1080ti % i) % B+ F 02 30fps | TREER o V- 2 & LA S R «u:jt
Faster R-CNN ~ Mask R-CNN % - FFECd jp| = /2 B ;% HB BRE M el > AopReid
Ul Y e F“’"Pﬁﬁzi |7 B o

Bb-HE Y o AL BB {1 YOLOV4 &6 W e i plie (7
R i 2 ;téz-ﬁig?l > el R B E S P YOLOV3 9512 <512 #% 2 3] 1024 x 1024 -
A8 3B S P BRI 28 HE47 SCRDet » YOLOV4 $t GPU A 88 e o A i€
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HES - SRR AR ﬂt“ — ’L%H YOLOV4 FE 5 5 2R # > 4v > B SRAp 37
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Area of Union
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%*L”FB’*ILAEP‘E‘FT’ B GPU > * b5 i kS8 797 F R R PP 2 i T
{582 gk o
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Ege iRl > pomid ¥ € % f 25 (precision) ~ & 2 I (recall) ~ mAP (mean
Average Precmon)éﬁ Bedp K322 R RO PPTE o L AR F PP TE 2 G 0 R
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PR BREET o) f 483 B2 72 SORT(Simple Online and Realtime Tracking) »
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Measure

)| 33 ST SERENE 3} e R
P 3 % B i
Evaluation Measures
Lower is better. Higher is better.
Better Perfect Description
MOTA higher  100% Multi-Object Tracking Accuracy (+/- denotes standard deviation across all
sequences) [1]. This measure combines three error sources: false positives,

missed targets and identity switches.

IDF1 higher  100% ID F1 Score [2]. The ratio of correctly identified detections over the average
number of ground-truth and computed detections.
HOTA higher  100% Higher Order Tracking Accuracy [3]. Geometric mean of detection accuracy and
association accuracy. Averaged across localization thresholds.
MT higher  100% Mostly tracked targets. The ratio of ground-truth trajectories that are covered by a
track hypothesis for at least 80% of their respective life span.
ML lower 0% Mostly lost targets. The ratio of ground-truth trajectories that are covered by a track
hypothesis for at most 20% of their respective life span.
FP lower 0 The total number of false positives.
FN lower 0O The total number of false negatives (missed targets)
Rell higher  100% Ratio of correct detections to total number of GT boxes.
Pren higher  100% Ratio of TP / (TP+FP).
AssA higher  100% Association Accuracy [3]. Association Jaccard index averaged over all matching
detections and then averaged over localization thresholds.
DetA higher  100% Detection Accuracy [3]. Detection Jaccard index averaged over localization
thresholds.
AssRe higher  100% Association Recall [3]. TPA / (TPA + FNA) averaged over all matching detections
and then averaged over localization thresholds.
AssPr higher  100% Association Precision [3]. TPA / (TPA + FPA) averaged over all matching
detections and then averaged over localization thresholds.
DetRe higher  100% Detection Recall [3]. TP /(TP + FN}) averaged over localization thresholds.
DetPr higher  100% Detection Precision [3]. TP /(TP + FP) averaged over localization thresholds.
LocA higher  100% Localization Accuracy [3]. Average localization similarity averaged over all
matching detections and averaged over localization thresholds.
FAF lower 0 The average number of false alarms per frame

ID Sw. lower 0

reference
Frag lower 0

Hz

ki

Number of Identity Switches (ID switch ratio = #ID switches / recall) [4]. Please
note that we follow the stricter definition of identity switches as described in the
tracking)
higher  Inf.
= .l
P

[53]

The total number of times a trajectory is fragmented (i.e. interrupted during
by the MOTChallenge.

Processing speed (in frames per second excluding the detector) on the

benchmark. The frequency is provided by the authors and not officially evaluated
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Bgr i i g F Y MOTA (multiple object tracking accuracy) 4 MOTP
( multiple object tracking precision) S8 e NPE Y ﬁﬁiw i 4 MOTA
PP HREBCEhER R M LR R ﬁiif“f@: A gt(g z N
L iRy RS SR L iﬁﬁim” P gLy EReAER o HE: 1 B 8 E
B g e E"’iﬁiﬁiﬁ,g cHE LR E B m MOTP % p i Bienf R » IR
TR P o ae R o N EE P IR R A i AR R - B e R g R 4

HREAEY A EPA 1 FEeF @V ear AT M2 DA FTHRE Y BUR
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Moped Afh 0 B E TR S BT B fabun -
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RO Gl EE R A iE o Ao Bl 43-1 977 o A L BB T R 8 B4
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FAR G RERPHR) S HEY - BAA B AFEFIN RS RE R
(340:L%#—¢”nﬁ= BRI R FER DT RS ()
Tkt B 2 oW 4320 R éOqz&%m%ﬁé%éﬁW${%§ﬁ’
ik s I’Fi”'“r”ﬁ Pt A R RS 00 FIR Y
AERE R RER O KA E SR RET AR S g 3O7f/mﬁ”nﬁr %”Jf
P ERadgiR? § 42 ﬁ%%u%ﬂ%mev%mmﬁﬂo

=

ER-B RS S
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A E 432 Ut & T h A S BIEPE T # HaB st - B ® dim
BT BT WA T B kEC-RCT SFRH FRE S :ﬁe’; v LLI:}P"V’
FZBRC RBPP ST O%E FRER40L 432 Z BE ?ﬁ#ﬁ
e w5 0.62~0.68 ~0.69 o
RER R | P RERP K KR RS SyR AR AR R
BRAR-E P L-RT 1246 775 2021 0.62
B TR - Fo B k| 1001 477 1478 0.68
BT
BT FREREY Z ¢ L 812 369 1181 0.69
BT

F— 2 g ood N REHA T AP EE A L F RS o F P £ D
Pt F oA GRS B P U ] B X 1y LHRR L o
JRAEA R R WA G EH - 2R &R AT L
& SF A D enf gt A

4.4 Oriented YOLOV4 1 Jp|F Bk PR 2 %

Oriented YOLOV4 =02 3 i jp| §_3% Ubuntu 16.04 1% % %o > i\ Intel Core
17-8700k > 3o ®8 32G » B o + NVIDIAGTXI1080Ti 11G 1 "3k T 7 » T
441 1920x 1080 = ] enZ Fa B B TR - IR ZRIE c IR AR * T g A
WHETFEITRELR > A2 B PR T EF W - d 07 iRt
IHRLFAE < B 7 BRI S RGO A 2 A ORI B
”‘“J P IR e BT WIS Y o B A I PE ) 723 R4 IR B DR

i «E‘-ﬁ R ﬂ""qi PHiE 400 & 24 G R o NP BT R
el 4.4-1 971 0 DR PR ‘}' A~ ] 2B fAHcE f‘g%&r% 4.4-1 -
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i 4 bil
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e \\\\\\\\\\\\\\\\\ \

B 44-1 & m' @ G5B R HF

51 A | pR2 |3 | pEE | f2 [ xg2 |32 gD B2k
2| 723 | 4061 | 467 | 26314 | 14924 | 2035 | 605 | 153 | 151 | 48710

# # | 200 1823 | 331 9661 | 4958 | 850 171 110 111 | 18015

B WD G GRS @
l"] L

R Rl N LAV =T S L T BRI A L
ENE R G AED MBI PR

oy B RGP R AR R BT A SR 0 b 20 2 By RpE
g W BB E O T T e - Jé,tﬁ»;z,r Wae | £h ok "J X 54%% 30% >
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IREAET S 5l REARAH SR BOMIIER

3442500 B A NS SR o S T 3R B & O 5 (precision)#? &
> & (recall) o

% 44-2 PRIFH L EE LI 0E

FEB 5 P 4% % (Positive) | FER] 5 2P &% % (Negative)

TR B FZ(True) TP (True Positive) TN (True Negative)
3P P4k 3%-(False) FP (False Positive) FN (False Negative)
Precision = TP/(TP+FP) (2)
Recall = TP/(TP+FN) 3)

“Jf@"z IoU=05% FMiE» A WEr 2mhsps TP 285 FPo & 443
Bt > 5 H WK BT 54 B % (mean Average Precision, mAP) suit &
LY A rFEEAT 5‘?"#33’}26?@5”&%6 a 50k Gl A AR T R A g Kk
EJ RAMBALZE SRR oG P T A A TI0A®
NE A EZrk i JOUHF L5 FRT 2 mes f»ﬁ'f;]‘#ik T B e o

(o8
1tt :Q;

L3 »\ﬂ Wi
= 4w

LB 44-2 5 b o 3K query 1 & ‘_,,_ iy c ] FyoE-18 R A e @ qt,aa%%fz:
FoRkd 31 MEFEE > 2% 5 Ranking#l > H t‘ LAkl LH G g *
RAZLE2A (TR AR AL B REEMPNF) RIEH | 23 AP F

NLHENRIEER NG B RBEPEREEk Wk 2
FobfsMmifairy AR FBTHE - mAPR|ZH# ] 22 B 1 28
S5 BRELNAP BLBTIomE % o FIP > B - B2l RIS E R R R
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Mean Average Precision: example

. . . . . = relevant documents for query 1
waen [ BUUBE

Recall 0.2 02 04 04 04 06 06 06 038 10
Precision 1.0 05 067 05 04 05 043038 044 05

' ' . = relevant documents for query 2
waree [ JIDBUBUUU

Recall 0.0 0.33 0.33 033 067 067 10 10 10 10
Precision 0.0 05 033 0.25 04 0.33 043 038 0.33 0.3

average precision query 1 = (1.0 + 0.67 + 0.5+ 0.44 + 0.5)/5 = 0.62
average precision query 2 = (0.5 4+ 0.4+ 0.43)/3 = 0.44

mean average precision = (0.62 + 0.44)/2 = 0.53

Bl 4.4-2 MAPZ § b3

% 4.4-3 &3 % fERecall ¥ Precision=ns %

Recall Precision mAPys
7 4 0.787 0.853 0.838
pivd 0.637 0.854 0.739
ad 0.937 0.946 0.961
[ 22 0.974 0.986 0.985
b8 0.962 0.967 0.972
X %@ 0.912 0.963 0.948
EREAR 0.973 0.843 0.963
e 0.919 0.953 0.952
= 0.888 0.921 0.920
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IR P kg 2 P R hE R A > F(recall) FiHTE 9 Lt
FAgEp 78R A6 5 78.7%% 63.7% - #Bﬁk”wﬂﬁ FABER T > F 69.3%
2 A43% > BEARVVRIBIRETA A B (AP PREAD R REL B 2 B R
FRIRAES B 4B ke g PR LR o g vh s B E
ZrFe yHEFAERS D 6FE T TH AR AL AoV - Fm o BHEXD
FPHREGFA ~p 2 BGd PIte G FRPFENH LR od AP AP R
RIFFERE2TIER P2t wﬁﬁmfr"";té T FLEF L A FAF R
e ek o Wi Aot s BAMAENFAE SR T8 S MEITHE
ARG FHEFRSH

% 4.4-4 P fer P & 55 8 faRecall & Precision.? %

Recall Precision
7 4 0.693 (0.787) 0.776 (0.853)
piTd 0.430 (0.637) 0.50 (0.854)
1 & 0.922 (0.937) 0.978 (0.946)
R B 0.979 (0.974) 0.986 (0.986)
b & 0.938 (0.962) 0.954 (0.967)
< %8 0.978 (0.912) 0.978 (0.963)
w5l 0.667 (0.973) 0.769 (0.843)
fr# 0.643 (0.919) 0.75(0.921)

rmH S[3] 42PN E A S
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60%
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- 40%
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bike

-20%

]
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w
°
c
3 11 15 6 2 5 373 31 584
e 2.24% 1.76% 3.51% 1.82% 4.50% 20.46% 9.37% 6.04%
o
X
v
S - 0%
sedan truck bus tractor trailer person bike moto background FP
True
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st o g s B (1 56%) % 7 4 (9 31%)’9'ﬁrfi/ﬁ1mf’f#kﬁw(ﬂ7%

A

FER R EARE s A AL MR R) ~ BHT SAGLEEFHIN R o F
FHRISJEGEN 2 2 A2 B R

pUek o AHpRIEIR L Y - TR ER A A B &;«E“é% o BB E e E
PR spaisd > bp 7 ﬁﬁm%%o:}ﬁt?;’% A B
%o A E S RREFELESP FE g FEaE 25V d 63.7%R
1 90% - 5= B gL S5 5%k BABRFEAMLNGE S S
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A5 4K B G FERZ BEA T T4 A 45
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ViEERAK F e o R A A B 3N s A w12 1920 x 1920 59 YOLOvV4 #5274
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