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sete] FEA7F H+= EAHCA 1) FAA, 2) W3l o wHEAA
(Invariance under transformations)S 31 Z23}l7] aiA g H A
(Max pooling layer)E& W3 2oz Al&std o, vy Y ESL A(T-Net)

2 E3)] 7AW 3H(rigid transformation)S X &3} TH52].

Clussification Network

input mip (64,64) feature mip (64,128,1024) i mip

- sform || | transform | ' 22

E | [rans [ 1 TN E: pﬂﬂ] 1024 [ﬁl-.nsik]

g | L] |

ol Y o B o 4 zé s O % shared x 1024 ——

E‘ | | . L . | glnhn'l'r:alure k
; outpul scores
i D & point features

fefutsd Iig |

18

i s s |=-

] =] L

nlx 1088 1 o 2 e

oo | 8 s

mulaiply . ﬁ—'i | E
mip{512,250,128) mip (128,m)

Seenentation Network

<219 5> PointNet Architecture(Z* : Charles R. Qi, 2016)

(2) VoxelD(&H4d) w2
Yin Zhou et al.(2017)%= VoxelNet =<-olAl <18 6>3 #o] 3D data
¢t 2D data®] 7FE 2 ApolQl EAHAJ 5AS nHEtd, ¥E (dx,
dy, dz) =719 voxelZ Wi v]oJUA & voxelE9] PointNetS #
&3ttt PointNet® wh7bA= B4 54 ¢9+57](Voxel Feature
Encoder)oll A & Al (symmetric function) 2. ¥4 H (point-wise)
max poolings H8ste], HFHo=z FAFgyE 54 (Voxel-wise
Feature)S AJ/dstt}. kA5 o3 3] 3D convolutional networkel Al

E (bottleneck)o] WAEE= w o] 9 tH53].
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Random Stacked Voxel Sparse 40 Tensor

Voxel
G in e H
Partition roUpng Sampling Feature Encoding CxD'xH xW
[
&) ) = g
s o] Lt = " HlE §
| (7 A2 ) = |= <
W LA ._.“..5_ — IR :
o - | 1% 3
" i B c = ¥
F + = c & g
Polnt-wise 8 E &
Inpa = |& o
£ :

Point-wise Point-wise Vouel-wise
Feature-1 Feature-n Foature

<19 6> VoxelNet Architecture(Z* : Yin Zhou, 2017)

(3) Pillars(7]5) 2]

Alex H. Lan et al.(2019)% Point Pillars =i-olA <29 7>3 2ol
VoxelNet oA ¢ FHof w3 WES do7|= 3D convolutional
networkel] a4 Point Pillars&= 2D convolutional layers®t ©]-8-3}o
3D A gA] o] thg 5 (training)©] 7He = 3 tH54].

Point cloud Predictions
| lf'- -". ."- B i N
3 | b | sackions | | Dutacton | s
‘ %I Feature Net (2D CNN) Head (SSD) ‘ b:"b
= f‘.\- {'il “"H_\_ a:'l_\__. b .-"l -
Pont Slacked Leamed Pseudo 1+ —=— | Dscom ;'
cloud Hllarv. Fealures |mage i N }'-: i
ﬁ I D 2 N
‘T‘ L" "N“_.? I : B e Il 1 i :
. o e

<19 7> Point Pillars Architecture(£*] : Alex H. Lan, 2019)
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(olmg) 27 EHx| A MY dn2E SR
- -= o

o u.. |PCDE olO|X|Z Sistof 3ite
Olo|X| T 24 YOLO, R-CNN

HHAMZE 2oty HEEM F | VoxelNet, SECOND,
= , =0[, <) Fast Point-RCNN

Point Pillars,
3DSSD, PointRCNN

ZAESH Tgh xZelELL =M giAol FctMZ | PV-RCNN, Pyramid

o sgstol SNxS R-CNN
FH  HEQIESto| HAE IH
PC-RGNN
O = |8k 9Al | (Vertex)Zt ZHAM(Edge)el ==z _ ’
. Point-GNN
FAAar (2022 = A3 AHEHE(ADAS ¢ Advanced  Driving

Assistance System) 2}elt} 7]&-2 Absxak g AE Aojef AW FA]
of Agua 9o F&E ALHE 7|4 FFEE Laser Rangefinderet
Imaging LIDARYe] txdthtar a7ista ok dA A AAALL FA

T Folvhel WAt ThestE R AvtA ket P stel HT sk 9l
a2 AEstal vk e AeE Z&4 Tk AWGdE Fa 7
= THE FRof Ak st ATH25].

Zhao J. et al(2019) QoA eholthe] A% Ahew AuolAq A%
WARe] o2 7hA Tk Bopol A ALEHE AARA Ve Loehn
AT, EF WERCRIAE B ASAES AUSA FA FAT 5
= AAe] YeolE BraI F2 Agadow AEHL dE
2 AFsa Y AGE oldd FAL @

N
olth AlA(95%014 AA, S 30m TIHE AFEste] maAel

9) oA el X wgke] thgt F3tell ek W RAFAHFEE 2ol 7ted Ve



S At FH8= 712, £F4 %ﬂﬂ%‘, AEA & A3
At ol & Fa B}t Ak 9], s

E A8 5= 7lse AlSskad E}[46].

Lesani A. et al(2019)+ @< B2 FqFS EUEPs7] 8] 49
d A S AMES AL 7= SHAIRE BEAAE HA s AL g
"o A st Aok Az ol d wAE sidstr] el AMEA W
2% ot 7|&(Hd 50m, 1A AME)S V|Hre R

7he® Al=d"e Estar Briskaivh S A HAA By vus

AS W 97%eld A ALk 11%9 WA LHFANE B
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FH g W (SSM)+= [ 712 o] A Al 7R
(Temporal/Time-based), 78] & A (Distance-based), 7+
(Deceleration/Speed-based) T4 ¢]  37FA]  Wako=m A
(Mahmud 2017, Peng 2020, Amini 2022)[56]1[571[58].

10) S. E. Perkins(1968), "1l 5/45(Traffic Conflict)o]&+ & F= 1 o]e] £ 2 o]8x} Alo|o] Asatgog
A E2olgAEo] Abnel Qe 4FE Ash] 9 HABFS WA)E Aol

11) oFd Jjghr]= o] & = 1:29:3009] R, “ol® iy Alaryh BAsly] dojls 22 d9o= 4]
211 9] Znlst Alare} 48l o] 57} NiEA] YepdthE AS S5k A4 ‘ﬂﬂ (4 : Industrial
Accident Prevention : A Scientific Approach, 3|HE d& Y 321 3], 1931)



i

[ 7] ot tig|tise Y X% (EX : Mahmud 2017, Peng 2020, Amini
2022)

?.

X =

Ar

TTC(Time to Collision)

MTTC(Modified TTC)

GTTC(General for TTC)
CTM(Comprehensive Time-base Measure)
TET(Tome Exposed TTC)

Al ZHS A TIT(Time Integrated TTC)

Cl(Crash Index)

H(Time Headway)

TA(Time to Accident)

PET(Post Encroachment Time)
TAdv(Time Advantage)

PICUD(Potential Index for Collision with Urgent Deceleration)

PSD(Proportion of Stopping Distance)

MTC(Margin to Collision)

Hel s DSS(Difference of Space distance and Stopping distance)
TIDSS(Time Integrated DSS)
UD(Unsafe Density)
SHD(Stopping Headway Distance)
DRAC(Deceleration Rate to Avoid a Crash)
Sha/s e E A CPI(Crash Potential Index)

CIF(Criticality Index Function)

DSSM(Deceleration-baed Surrogate Safety Measure)

vl FHWA(2008)= Surrogate Safety Assessment Model(SSAM)
and Validation; #HEX A A A5 o]E(conflict theory)s 71Z2=

& AlEdeld mdo] o3 =EH dHolHE o] &sto] tdvieErF B



A5 skt 1170 AluE 9] o &4 AT HEEE s 4
A sE 7153 E vasdv. 1 Ay al =
°F 20,000:1= WrERstTh 3 g A& o] A (VISSIM, PARAMICS,
AIMSUN, TEXAS &) At&Al9] A &S

Mahmud S.M.S. et al(2017)<& T®< o]
St ] A x2 AREHA FES AASAL e, 7 A
FHE A4S & duRa AFHeR WHAA Yoyl Aol 4.
stthar o] okr]atar QITHS6I.

Peng L. et al(2020)= VAL B A F7]Hke] oA g9} 24 2
AZE S= fdaAel dis ATeda. sAA R

Feo TAACR dAGE AHE YERHATIST]

Amini RE. et al (2022)= A& xl9} Bz} s ago daf A3
Ko AEHIEE A AIHA, A, £5) SHAAS TR
SR A A S 272 Y Pss T 57
4 9(201)= "= FHWACA dFolg&s 7|vte= Jids
Surrogate Safety Assessment Model(SSAM)S-

TEE HHAEE Plusn. FAEE ATed Alvdged dished]

TTC, PET, DR, MaxS, DeltaS ¢ HAdde]HF(SSM)E 4

ol¢} kA A Z}E=(Crossing), F=(Rear-end), 183 =27 (Lane

Change) 4% 3 +E& F43IH26].

=

U, Eerdy

N

b FoA4% 2 57

(1) TTC(Time to Collision)
Hayward(1972)= TTC(Time to Collision)/ld<& A& AA I
Zo] AetdE woEx FEAZFE(Conflict Severity) S =4387] 93k

Aol @},

i



TTCx= (A D3 o] @<t WAAor A4kl 7hssty [ 8l9F 2
o] AbaLgE o] il WS AWHow oldfetr]rt vy sttt o g
g ol To® TTCx 7Hd ®ol AHgH+= Shduiel ¥4 (Archer, 2005)
o]31 SSAM(Surrogate Safety Assessment Model) # %X 314 (FHWA,
2008)5 WIS W2 Huxet AmolA V|EAZE AMREIAC. AR

Aaatere] FEAFRCt WE P9t BAHol Brbsan], uAgel

G RE RS B, ATz 2A 5, AARSAL 5 oo
& 242 ;esldE @A ok

TTC A2 t&3 2.

_ Pi(t)_Pi—l(t)_li_ AR AT A R
R N O R = = E EC R

o714, P Am 9K, Vi)E A% £%, & A dololth.

(3

=

Ego Vehicle Lead Vehicle

[ W |
<9 8> TTC /WE=(&3 : Ritesh Kapse, 2018)




[ 8] otMoigl#s AAZY ¥ A (X : SSAM 2008, 2&F 2009, #AME
2015)
ot Ol 2| B %= ol Al %t oA X} oo
1.0 = Hayward(1972)
Grayson (1984), van der
Time to 15 = Horst (1984, 1990), Hyden en o
Collision(TTC) (1987), SSAM(2008) HETS AE
3= Hirst and Graham (1997)
4= van der Horst (1994)
Deceleration Rate | 34 ms¢ | AASHTO(2004)
to Avoid 25 g
Collision(DRAC) 3.35 m¢ | Archer(2005)
22 9(2009)= A /‘17J AolA Agdss AA ST A Ao
A AR E AFse "él‘i/‘]i%ﬂ% Aot th. AF=Fe] Zhd 2k

il
FE= ol&ste] AFEF S AFs] HEkd & A= SSME °] 838k
AAARA(WI @ Warning Information Index)Z&

AEol 3 F$ SDI, TTC 58 o]&3ta F84 5o v
ot} £ WS &gk Zlo] uhe
2 9M"E AFAe= dHdEHEs E8A F
(Aggregated) ™ 3} ¥] Al (Disaggregated) ™ F7HA 2 FE At F
sk A28,

[ 9] ctHithfe|tis &8 F=2 (EX : 2F 2009)

T = s F H| 12
H| & Al (Disaggregated) SSM SDIl, TTC & HA =l Jts
Z! Al(Aggregated) SSM RSI, RSTI, SV, AN & H & =kel ol &




Al 9(2013)= AU FAFFA(AEBS : Advanced Emergency
Braking System)?2] <tAA HIZIXE=Z TTC, 2rAE, AE5HFS A&
stk e 4% TTC 14% ol 127431, 0.8% o d 2 2
2ol A5+ 08%F 7wl ® stal A HA Fa AdIdAH 1243
23%, 22731 1.1%25 EAH29].
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Felipe J. et al.(2013)+= Z=E3|uA A" Ag&s ¢ Jre T
NaE TTCE Akl AlF-A oz WAz FolA Aol F=¢
W WA FESe FEGEE B i

A 3F A TH60].

= toly &-§-3}o

A715
Sl gAl 54 3tst7]

Agud FAel, dS ARE uFAE o =2 TTCY = fjdsivha o
5 ATH6L].

(2) ¥ TTC MAA %

HFAFE 7| ok Ayae #ES b (SSM) F el A
AZEE 7o s ah= A#Ql TTC: 7Hg @deh Aso] ARgH L

=
lom A &Hel sjde] o] Fol A3 gl oot



Minderhoud and Bovy(2001)+= 7]& TTCE 7]Hbto 2 WHAAA <19
9>9} o] AMEE ¢HdAE 27FA(TET : Time exposed TTC, TIT :
Time Integrated TTC)E A|tslHth. TET(=&A17H<t TIT(=E5H4)
2 E3 TTCY =Z7]3FE(magnitude)E =43t A A= =Fo| A
TTC= <3 B7HE Slal 7 7124 ol =3k 7

Jdckn weka gtk 249 TTC A3g A 734
P2

___._.__-, A ————

H ! H
[ 1281 Iy [ sl 1

Time period H Time
S,

<a9d 9> TIT¢ TET WY %(&*] : Minderhoud and Bovy, 2001)

Ozbay K. et al(2008)& wa= HEAJo] ol #H=7|dl BA1S 98] 1

A& AlEH ] A9l Paramics= 3 FAY S5 A A4HS B4
7

sk 71E TTCE AWA el w7k wesu AuA F449 713
&2 mesd 2ae A7 dATh oYW AR 52 AAE ¢

A o (2 I [F 1017 2ol 7HEES e MTTC(Modified
TTO)E MEstact. =3 =222 ES 3183 Cl(Crash Index) 18 3L

AA F3e] digk CIE AH=3 4 9+ CID(Crash Index Density)E 7l
el AA AladolHE F8l 3SR vH63l.

i T H -:jl T



1 1
VFt+§aFt2 > D+ VLt+§aLt2 (2] 2)

%AaterAVt—DzO (4 3)

[ 10l MTTC MFWAY S0 458 12 SS9 A2l
(B, C: Z=Ld P: 55 7tsd, | : 55 2715)

|74 V>V, Ve =V,

o a; >0 a; <0 a; =0 a; >0 a; <0 a; =0
ap>0 P C C P C P
ar <0 P P P I P I
ap=20 P C C I C I

Behbahani H. et al(2015)%= TTCY &< ®WHE&S 18 CTM
(Comprehensive Time-based Measure) SHAA EE 7 detdct. oS &

g TITHE o AHEst $5 o5& T th64].

Nadimi N. et al(2020)= TTC7F 43l =43 Nde &3 [ 8]
I} o] A &EHow MTTC, GTTC, TET, TIT, CTM, ETTC, TTCD
ToE MIFHALEES HAFAT M= o g st AL
ef A Aol AE7bsd ZUHES Atste] Ataeid el JE=ef A g

8 Folt ATE 2 WFATHES]

#;rﬁ'! _CI:I_ I—I| -_.fJ]_ T_III_



[ 1] cheret

TTC HEXE (

T = AT KL PSS e
TTC ’ g Ztckstn olsfj s, AR S
_ aywar _ P(t)—P_ (t)—L
EM J S Hb K| 2k = i i i
(Tlrr?e. to (1971) E M ._I'_}:_ Sdbxl2fo| W2 TANOEYAG)
Collision) [66] 428 Jts
MTTC (Modified | Ozbay JtasdgE(d) 1, A=
OO ) AN 4T O A Y
TTC) [63] (008) | ¥ 2EEAM 23 ) “
GTTC (General TE XERH EHMTTCA
, Saffarzad ) TN
formulation h (2013) Mo d&ol otdRE)DA @ | wnn 5 -
e _ SRR
TTC) [67] =), M 80| ESxtE
TET&TIT (Time | Minderho n
exposed TTC & | ud and olglol ZEet X may | TEhTAOr
Time integrated Bovy TTC #H 3 2tnf TIT,— Y [TTC —TTC 0]
TTC) [62] (2001) N
CTM
, Behbahan | TTC2|
(Comprehensive |
" cased i et al SAE2 2| D
ime-base le e
(2015) A= LdHXX 25 W=y g 802 e e
measure) [64] [ [M(' (
TTC for a L h
aures _ _ _
moving line ; |y £H = 1dH, XANHFRSE () — klx, — x))
section and a ?20610)61 = Rd (¥p = Yin) = k{Xp—Xin)
point [68]
Ml A2k 2SS e (d
ETTC (Enhanced | Kiefer et 1
TTC), AH XH2sEM 2t ETTC= ——
TTC) [69] al. (2005) e
o}
TTep Mupxtzrel metabgolLl o e
(Time to Xie et al. o
. , % To|xtE S 18, V2X7|
Collision with (2018) L e d<i ==
Hto| ZFolXol HEIts o = 10D =

disturbance) [70]




(3) PET(Post-Encroachment Time)

Allen et al.(1977)& PETE <19 10> #Zo] A4
AE S AP e ApFo] 2 Ao =Esk Al AFEX|}O)
Ao (A|ZEAFo] 0 = F=)8tal AFarzt Al dojd Mgk A3 (near miss)

|23}k Aojty, PETE Al&td oz xpzt 244

i

TG S BAglol A7 ste]l TTCHAA S i s ATH 711,

e gt et et il

_____ +4-—q—-—

y | P

\¢/ \¢/

Situation at t>

Situation at t,

PET =t — 11

<29 10> PET /Md %= (&3 : Allen, 1977)

(4) SDI(Stopping Distance Index)
Oh C et al.(2006, 2009)= SDI Hel& “A-33

pAEke F AT HF 4R FENE fuss Aow gy (4
DAY BAAow mAsSt HAAT FAE A A Q7S
vl te], FE oo wel <k (safe0), B4 (unsafe, 1) o2 X &3S
oH72].
d, > d,,
Vi Vi
2a7 " 2a%"
L Vi
-"SD[: O(Safe) lfVLXh_ VFXtR+lL+(W_T§fC)>O

1(unsafe)otheruﬂse

A71A, his AFAIZE, e Bdlo] AW-SAIZE, dece 7

.

N,
Ipx
il



| <29 11> %
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Time—to—collision
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e
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<% 11> SDI®} TTC 7Id

(5) AN(Acceleration Noise, 7} 4
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199 th. Herman(1959), Jones(1962), Drew(1965)
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l> 7|.£_.|\__J|\_%(0-) /L! 30}‘ ) . y=1&4}59.022;7;6;6%0?;{117137
1 & |
2 —\2
o ==Y (alt)—a)
Tl
o WIEE
o o IS
T:3 s
t %XO-IA ?_l- Instrumented Vehicle Speed (mph)

(6) DRAC(Deceleration Rate to Avoid Crash)
4 (Deceleration) +7H8] x4 3|y gxow wgtrdo] st
Algtd o s YJebd 4 Att. Cooper and Ferguson(1976), Gettman
and Head(2003)= F3td AFo] AAGFS Hofstar &S A A4S
o] =397 7hset & =24 DRAC(Deceleration Rate to Avoid
Crash) W< AAIstAth o3k /id& A2kl wet 39&Es oL
#135lo] maximum deceleration rate (MaxDR), deceleration rate(DR),
CPI(Crash Potential Index) 522 UYsA AA AL BE A EES
EAg AHAA AR 3 YREE HER AV]E YRl o]
et M ES AERY AV7F F545 FEo 2T FEo 0=
S AAZR st JuH27]. AASHTO(2004)2F Archer(2005)+ A4

&R 7h7h 34 w69} 335 S A AE 3 gl

2

Re)

okA] AF3 tdAdg g o]9ox ACI(Aggregated Crash Index),
SHD(Stopping Headway Diatance), DSSM (Deceleration—-based
Surrogate Safety Measure) 5% A&EHoZ AFAEdd 9] thdst
FAd YU} A EH o7 AbE L vk
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Touran et al.(1999)+= Monte-Carlol2) Al E#olAE Fasto], A&
353 (AICC:Autonomous Intelligent Cruise Control)®] ¢td = H71=
el TTCE M AZE AFESHATHT4].

Lee J. D. et al.(2002)& AFare] 30% % A st SWFS=EAlato] o &f
TPAEH O EHE o] &ste] W FEH RGN (RECASs)S] AXeo] m&
w2 grEs SRS gdd AugedE HA O TTC, HY
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3. AFAHXA
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L0

ih)

o,

H] L3 B9k

Average Precision)!9 ZHt] 90.90% = 7}%
Tk A& A9 (FPS

Gatoldel AY&ies HojFal

] Voxel R-CNN©oJ

o o
5% A E

: Frame Per Second)®= 252 Hz(d=2%)=

0]
AR T

18) KITTI(Karlsruhe Institute of Technology and Toyota Technological Institute) Vision Benchmark,
www.cvlibs.net/datasets/kitti/, 435 3t HnZ2AE FAHRE(EYE) 30

19) AP(Average Precision) : Q= (Precision)@} ] & -&(Recall)S FHS+ X


http://www.cvlibs.net/datasets/kitti/

gHeH81].
FPS APsp (%)
Mt (Hz) Easy Mod. Hard
RGB+LiDAR
MV3D (Chen et al. 2017) - 7497  63.63  54.00
AVOD-FPN (Ku et al. 2018) 10.0 | 83.07 7176 65.73
F-PointNet (Qi et al. 2018) 59 82.19  69.79 60.59
PointSIFT+SENet (Zhao et al. 2019) - 85.99 7272 64.58
UberATG-MMEF (Liang et al. 2019) - 8840 7743 7022

LiDAR-only

Point-based:
PointRCNN (Shi, Wang, and Li 2019) 10.0 86.96 75.64 70.70

STD (Yang et al. 2019) 12.5 87.95 79.71 75.09
Patches (Lehner et al. 2019) 2 88.67 77.20 71.82
3DSSD (Yang et al. 2020) 26.3 88.36  79.57 74.55
PV-RCNN (Shi et al. 2020a) 8.9 90.25 8§1.43 76.82
Voxel-based:

VoxelNet (Zhou and Tuzel 2018) - 77.47 65.11 57.73
SECOND (Yan, Mao, and Li 2018) 304 | 8334 7255 65.82

PointPillars (Lang et al. 2019) 424 | 8258 7431  68.99
Part-A* (Shi et al. 2020b) - 87.81 7849 7351
TANet (Liu et al. 2020b) 287 | 8594 U576  68.32

HVNet (Ye, Xu, and Cao 2020) 310 | 8721 TiIS8 719
SA-SSD (He et al. 2020) 250 | 88.75 7919 T4.16

Voxel R-CNN (ours) { 25.2 ] 90.90 1 81.62 77.06

P
v
-----

<Y 26> AAYR daglEE2 A8 (E3#] ¢ Jiajun Deng et al, 2021)
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OICH NS 0182 FAEOE +8

e VI EME VIOD TOMIYINI TH tmee= = ! r- oMl RCLo O ==mmmeme=- |
| : | I : |
| | -~ | P——
i | Hardware i | 3[)2323: ¥ Results Mapping | | 1 Traffic State | |
1 | Check and Setting Bag Input x ¥ (Density, | |
' il L} Speed..) ] !
: L 1 ! | T i T . | : Driving Detail \p—J :
| Driving Data | ! PCD | | | Comerting BEV | | TackingID | | 1] Diving cai |
: Acquisition ¥ Extraction Image(2D Map) Asign | /| Data Extraction —_—
|
! | ¥ I . SSM Calelaion | 1
| Software | (1 ——
| | Check and Settng i Carln I ; (TTC,MTTC..) |
| :: —| Lane Delection | Estimation I : — |
|
b iy I ;

<9 26> ZholvtE o] &% wEAR 7 dA

A1 ol AME T3 FPHH +3

Ao A= golthE o] &3k HolH =3 A B ol thsie] A4
stot, dlole 3 dAE us <9 27>3 o] U FEOE Lo
Awst 4 9tk i) Hardware %7 (Check) % A7 (Setting), ii)
Software 4 2 A4, i) dFFAE 3 oy A5 To= A

8] M =3hth

-";rxﬂ-! _k::l 1



_________________________________________________________________

Check the Fastening Status Power Supply Sensor Setting Calibration Setting

A o
&5 sk golt, deold, Wik, GNSS/INS & 7 AlMEE 573
oAzl HolHE HEZ & Ak A5 Aol FRHx Jhve}, 2o
, dleld, GNSS/INS AlA HolH &2 st w73t Ase] Eerdy
(Triggering)& &3l HeolHE A stA Hrh.

FRAFA = 360%= FAEF HolE o] 7Hsd 128ch(dE) 3D
Zto] H(HESAI Pandar128 #|3%)7F A A= o] Slth. o] ghelt} Zgnje] A
AEole= oF 2m, SA7FsAE = oF 200m7bA oW =T oF 340RE7) o
Fe EJAE HFol I 18T AAeld. 2 gk FhHe
(PointgreyA}), GNSS/INS (Applanix LV 220) 5°] AX %] Qo] %
4 9 AR T AT F Ak Zolnt AlA AF AL v
o] [ 23]¢} 2t}

M2

8} 3



[E 24] =tolct &H| M3 (EX™ : HESAI == 0| X|)

3 & W 8

Product e HESAI Pandar 128

* 3,456,000 points/second (single return)

* 6,912,000 points/second (dual return)
e 200 mM@10%

e «100 Klux, PD>70%, FAR<1e-5

Data Points Generated

Range Capability

Accuracy e 2 cm (1 to 200 m)
Ingress Protection e |PEKOK & IP6K7
_  0.1° Finest horizontal resolution (10 Hz)
Resolution . . .
* 0.125° Finest vertical resolution
Operating Temperature e -40 7 85T

Functional Safety — compliant to | ®* Comprehensive functional reporting for all
ISO 26262 lasers

Cyber Security - compliant to | ® Encryption to  safeguard against data
ISO 21434 breaches

e

=wol A9 ol dloly EAWLE = 4
A5 +60m(120m W) Ag = skA s

o
=
FHTNHEH S FASAT

offl
o
R
)
ol
o

=
:?L_‘,
ofl
ki)
do
=

T —

Pandar 124

<a¥ 28> golt} FRAEHKETD % gholth AlA
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2. dolg F£XZ4uH AA4x
7b dEA HH R AF

2 A 57188 A% gAY B2 24 AF 14D A7 3

zZhE o] Slth HolE HE Hole <d 29> o] A A3

=
of MAL olgdo] QEAE WA AAPTh TF RE ANEC] F7]
S5 9la) 3 Aol 7] WFel @ AxelA FALFA vw A
Sy 9

: dely A5 &
Hj e} A EQ O E Addstr] d WE7](Inverter, A F—ouFHHE 2
sote AAelth WA AF AES

o}, shleh, A5 PCel A9
pzs

=
e TR 7EAQ AZES(S/W) AsdHE &g




U &ZEde A3 % 44

ol & HA5357] A AZES o] A& AA(sensor) 283 7+
A (calibration) 24 A2 APt GPS Z21HS FEste] 573}
AARS v F F71skE ghele, gkelt, dlolthe] AlA HolHE A=
371 $18l ROS20(Robot Operating System)”|®b Z 2138 A8},
A A (sensor setting)S st AFAAE T <1® 30> Zr

Sensor Setting

1. Webcam &% 2191

3. Lidar 2

oM
i
o

.. Velodyne

<2¥ 30> dHlolE e AT AlA A AlFEA

20) 255 A% shas 2IAA, e 7R FHFAA 25 (FA 0 AFEAEHUTE o hAR,

ALFGOALA T D3] S

L TD



w Aol ol = Fhve}, gheld, dHeld, GPSAATE s7std A
B2 tlolBl7F Agdtt. WA xpFel AAE Fhvete] F2S
teoz GPS ZAAHE sl A4z 2 aa8(LV PosView)S E3

#)
GPSel 27 4HE FAwT solvk: deold 244 AgHE 27

S 7]1%% H A (calibration setting) #A o]t} E oA FHE
= Hlolg = Al ZF(triggering) A& o] 9F dlo]E 9 F7]3k(sync)ES 9
Fo TXE ARSI 2719 A Al(delay)7F =AY A S dlolE e A

7b st = A7 A ek gheE e RS S A

oy

5% oA BFE AL FYB O <Y 3159 @E NEHe

o2 dolEelr, (b (9 F713 FullA AT &4 offse) S

HA welee NFHe %RE Yotk e G4 AsEA B

B E2RAL 99 doltie GPSY 57188 RE: B4o] Bas
_/'E.

(a) (b)
<8 31> 7pvete} golt} 7] 5 (calibration) R4



o dZFY S 5 HolH HE
st WA A kAol mFEAe doly #7& f8 A
FTPA A G Abxdol] Mg & HolHE HS5AT dA AFsAxe
TP S B3l FAS5sk= deoleE o), JhvEl, GNSS/INS 5 o %
st FAlo]l HS5o] 7Medtth AN B =R ols T w4l AlA
A Foltts FAHoZ ST goltte] dAdelE Td FEH 9
AXE oS (% 25] 2 [F 26]9F 2ot
(£ 25] Aot & el
g 47 gl o oo
3D z2fo|ct A XS0 Z=b=Eo{ &l 128che| MY
M ololH 2}O|CHE &85t F= A2 FHo M
LiDAR , o
(PCD : Point HOole{E & stH,
Cloud Data) MM= Bl MMet S7|3t0 S
(3 26] AAICIOlE mY A A
Elo] 2o
No.| KT | mEw Hg | wOIA) | (3t )
X Z&H=l 2lo|C _ 2lo|ct Tl o|=
i FILE NAME | o8 BHOIEEE oy b OIS 54 O
olg (bin)
2 TIME_STAMP | 7|2 A|ZF 1558099596 [m]
3 LIDAR_INDEX | Cllolg{ #=t4 0 clo|Ef =g
4 LIDARID | 2to[ct oto|c] 0 MA AlY S
5 LENGTH dlole{ 2ol | 26679 i sds o
LIDAR = S0{2 dlolgf Zo|
ZQIE ZIE ZF2fRES| X
6 X Sojec y | 2665898 .
ZOIE ZOlE ZE[RE9[ Y
7 Y gopec y | 2119031 .
ZRIE EQIE Z2lREQ 7
8 z gopoc 5 | 0050443 S (]
9 INTENSITY | 2lo|c} BhAlg 25 4l HhAlg M




1. AAGAFEAE T AFHolEH F=

FR%E golt} AA dHolgE 7Hlo g wEHoly F= v 2 Azt
TEEE US <1d¥ 32>7 Zt} Point Cloud Data(A+##5) & T4

HolHE F&3 & AHHAE 213 A AT (Object Detection)

7b AdaEa o] FshE Ftel g 2=(BEV) FE9 22k HW v

S FAsE A4S DAY =3 FA9 PCDEHEE 24& AE3)

T gugEs et A5 HEHoR AA AFy 27
o =

s JHAE @] asHolHE st

- CHOICHOOIHE 283t WEHE M| & & e e e e e - = |
|
l 3D Object _ ‘ |
: Detection Results Mapping :
I . I
' PCD | Converting BEV Tracking ID :
: Extraction Image(2D Map) Assign I
[ . I
[ Car Info |
: » Lane Detection ——— Estimation :
|
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<19 33> PCDAFR 2] HEALE-(intensity) % & A ZFs}

ARAen Auud etolt PCD7 AA (L) ZRE s s Dol

) WEel MAE AEW AER doldE A EF A AT
Aol golth MM o EH O 200m o4 AAT & UATW WA

21) gholtt Hlolg & 709 7HMB)/Z, SAIZE FaS AS oF 2527]7KGB) ©lolE] AT L



= Yo 54w Foug ghEol Wol XA For dFHU(E
A= dAIF 60m AA)e] dHolE <

4 < (ROI : Region of Interest)S A3t} thg <19 33> FE4| o]
Holl A& (B E)S MZ2E xdste] Alzhsts Ad#sidoltt. PCDE
Aol wet AZtstE Jhsghd] 2 =gl A e A

2 &5 A8 A& A gkel wE AlZE WHE AREek it <L

9 34> 7ol g PCDe| A7tal o]n A mo]zut.

<% 34> PCDAE 9] Agld m& A]zt3)

. A A YA 3D Object Detection)

e dA= F59 PCD AARE 7|¥to g oA AA S Voxel RCNN

AAGA mAe AHgIe] NEERE FYRE FFS G

%
oy
>,
N
N
Ho
ol
ol
2
1%
)%
oo
=
o
a
S
rr
A
[«
o,

olg]g QJeA T RS

22) 1. <58 dlo]E] 2,880 set(lset=HEA+2PAH) ALE, Q1F AT 8roll= 13)/9F sEolid 42, 80003014

1H O

ghate] AR o A8 A7E = 5x8,000 = 40,0004%(28%)
2. IEEZ(AFA, 484 5) ¥ O =287 Pl £33 diolEE gyl AMS-

3. W=k 3319 2hEE AIZE 105/, 2,880 <104 = 28,800%(20Y) ©, oo wel HA 2



35>0] BAow QA 71Ed @A EATLANN FHF 1
AuolE 2880 setd °| &3 & 80003 H=e]

HSER S8 F L
Batag B3 2olR 7hFA (weights) & E&ate] Abgahsith.

<39 3B> A TSES T AAGA g EE

olefgt dtFS 3 A E¥A A <dH|fo}l Titan RTX
GPU(Graphic Processing Unit)23) 2t], RAM 128GB, CPU E5-1650 v4

S g8yt sy Rdo JEAE Y (loss function)ol]
/\

fl

1o
(b
i
o
—l>

w2 ALbs T SHEY. EATTE EY (D) o% At
(output)® GT(Ground Truth)e} Bladte] AAF3E &4 7k(loss) S £4 38
ol Agste] melle] Axtghe]l GTell 7MAA RS 7FE 2] (weights) &
HHolE dt= AAFor gttt

WhE ggEere]l  EA4Zk(loss)E LHEZE RIS S TEIs
(learning curve)elet b 2 =19 3t R Ee] Jearning curves <L
g 36> Zrh 2 =% AFEE Voxel-RCNNE 29| Joss @< 05 A

T2 O°ﬂ MEA FEE AS #0E 5 v

<
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Q
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of\
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4 ge Fo
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HEHow <19 >3} ol A% ANAR B Azehgith

>

23) GPU : TYAZACPU)S 12 A2lE =9} A8 FIHRE APsiAv hd 29S 939
ANA YA (FA . FAP I, www.doopedia.co.kr)

Fﬁ.‘



<1¥ 36> Voxel-RCNN gt A (Learning Curve) ¢l A]




Angs g&ststr] 8 2
o] ZZ=(BEV : Bird Eye View) 9 FE|2 W33} o] S 9|84

d 38>7 o] 3499 HE(xyn)HHAMNE $-27t ALEde o
Fe] 22k xyR = HEE)] ARESHA T

" -_-': - ——" ™

Jp—

183, 310
—[ g 3ng

e

- Y
——
d = E >0
y axis
X axis

<® 38> 22k wWehd s AlZbEE B (R We oA

24) LEATA : AFE 2AH S8 2] ol§HE HUA HA (EH : FFEALUTS
oftiAL A, HAHgOIAL PS8 92
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3D Object
Detection
Lidar Data Local Path
Input . Predictio
P LiDAR data Local PathMap | | Local Path e
localization Generation Navigation
Lane Detection
b AR HA] A s 5E (A 0 He 2022)

<71¥ 39> "WxE7)Hl
<™ 40>9F 7o)

A BPow AR AL
29% 5 99t

AEEEEEREEE

<29 40> #4914 A3 (Lane Detection Results)

vl A A (XF)E A A I (Detection Result)
A ARFEC uigk AR e} A ZtEE flE 2ad o ® WE g n
5 TFs HAZHom HEE 4 AFEQ HolH e
5 AFEskgla, s doly

d o)

<Y 41> o] HAFH(CSV )= Ay

-\..-



2 2§ heIES wEd
olelgr At ke FF AUAFH FA Ay ST, AU07 5 @
FRRE As] 9@ 7% delEt s el
id cx cy [r2 dx dy dz yaw
1 0 0 0 2 0.9 1.8 0
2| 16.62983| -0.09285| -1.35406| 2.369614| 0.766537| 1.077505| 6.286695
3| -16.4887| -0.20546 -0.7871| 2.385519| 0.936872| 1.103299| 6.284615
4| 7.435285| 3.539789| -1.26629| 2.261226| 0.779071| 1.030552| 6.279392
5| -26.6822| 3.377154| -0.70008| 2.280218| 0.794113 1.04179| 6.318294
6| 47.20548| 10.98852| -1.80539| 2287853 0.78139| 0.997191| 6.248459
7| 3522774 -3.63328| -1.69715| 2231789 0.821528| 1.018806| 6.364261
8| 27.33919| 11.16627| -1.47665| 1.909114| 0.748996 0.94801| 6.267471
9| -39.3758| 6.848151| -0.47691| 2.325869| 0.869735| 1.030617| 6.229176
11| 25.61919| 3.773296| -1.47595| 2.252908| 0.720483| 1.019433| 6.285379
12| 35.95421| 10.91264| -1.50298| 2.218387| 0.846888| 0.997094| 6.253967
13| 36.47383| 0.137574| -1.71532| 2.210095| 0.763468| 1.060426( 6.288435
14| -37.4796| -3.59601| -0.50529| 2.387863| 0.845365| 1.032064| 6.284494
16| 11.17838| -3.05081| -1.27895| 2.328552| 0.751032| 0.985077| 6.287667
171 -21.9081| -3.33727| -0.84473( 2.334427| 0.797494| 0.963807| 6.281527
18| 33.55877| 7.149803| -1.60404| 2.216507 0.72063| 0.976618| 6.261284
19| 46.38813| 5.506181| -1.61749( 2.332414 0.9752| 1.085789| 6.346209
21| 6.420747| 7.051452| -1.04802| 2.220263| 0.900389 1.03095| 6.287024
<Y 41> AFEe AAddE Ay s
<d 41>¢] A3l A ID 1A= 3 Ego AF(7I+=4)2 o

b, A E ol MdS <29 42>3 Zo] cx, cy, czi= Ego A

3 FAET] AUH AE dehia dx, dy, deE 24 AR 43E

Ao A A7](Ho]) L8l yawghS W (A E)S gt o &

o] ID 2WAF TAHH2 VIEHe2YY (x, v, z 1 1662, -0.09, -1.35)

AAsAL Utk ovjola, AFHrxe] A7|= x, y, z WFOE (236

0.76, 1.07)x2 = (472, 152, 214)°leh= AS & F Utk =, Ho

472m, & 1.52m, =] 2.14mel A= o208k},

26) AFEEWFE FER) 7IE 7HE Bl 551 T8 S83= 24 T8 suve Zepl =,
KU A YL Zo] 490m, F 1.86m, =] 1.45m, FERH AP Zo] 480m, & 1.9m, iOI 1.71m
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2. o] FAA F4 & S=4F U

A
F4, Ad(kerne)F 4, A FAF4 Fo=2

area of overlap

10U =

area of union

<19 44> AAEFEA A F(oU) 7 (A : Rafael Padilla, 2020)



IoU 7l&#2 4 843 34 AAlo wet ghs 283 IoU 7+

e AbEet] 9t 2 =3l 4L vs (4 5dhk 2

(2 5)

Ty nE&EERo HALEE 50km/h, L £EE 120km/holth. okt
ANA A= FEAFol(Av)e= Hol 70km/helth H-EAA
2 mErzd 39 eARs} 2UARY Suols
© 2 30km/h ©]3le]tH(Wakasugi 2005)[93]. d}A| vk H =&
oﬂﬁ—t— AgEe Ho)Ho](120km/h - 50km/h)el 70km/hE  Al&3}o]
Avts Aolglon, Cbrﬁk% &2 Hydo]l # 44~46mE AHE
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t—1(t =time)

(@) = -2.1(s) = 3.6(h) = -7.6km/n
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TTC P= X2 R, V.(t)= At
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> gbxte} SIxtotel 72| Afol —
P1 - P2 - XtEkzo|
=71 - 15 - 45 =11m

olsiabst | o QALQl SIRtete| Alf& T

A3t oAl | = 1226m/s
o TTC %
= 1.1/1.226= 0.897 E
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2R 77 BUHIE AS dolE 4F

Zb g8 gkel] Wi 2= 9 MTTC & A= 23+ vs <19 54>

AY %402 FAPUR AY L FE RS BEUL.

0F stme otme IZ Az [EEES 28A%E  3d74% IR 537 5L EE 2 ER IEFER 43F R 5EEE
4109154651 1546:56 3742763747 127.0728594 8243478261 11552 101.0833333 7 24087501 6677083333 1.345720656 8.488203579 12.61254887 7.105591042 6.305551732

411 15:4656 154701 3742633058 127.0721499 7089655172 12621451 90,4332 GTLETSATIT 462613634 4212027927 1005848 119629924 2453130887 5021631635
411154702 154708 JTANATST OTOTUDT  GROISIMBY  GIN0I6EDS  7AGTAIOT  AOGADMAGDS 430539333 AGUGEETON 126172304 7212634641 64396348 5059363157

A11.215:47:08 154717 3742975078 127.0707268 n 4511445783 5293571429 42.48908297 39.5138539 0 7.113039655 7619721324 312422756 7.798335708
A3 164747 154727 37430448 127.0700229 - 39.18118467 34.21848739 333333333 306695279 A 4700277402 7.240362663 6156967635 3.080154382
4114 15:47:27 15:4742 3743114964 1270693151 - 234213264 23 24208145 2577461707 26 73421083 A 6417779438 2956355714 643632089 5044318133
A11.515:47:42 15:48:14 3743185375 127.0686033 80625 6.005612245 6103902954 9.353198469 8951097804 1494782593 6.238261745 6.346721267 9493165617 7.326816451
4116154814 154825 37.43255403 127.0678947 81.34328358 2269148936 281209068 2971369295 19.40546697 193593079 363677024 5582492631 231828812 1629614094
1.7 15:48:25 15:48:38 3743325433 127.0671892 89.25806452 23.06015038 27.95038168 2762652439 20.26109661 5730325341 3447914044 2485342499 2.841734504 2.974166553
4118 15:48:39 15:48:63 3743395453 127.0664808 1066 10.72610837 18.7034384 22.8779473 263022113 08 8.940297773 4 587504058 5129023148 2839199233
4119 15:4853 154931 37 43465575 127 0657746 8294488189 4914723286 1113913471 8185917722 5251292658 1001597707 4486205302 7.329632509 6959495684 6329943603

41215:49:32 154951 3743536128 127.0650627 70.39772121 5.738582677 1435183443 17.90935391 16.50855066 6.065063465 5.7327083 5015536907 2835149141 5.3656295689
4121164951 15550109 37 43606017 1270643573 7276923077 4330117161 1176957285 19.50060024 1628367104 3524722491 5779957402 2973686407 2785283246 528479573
412.2 15:50:09 15:50.22 37436763 127.0636516 70.028 23.25083056 20.92112676 2431639344 19.87207488 2079513164 5129085291 5470996909 5443515629 6.04733153
412.315:50:22 15:51:06 3743746844 127.0629398 67.92692593 1128960491 9.008743523 7.563682678 8354357798 5661044346 1066799141 6.37430185 7722956185 8.639671635
4124155106 156122 3743817297 1270622533 631294964 2230184332 18.12873326 19.27392739 20 42261251 2 18524968 9464882768 8953990897 6945631394 8756762742

125155123 1556147 3743890592 1270616096 6395652174 5086919831 4424485126 14.82261029 94332911 8224979243 6.583449658 6020323704 5793692992 9.152553785
4126 155147 156200 3743965989 1270610133 78 65556556 2223123732 19.3655274%, 2738940092 2619917012 0916245695 4.163693614 2821610675 2726044063 2857936343

4127 15:52.00 155210 3744044128 127.0604485 Bl 8.038107753 1860611511 3451582278 28.36470568 A 1039141304 384144832 3237889259 2639505563
412.815:5210 15:52.20 3744121889 127.0598836 - 3757475083 1429439752 3384438776 2613948498 A 4900322841 5033742811 3.03613764 3.060875031
4129 15:52:20 156232 37 44200086 1270593171 79.925 14 1695526316 3041889117 25 36013986 426543649 7.354160364 4443575929 1705496731 4 527656117

413 15:52:32 15:52:44 37.44278008 1270587557 80.7037037 24 58139535 2277728285 3064574839 3133425014 3546670398 2625745149 5235591807 211553994 5.971977668
4131165244 156310 37 44356089 127 0581897 82 22857143 5612432847 6742783836 1137975592 8393410029 1569089166 9197053081 8536299742 8697070784 7.656666535
413.215:53:10 155327 3744434175 1270576248 86.890625 2053187919 182845787 20.87155963 2317169069 3255366663 1171289617 7147554571 3184733031 4590792043
1133155327 15:6340 37 4451215 127.0570516 81 5.800542741 1595245302 27.69417475 29.25392857 1507556723 8.29000148 4356946839 2215058512 3057471924
4134 15:53:40 158352 3744589022 127.0564422 A 19.02439024 19.2159383 28.9507772 28.84067797 Rl 2931761234 3561021918 2.35241292 2624210528
4135 155352 15:54:02 37.44663706 127.0558019 - 16.92099792 18.34982332 3417557252 3301388889 A 4.072880218 6494729445 1675968063 248044046
4136 156:54.02 15°:84:12 37 44736606 127 0551429 A 19.84990958 2708965617 36 24545455 32 96655346 4 3623447475, 3028410853 1032968922 2574886088
4137 15:54:12 155423 37.44809736 127.0544848 - 10.6584507 20 33.03937008 27.82137161 A 6.657059611 8806908869 4247095487 5.623202335
413.815:54:23 15:54:59 37.44B82553 127.0538199 82 4057971014 1171048361 8101174345 28.24667089 AT2T348738 4631129884 324519256 10.73078074 7312102312
413.915:54.59 155514 3744956075 127.0631514 15.41846758 14607909 2224234694 33.44051447 1 8.536742085 8.803244435 8.903389781 6.7539793

El E
414 15:55:15 15:56:20 3745028158 127.0524873 8221311475 9.396808125 5.097362637 5118694362 23.82431646 5385514129 5.209847123 4875502078 6277994214 15.78282923
4141155621 15:66:33 37 45101553 1270618199 A 23 06417112 229223301 30 23560209 5166440678 A 5213394554 5623214318 6039745262 3202634652
414.215:56.33 155646 3745175014 1270511751 ! 16.90909091 16.61290323 2352857143 24.69152542 - 5621191701 6.876924572 8450226419 14.27916923
414.31556:46 15:57:42 3745248472 1270605235 187755102 11.10005817 4657174454 6.270418668 6919642857 9270608929 6.645638301 5607345796 8249349941 7 133356608

4144 15:57:42 155756 3745321831 127.0498626 92.0825 221917647 26.09076923 2231652661 21.95135198 1.04893299 9.083454554 4749679279 4157687522 3451242409
4145 15:57:56 15:58:42 3745394914 127.0492032 78.05555556. 9.359501895 7813352477 8.172749392 8372881356 5077972279 7.681085508 7318881346 6.863883662 8133641422
4146 16:56:42 15:69:02 37 45468172 127 0485444 76425 10 51269991 10.25151057, 1461410768 11.56542986 1626153437 550631029 3936547993 7418747143 7696467717
414.715:59:02 15:59:53 3745540928 127.0478714 85.90697674 8.906200318 4531677725 1] 6.795454545 2692055094 8.273923815 7.977382264 8.79927065 6.956944031
4148 15:59:53 16:00:18 37.45612956 127.0471863 151428571 129770798 1114936147 1444459779 19.94112061 138091954 4657212414 5114177833 7732592803 4540662489
414.916:0019 16:00.55 37.45684775 127.0465005 7531428571 9.266336326 8677591463 805234657 11.06875544 1293310891 3443614473 4589761963 8231146436 7.040821437

415 16:00:55 16:02:30 3745756131 127.0458212 103 8.340137429 5304422499 3156704362 3.993665657 10.13085122 6.031555205 6628517152 5727438659 5488548814
4151 16:0230 16:0246 37.45628111 127 0451385 724242424 12 91255605 16.06604374 1837239563 138858685 1633656381 663939248 6217619845 6825913285 4187269941

415.2116:0246 16:03:11 37458998171 127.0444559 7419277108 15.05169628 11.90893471 1371388499 13.52446675 2677248324 346324941 3.29761973 4123553346 2.900000627
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(@ =71 AMH (b) Z=0ila AlIE

L2 : HAXZ 2 (Leading2) Xt 2
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D2 : 27t t=&¢t ols¢et Hel

D3 : FAl(Ego)AtEkol t= &2t ol S8 Hel

D3 - cost : FH (Ego)Ate AIZHE = L22te| sHH

T X2ol Z=b 4d<)stA™H, D1 + D2 < D3 - cost)
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el #AAe el (4 1) 2 (4 122 el 5 e,

1 1
cost9(VEgo(t)x+§aEgo(t)x2)=d+ VL(t)x+§aL(t):C2 (2 11)

(2 1D)< Aeshd (4 12)9F #Zo] zoll w3k 22 g4 o] =t

%(%(t)— cost ag,, )a” +(V,(t) = cosd Vi, )z +d = 0 (4] 12)

o oa,(t)E A7 ) W Megatee] b w

aEgo(t)'E AlZy td W Egoxl#9] 7l& =

Egot %} ekl akgke] x7lol met (4 12)0] Wshl FEe)F0Hs)

0 L if V() = cosf Vg, (t)

DEANE otherwise
L
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2) 7t =7 T A 9-(a(t) # cosfag, (t))

—(V,(t) = cost Vs, () £ VD
a,(t) = cosbag,, (t)

a;':

’

D= (V,(t)—cosb Vigo () —2(a, (t)— cosh A0 (t)d

(a,(t) = %(t)_dlf(t_l)’ Vi) = g(t)—j;(t_l) |

2-1) D<o ¢« , X =00
2-2) D>0 ¥ uj
—(V,(t)—cosb VEgo(t))— VD

a;(t) = coshag,, (t)

—(V,(t) = cost Vi, (t)) + VD
a a,(t)— cosfag,, (t)

Ty, =

max(zy, z,) , if T3, <0

min (zy, z,) ,if 2 =0, 2, =0
$ p—
0 , otherwise
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Abstract

A Study on the Highway
Congestion and Traffic Safety
Monitoring Based on Vehicle

Lidar Sensor

Kim, Hongjin

Department of Environmental Planing

The Graduate School of Environmental Studies

Seoul National University

Recently, many companies have developed traffic situation
analysis—based navigation technology that generate an optimal route
to a destination. However, the data collected by the traffic situation
collection system (VDS, AVI) has a disadvantage in that it cannot
recognize the situation of each lane in sections such as junctions or
entrances and exits. Therefore, in this paper, unlike existing collection
systems, we propose a method of analyzing traffic conditions using a
LiDAR sensor.
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In this paper, we establish a methodology to collect seamless and
continuous section traffic information from surrounding vehicles
through lidar sensors installed in driving vehicles, and use
microscopic and large-scale data to analyze traffic conditions and

monitor safety state on the road.

In the research process, problems and safety evaluation methods of
the existing detection system were analyzed through previous studies,
and the concept of a participatory movement detection system (MDS)

for problem improvement is proposed.

In order to implement a moving detection system(MDS), the point
cloud data of LIDAR was collected. The collected data were detected
using the Voxel-RCNN model to detect the location and size of the
vehicle. The detected individual vehicles were given IDs and tracked,
and the speed and acceleration of each vehicle were collected and

used as traffic information.

Based on the collected traffic information, traffic states (density,
speed, etc.) and safety evaluation (MTTC, speed standard deviation)
were monitored over temporal and spatial. In addition, these results
were compared with the existing detection methods(point and section
detection). For comparative experiments, field data were collected and
compared under various conditions such as congested sections and

tunnel sections.
The collection results of the existing detection method are expressed

in a cascade of traffic data. However, in this paper, it was possible

to collect and express continuous traffic information that moves alive
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according to changes in temporal and spatial. In addition, through
this, micro and precise traffic flow could be confirmed. MTTC, which
was 1mproved over TTC, was also used 1in safety evaluation.
Through this, information on the risk section could be collected
sensitively and precisely. In addition, the actual dangerous section
could be quantitatively confirmed in the safety evaluation method

using the standard deviation of speed.

Afterward, if traffic data is continuously accumulated through many
vehicles, it will be possible to analyze various traffic phenomena,
such as missing sections, lane-by-lane, and inter-lane characteristics,
which could not be identified by point detectors or section detectors.
In addition, it is expected to contribute to providing more accurate

and driver—-sympathetic traffic information.

keywords : Lidar, Object Detection, Moving Detection System
(MDS), Traffic State, MTTC(Modified TTC), Speed
Standard Deviation

Student Number : 2005-31243
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