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ABSTRACT

The technology implementation method was diversified into an ‘autonomous cooperative driving’
method to overcome the limitations of a stand-alone autonomous vehicle with vehicle sensor-based
autonomous driving. The autonomous cooperative driving method involves exchanging information
between roadside infrastructure and autonomous vehicles. In this process, the concept of dynamic
information (LDM), a target of cooperation, was established. But, evaluation methods and standards
for dynamic information have not been established. Therefore, this study, a dynamic information
evaluation method based on information on pedestrians within the moving objects. In addition,
autonomous cooperative driving was demonstrated, and dynamic information was also verified
through the evaluation method. The significance of this study is that it established the dynamic
information evaluation methodology for autonomous cooperative driving for the first time. Based on
this, this study is expected to contribute to the application of safe autonomous cooperative driving
technology to the field.

Key words : Cooperative autonomous driving, Local dynamic map(LDM), Moving object,
Pedestrian information, Evaluation methodology



REBATHS SI3 A Jluh SHHE Aulx Bo} wy

A AEFY, A7 AL, 2nE B E Fo] Asat Al MEE ENERE Azl el w
o} B AbY B7o] §43] wsleta gtk oY Wsle W=, =8E 5 AAA AEA; AZAHET of
Y, k=] SR A=A die} 7)ot AsAt ek 7E A Al A A TxolA mley 23
Z AEAE O 99s gAY UE A gHo R 2 H3lE VHAE 2R EHI itk AR Ed
ZE 7]4ke2 gk ME.C.A.(Mobility, Electrification, Connectivity and Autonomous Driving)7} 12} A&z} A
o] EZ 7= 91 oH, With/Post COVID-19 Althe] E2u% A% £ MECAZE $E 2103 A%
Skl QItH(Cho, 2021). AFAAl T4 AEF #of Yo E2uTF Eofoll A+ o] (Mobility), FEH(AZA,
Connectivity) % A}€-5F3(Autonomous Driving)oll et A7 2 7]&/d =87} F718ta ATHSAMIONG
KPMG, 2021). 53], zt&F AlAol| o3 A&FP-& TFHAL 7129 A&FY Agare] As 2242
A, AEFH] HHAE Eol7] all FEE A&FY VEo] T8 V&R AYuildd wet AedET
ol gt A4 Z TjeAte] §43] o]FojA 1 gtk

AANA Y AEFHole AJA GE 9D 7 A&F8 7]eS Adstr] A =24 AX]Hof

[e2

= ¥ B2 xets &8ss Al ARE IS ¢ v TS FEsh= Al U
Eh(Tesla)7t 2HFe] B AA RS &83te] 8T8 7)< (Autopilo) S TSI e A o] =2
Zs Z8ske Aol td B =24 Stk 18u EAERE doe A FA9 AeFxs AT
TH S A A Q4] e/ T BT F e BA A4S 2 2ol EA8] W&
A&Tg o] BGAAH S Frr] 93 /A ko] Badk AAolth o]of] el 4= Stand-alone
W] A&Fd Ve AE FH] AT WO R AR AR AR TER FFoE ALY
F3 ZleMd UGS S BEeto, AT ASFHFY s T ASFHATAY FEIE AT
#d A7NEE S35 JHMinistry of TIE, 2021).

oy

AW 0 7 A4-&F8 ApgF dzert ﬂ?_l—o]—% = Local Dynamic Map(©|3} LDM) el 7% &
AR} FAAET} fFgEth AAARE B2 Vo2 B AR} o] AR ANFT7E 11
BRE, Aol g Aot BAAEE AEste] &&3HA At M, $4F = AT A
o] AAIzto® Fa ol Fg3fof = T A, o] A AE T 2 &Y ABAlo] o ARE FAHA Q)
o AR RE AFo] 8T T e HOlHE Xﬂ*O]’% AR Aul e AAZICE Wdlele 49 4
AARBEE ATt AE@E T80l o]HA 7 UEE LDM Foll A AR ATl st Aol BFHd
Zolth. 719 FHAR Al Frles FA4l ol ?L-@‘/] Packet Error Rate (PER), Signal to Noise Ratio
(SNR), Latency 5°| ¥ukz o2 385 o] tH(Ibanez-Guzman et al., 2010). FZ AR AH| 2 E=3F W A2 o
23k ol AFol T8y Wil #H 840 HUPF a5 AA EE oA HAAZEe R F3 st

T e AgPATA AT ARE ALUTE B DAL W, AR AT HE A2 %7} T
Z3THL & 5 Utk olo] £ AvolAs APAFANA FARR Al JTo| ARHL H7k5)
Slatel B2 dlolE T4 Byl ohd An AMAA T Faeks 2we) BEE AT,

ojojA] 2ol A= /‘*5304?* 2ok, 3B ME AATE v WHES FHAY 48AA =
PHES A7) AT AJ3RAS FASIICH, 57lM Aol did s =28k Ao s 6%
oA & A7) Aol g A8 vpRsith. &5, & AFellA Al AR A6 Hrpi el
vd AEA Y An 2o Hrto] Z8H7]E 7hgit
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I. LDM3 7|& H7} &

Y EZ7]FHETSL 2011)9] gojoll whe} A=dret AFgre] e, desHs R o
T olde Tt v TEARI Jidelth LDMo] Hx & AEH Z2AEE Y ITS(CITS)7t Al
% SAFESPOT Integrated Project(2011)°]T}. £ Aol A& S E AHlx H71E 93] SAFESPOT Integrated
Projectoll A1 A A LDMO] A& AT oH, sid A7AAE 7IWe g 3 7|29 SAARE H7F Wi
25 133

1. SAFESPOT Integrated Project

SAFESPOT Integrated Projecte A% 9137488 Abdol 7HAsta, 239 AEE SR olAl A3t
AL F8 FQ FH AL AAsE WS st HFHOEE ATAL dete As FRE
A &= ) dld 7% the European Commission Information Society Technologies among the initiatives of the
6th Framework Program®] A& F3 39 Aoty F& A7 WEo2e vl AR AF 2 g R
719 AEy Fo AR AFE B FUFTE, AEZWA ALY, AAFA ALY, 92A 9 A4 kAT

A 5 Age e Adsks W8ol 3] glon, ol =45 W& <Fg 1>3 ZTh

Infrastrucure Based Warning
Road Side Equipment
(local or remaote) Collaborative Warning
[ RN Car 2 Car Communication

NN

Blind Spot

Safe Distance Caollision Mitigation
and Speed

Lane Change Assistant
<Fig. 1> SAFESPOT Integrated Project

SAFESPOT Integrated Project= HA&H-& ALS AT 21 A5 HE 9 A=A R #eE 93 LDMS
Ao & AFE FHstH T T2y SAFESPOT Integrated Projectoll Al =2 A A g A7=(Shimada et
al., 2015; Netten and Wedemeijer, 2010; Schendzielorz et al., 2009; Zott et al., 2008)9ll X+ Al E& o] 74t 3
7F AR Ay A Ay, dFAE AdelgEol AfY, Y, vUgds 2 29wk AA S B DM A
SH7bet HHE W8S E3EO YA ¥ AR FRIEUTE 53] LDMO] SAFESPOT Integrated Project
of drpht A 07 ALGEJEA, HHALH EFo] HAEA A th IF B4 =3 HF8] o] FolA
2 kil & 4= Qlth oo B Ao AE LDMY #EE B wEt I e TAsE e, 1 F Ol
FAH HEE 7|F0 2 LDM H7IE Aldstaal st

2. Local Dynamic Map(LDM)

SAFESPOT Integrated Project®] A2 AAIE LDMl= fridollA 223}t 91d3]9] o Z wjg} CITS 2
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4453 et CITSE s dolg #&] F4colzt &
% 4719] LayerZ 74 ETHSAFESPOT, 2010).
g M 2 ol
st7] wjEolth 53] %
48k Y3k ARES gR3l= Ao] oY@y wjRo] A 7153 Ao o
g8l tisl 2HA7E SA ey st
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T8kl 288k
2% B (Static Data)ell 333}, Layer 3~4(<Fig. 2>
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FA(Sign) 5o ETZHET W, AR A4 OR W)
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<Fig. 2> The four layers of the LDM
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SAFESPOT Integrated Projectoll & H&3 2z} 2o
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Hol| gt Y& BHopes HRI SFAEE 34, & 3413 ddE AT dAFe] 9o dd dF =
S AgtA o2 el Zo g FQlF AT} Shimada et al.(2015)9] ATollA= LDM H71E Y3l AR $&
Al Zk(Response Time)ol|TH A H H7} WoHS AASH T, o= th&2 A1) £t

Warning-message Output Time - Sensing Time
Communication Delay Time + API Processing Time + Operations Processing Time -+ (0))

Response Time

g Aol F 20y HFEHE o8 AR 72 B34S FHH LY, LDM ARE B8t
FE= <Fig. 3>3 Zo°] LDM, API, LCRW(Longitudinal Collision Risk Warning) o Zg]Ao]A, HE|o|E L2
O g A dolHE AT TR e b FAINH S 2 djFle] &4o] Ad gle o] dH
279 T3S Tk, UEHE 300m'e] A 712% Algo] sgE de AALE EAE
A2 AlPstith

i)

fd 4

1. getNetworkRoadElement()

Client Send ID of egomotorvehicle and
get 1D of roadelement being driven.
3.5Send ID of egomotorvehicle LCRW
andID of lead motorvehicle Application
and get velocity and location
information. 2. getVehiclesOnRoadElement

Send ID of roadelement being driven
and get ID of lead motorvehicle.

getVehiclesOnRoadElement

Update Program [&——> Level 1 API Level 2API

getNetworkRoadElement

__________________________________________

LDM
‘ ‘ Spatial API (PostGIS)

SQLAPI

DBMS (PostgreSQL)

!

LDM tables

motorvehicle egomotorvehicle alongroadelement

<Fig. 3> Architecture of experimental computer

A ATsh ol V1E FAAR H3 B A7E DM B4 Folt BHT A Jo)= Spare] o)4)
el 270 S Au B AFE FYYTHE AV Atk F, 71E HYATNAE AESe|H AST 44
dolElE B8 Hue) VHE FnARE FAT F Ut FHAAZ v EHT BY AT =@ AL
Qe @AZE Utk meb B ATolAE A HolHE £3 2 B8 YR Wk 4FS Yol
FAHR ARz 7} Pere Ak Sk

. 37k g 439
A&YEFYNA] BEHE SAYRE AF T FFL AE T AN, 1% ole] A4 77
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g A3 A% © AR A o, ARG e o 5A FuI} tEA T o] ol
FA AuE A% INRRI Ws) wEe] ALHATY A A& AAsokshe Fad Huol
o AgFAdAL HE FAARE AFe] ANE Eal AR, LA e ARE Azme) £g
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€ gERIeE 253 zau}. B oA BAAE AHAE oS BA Bt FAHEES 4

2 AT

T

FAAR At e AUFIY BAYRE APl AT A0 Aune] FAE £ Ame,
MMl e AFoE AYRAT F ASFAFY A £FAGY FAYRE T2 Azl A 917 B
q

&
ARt NE3] 2}k A e AHl 2otk B AFoAE £ Az} FAARE Ao A Zete
Aulzo] ik H7F S FHE] 8, YT SHAE F oleA ARE YR ATE YA
stdoH, 1 FAAE /M Fasta Hud B A

@ nAA AUE o B PR
o FA AR F RAA ARE YWAOE HAR 9K, o FEE, A9 EIF B

FAAG, ASLF AN A 9T AR A zo] A0jEHE AT A% ARE w2 xmo}

12 & o ok o] W, ‘A& AR RPATL AR AT ), HYPAE A5}

9 —a—m+ ’o‘}"it}
),
l‘

W
o

= A Ao HA st
A7k ofrjstd, M A old HAFH ko] BPAE dvpy W] GA|sta, o] F s HaA Hr
g WAA R e ALstAeAE rdtt ofd wet & AFelAs BiA R 54S WG] of
A AEE, olSA HE L8417 olFA AR LDM A2 Ae $HAR AH2 37 g AT

olsA HEES AAIH ¢+ HYPAS dvht FFs] HAFP=UE 9 ]faﬁ} wehA AA Bz 5
o} A3 HA" By } TE o83t AGEE ALt ol FxXA| ¢} Hlasty oA HAEE Bt
£ YAtk Ao oA HEEY 71E U Aolth

Detection Rate (%) = (Detected Number of Pedestrians / Actual Number of Pedestrians) x 100 ---«+--++- ?2)
<Table 1> Calculation method for moving object detection precision
. Number of pedestrian | Number of pedestrian detection frames to be detected . .
Pedestrian # frames detected (M, = T5, T=) Detection precision (%)
1 m, M ﬁxwo
77
2 m, M, i, —2%100
m.
3 m, M ﬂ—/[zxwo
n m, M, LT 100
M,
7. m,
.
Average - B VZJI( M >100)
n
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AEdETY A 2 B E HEd 3 AYEE ST F, B YA H dE g A9
SE VIR HA 95% oI AEE A AL AEAE VIEOE oA HAEES Wkt stk
olF WAME FHF Aie tha9| <Table 1>¥ 201, <Table 1>9] B7} oA AEES AHAste HT
/klo] Q]:}

!l guiy .

3. 0|3 AE 22412t

o3k E_?S(EZ]—O“ KHOH 1_—| "1
2E 7d A€ B vlolEd sl AEARME ALtet A
o A Bz HEAE n— 1904 By ASAZ4lM niA Bgate] HAEAZHs Wl xto] kg
o sFHH o] FAHORE *“‘540}31 O A3 2
(n-1 th Pedestrian Detection Time)

nth Pedestrian Detection Time (ms) = (nth Pedestrian Detection Time) -

<Table 2> Data log of the nth pedestrian

Pedestrian Detection Frame # Detecting time Required time for Detection (ms)
1 00:00:00
as
2 00:00:00
Q-
3 00:00:00 3
am
m 00:00:00
a,,
Average - — ,22 v
W m—1)
Pedestrian Detection Frame # Detecting time Required time for Detection (ms) )
1 00:00:00
2 00:00:00 ]

Pedestrian Detection Frame #

Pedestrian Detection Frame #

Detecting time

Detecting time

’ Required time for Detection (ms)

‘ Required time for Detection (ms)

Required time for Detection (ms)

a,

[

Avé —— 7 Pedestrian Detection Frame # Detecting time
1 00:00:00
2 00:00:00
3 00:00:00
m 00:00:00
B Average

<Fig. 4> Weighted average calculation by weighting the number of frames

[

nvl -

Y,

(m-l)

By weighting the number of
~— actually detected frames
Weighted average (4) calculation
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REBATHS SI3 A Jluh SHHE Aulx Bo} wy

=

ol& FAsI nWA Bazto] sl AT BE ZHY I B ASA(e)S ARSI, AA B
HAENZHA)E 2t B3z AE AUl 24 AEE =Y ol HFAE LA 75 HFOE o] FA
AEANZ tg H7Hs Agsch pWiAl 2zt st B AEAZ(a)S AHESHE WHS <Table 2>9}
o AA FTF AZSAIHA)S <Fig. 4> L @)l sl 4-=3)

m, = Number of Pedestrian Detected Frames

a, = Average Detected Time
A = Total Weighted Average Detection Time

4. 0|SH| & LDM A2|A|Z

o] A FE LDM A A HA 7oA AEH By FrI WA Z HEste] 2o AEEE Al
7He omdity & AXE B3y AR FAE AZ} o] Local LDM(H L_a})oﬂ A A8ka1, Local
LDMol| A B3z ARE WAIAZ WS § FAI AZF 319 A Afo] = A ARME Aostdth ths 2
G)T nHA Bz HEE 7|FO2 o)FA HE LDM AHEAIZHY 4h& /dS AWsta Qo

nth Pedestrian Information LDM Processing Time (ms)
= (nth Pedestrian RSA Message Transmission Time) - (nth Pedestrian Information Local DM Reception Time)

HZF o]FA HE LDM AZAHE 2 (5)¢] /WE B3 R LDM A7) Ht-& A&t 153t
= 02 Aostglon, AP 100ms o|HE FEE HASAT.

V. AEZ A% A7

A AT AEHHFYY AR Aul2 Grh e S A8, AVIE A AT HEF
EEFTYR YoM AEe FPAG B el AR AY AT By 41 AR B Uk &
TE A% Azt A=’ g s Aestich

A

1. MEZ RgyEFY 45 8

o+ AA, 9°ﬂi‘ A= @ AT 5 28k BAEE Fa Fh0E 4
)  SweFYRE AH“E/I 2 R Hes ®
P86 ‘}ii —g5/o) au o, S AEA0] AT T3 2 wlzwlo] AMTHE Au) sHEE T4

r
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Sl gt 7|y SHYE Ms|x B}

ol gk AR 3 ojAAZ = @ 2 @ WAR Aol 500m, @ @ AR Aol 400molH, @ 3
O A= Atolol] Bz JAR @)/t 1A ATk

<Fig. 5> Demonstration test section <Fig. 6> Pedestrian dummy

0 2 @ AR Aol AT TR @)= <Fig. 6> Zo] By tn| & &8ate] =W <l
A BYPAE QAT &, ALFEFY AFoA ARE AFete YHoRE A5 FYsIATE FHALY
AEE mEfste] A AFo] obd tinlE FE3tH o, tn9 olF 2A4E JTURE ko] b A9
N Fxoz fulel XS 2A45Ah <Fig. 6> o] Bazy} %sh= A9 HAH 2AZ3Z)d
EHTFA 2K <Fig. 6>9] A4 AHS AAAZ FHdA AFS TR, IGRE] AFRE Sm
Ao A& HFYAFo] =239 S w(<Fig. 6> JAAeF 91X)) Baalsrt JAYol = Bsta K
A7b B GetE A4S Adsch olnf BaAE s YIS AA7F AR R B o] 5
HE ZAA35la LDMS 538 AP T AFolA ARE ADste] A&FEFH 2 A AR o9
RYPAE AT F I=E FA}T

2. ASHHAFHS Y5t SHIE AlaY 7Y

A& FPapFe] kg FA LS A Ar] A% FHAAR AN2HS <Fig. 7> 2ol A AlEF
T=3Th <Fig. 552 @, @, © Iﬂ_i]-i 2 AR @) =¥ AZeKLocal LDM)E A5t oH, =¥
Azl A FHE HolHE AHZ AFst=s T80t AEHE ded FEE 2AHEE 7hgs] o
Al =i QEetE ASE T A L%}lﬂt}. LDM Layer 4°] s]@ste= FAAE TR o] AEH
= olFA ARE i ool A ALHYFY Aol A HH ML (Edge Computing)dt== 7333t

<Fig. 8> w2 9 JGH T HX|3te] o] FAE HAsh= AA7]9 Foln, <Fig. 9>+ oA A
2715 T3 1Y 9 B olFAE T8 ot g HAVIE Fall A XA RGPS HE
A 71%), ol EA 9 olF &£, A5 Bl W FHE SR8t ASPYFPA T Ao E 5T
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o 5 =32 o|st oSl L= A I H
A2pHTUS oo A 7t SHYE M| A g7h WY
V2l Roadside infrastructure
for CAV 4
¢
12v Infra. sensor | Local server ]
In-vehicle device Roadside station || Signalcontroller
= A " - M.
= - = o
. ! > r..' ::-ll
‘ : F i
-~ ] : e
OBU Tvelice LDM ECU Detecting
\ = Center server CAV Center
In mounted } i
LI ».“5 ‘,.. aa - - -]
-2 === 2= ==/ 0 A e B ==
i kb CaV RRRINNY
et RSN E\E N

<Fig. 8> Moving object detector(Roadseer) <Fig. 9> Collection scene

A% APeIAE dHe st oAl B ATsIY o, AFo
& B Aee] A2 Ausar] WEe] AedgTRel i <l
BaA HolEsl #UFES AL AASA.

3. 2} HOIH &

AZ AFe 53 37k 20219 102 219 &4 10A5FEH 25 3A 74 £33 oju B3zt 8=
HuE &&3tgion A&FEFd aAFoA ol A FHFR AF Au2E AFT A2 o] &
FH F 153]9 A HolHE o] &3ty FHAR Au|xzd tigt HILE Fastaat stk olwf oA A
A 7](Roadseer) S Z3l =3 H o]% A4 AHE <Table 3> Zo] 219 FhE FEHT AAH HAHE o
A FHARL, ol FA TR, oA A HE, oA olF £& T EFsta glon, AF AF
¢ FE dolH 285 AR ANTE AR Fd FHAHE An2 Hrlo] &85t Hrke A
32 Byt e 13] AASER o]& AHEs] AAAertl W B7F 7hsdith

olN

<Table 3> Example of data log

2021-08-30, 14:10:00.420 ROADSEER,210830,141000.088,V,0000000002,U,3714.5433,N,12646.4749,E,000,243,050,00000,00000*08
2021-08-30, 14:10:00.421 ROADSEER,210830,141000.088,V,0000000003,U,3714.5473,N,12646.4747 E,000,243,050,00000,00000*03
2021-08-30, 14:10:00.422 ROADSEER,210830,141000.088,V,0000000029,U,3714.5398,N,12646.4747,E,000,204,050,00000,00000*0A

ol A ZA7](Roadseer) ol A =3 E HE = ol A3 Local LDMO.2 HEEH, Hg$H Y H= Local
LDMel| 4] <Table 4>2} o] WAAZ HEAH o ALHHFY AFolA dFdth RS DA Az, A

—

=1

obx
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<Table 4> Example of local LDM data log

E3eta
Al A Zr(utcTime) 3 4

At 4714 HH

ZF(typeEvent) & 7|2 B
ZE A Z(Heading Time)< 7]FO.2 AR

2021-08-30, 14:12:38.462 S RSA={msgCnt=55 typeEvent=1025 position={utcTime={2021-08-30 10:29:33.944 +540}

long=1267749724 1at=372422145 elevation=284} }

2021-08-30, 14:12:38.625 S SPAT={timeStamp=347892[ id=101 revision=62 status=0000{ signalGroup=1{eventState=6
minEndTime=7750} }{ signalGroup=2{eventState=6 minEndTime=7780}}{ signalGroup=4{eventState=3 minEndTime=7780}} {
signalGroup=5{eventState=3 minEndTime=7980}}{ signalGroup=6{eventState=5 minEndTime=7630}} {\
signalGroup=8{eventState=6 minEndTime=7780}}{ signalGroup=10{eventState=3 minEndTime=8380} } {
signalGroup=11{eventState=3 minEndTime=7980}}{ signalGroup=12{eventState=3 minEndTime=7980} } {
signalGroup=13{eventState=3 minEndTime=8380}}{ signalGroup=14{eventState=3 minEndTime=7630} } {
signalGroup=16{eventState=3 minEndTime=7780}}{ signalGroup=17{eventState=6 minEndTime=7750} }][ id=105 revision=62
status=0000{ signalGroup=1{eventState=3 minEndTime=7980}}{ signalGroup=2{eventState=3 minEndTime=7980}} {
signalGroup=3{eventState=6 minEndTime=7700}}{ signalGroup=4{eventState=5 minEndTime=7700} } {
signalGroup=5{eventState=3 minEndTime=8380}}{ signalGroup=6{eventState=3 minEndTime=7730}} {

signalGroup=7 {eventState=

2021-08-30, 14:12:38.964 S RSA={msgCnt=56 typeEvent=1025 position={utcTime={2021-08-30 10:29:33.944 +540}

long=1267749724 1at=372422145 elevation=284} }

FAT ALULFAL 93] WA of

Az, o]&A] B LDM A2 A

V. AEE Az AY A7

He A W7 A% oed 2.

<Table 5> Result of the nth pedestrian’s Detecting time

ofr

ot

A AR F By RS
H, AR A2 H7HE AFstion Al 7HA] B7F A2

7|E0 7 o]%FA

HEE, o154 A=

Experiment tound Number of pedestrian | Number of pedestrian detection frames to be detected Detection precision (%)
detected frames (m,,) (M, = T/5, T= Tatal detectedtime (sec))
1 105 times 105 times 100 %
2 90 times 90 times 100 %
3 105 times 105 times 100 %
4 105 times 105 times 100 %
5 70 times 70 times 100 %
6 95 times 95 times 100 %
7 80 times 80 times 100 %
8 78 times 80 times 97.5 %
9 35 times 35 times 100 %
10 105 times 105 times 100 %
11 55 times 55 times 100 %
12 80 times 80 times 100 %
13 55 times 55 times 100 %
14 105 times 105 times 100 %
15 53 times 55 times 96.4 %
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1. O|SH HEE

BYPAE HEsHA 2T Zd Yol WHHIUT. <Table 5>+ ©]&* g Aol o]

% 153 E?‘fgx} Ou g 93t Ags 2, Al 88 z2k78H AE) ¢ ﬂi}(sy AE)A 7+ 234
= 4 Z
<Table 1>°1] AAG Bo] AR Ao A3 Ay} o|FA HF HAEFELS

2. O|3H| & 22AI1Z

Aol A o] FA AE A8 200ms ©|3HE HIER MHAFPoH, o] VEL 2T 5AS AEdeE A
< oJu]gt}. <Table 2>0l AAIGF WHOE o] FA HE 28NS 4HEsIH oM, 7 3|AE HE 28 A7
< 7|E0 2 11 AFE A5t <Table 6> o] =E3}5 T, <Table 6>2] Detected Time©] nH A X3 z}2]

H AE 28M7Ha,)0H, 4 @l A3t AEF HF oA HAE 29MTHA)S 200ms ©|3E £F

<Table 6> Result of the nth pedestrian’s Detecting time

Experiment round Experiment fime Number of pedestrian detected Detected time (aj)
frames  (m,,) (average, round off decimal point)
1 12 : 04 105 times 200 ms
2 12 : 12 90 times 200 ms
3 12:13 105 times 200 ms
4 12 : 33 105 times 200 ms
5 12 : 39 70 times 199 ms
6 12:57 95 times 199 ms
7 13 : 06 80 times 199 ms
8 13 : 34 78 times 200 ms
9 13:35 35 times 200 ms
10 14 : 08 105 times 199 ms
11 14 : 09 55 times 200 ms
12 14: 19 80 times 200 ms
13 14 : 21 55 times 200 ms
14 14 : 31 105 times 200 ms
15 14 : 32 53 times 200 ms

3. O|SAl E= LDM Az|AlZt

AZS 53 AA A3 LDM HolE &= F 3894719 HARAZ, 4] (5)d o8 &3 o]Fa HRe| ¥
T LDM AZAIZEE 19.0msZ SAH T o] A2 AIRte 71Fo2 A2|stH <Table 7>3 Zth
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<Table 7> Distribution of LDM processing time

processing time Number of cases processing time Number of cases
<10 ms 1,209 <90 ms 7
<20 ms 2,162 <100 ms 7
<30 ms 121 <200 ms 69
<40 ms 33 <300 ms 14
<50 ms 68 <400 ms 2
<60 ms 154 <500 ms 3
<70 ms 29 <1000 ms 5
<80 ms 11 Sum 3,894
VI. 2 &

04 54 stand-alone A-&F B AZLATAA 2ok ol FAS B W AN LFE Est] o}

e G AEFHE B0 A AT Ak olF FB57) Gste] zetsl Aol Az A
BE DB} ALFYS TUSRE ALFAFY P2o] WA FolAE AR APHT Yok, AE
RS Q7a0 AP 2] Aol AR AR G W) e ol Aol 7

29| H7h WS AR} o Baks B9 BARokA HolHY AA &S
9 BLB RS} ZPolek T 710 A AN kT WA

o7 A, A&PHEFYES 9
7 Atk olol] B AFoME AR AEFYFY Aol AR sty SHARTL HA-H Lo AL
S5 ARo] Agxe} 3 HEIFE 9D AgAREE 28 THE HUPt 7bsd SR E A2 37 i
HES AABHAT

THE FHAAR Au2x Jr PHES AF3] fste] A7E S AEd AFEAS nhdsd e
o, A4 AFe gdoz ASAYS AL AY A §d HrF FHES 89S u, olFA A
ZE 9%, HE 28AZF 200ms/, ol F5A FE LDM A2 Az 19ms/A 2] At =EE UL} o]d ujel &
Aol A A QFZAQ o]ZA AR

AT SHAYR ANz B PR Fo ASFATY) BAF Yu
o A%E, WF £8407L LDM A7) UiF BEE DY AAshech

2 A7 SAE 8 AERYFY AFe] FHs= o)A NN SAY A3E vig
o2 FHAR WtE s, ALFYFY A FREE FHHE T EPA ARGe o r AT
< FRsATE AV Ao 2y AR gl ol gt i ARATE B FHA S} shar o
Ele] Zpolnt Q& B, LT daglF ZT2A2E Ve A H7] wid ol FA 540 wE Bt Wl

o= Aol7k lvta At wEtM &5 AS &8 A, 2 AFolA AR SHYE Mulz Fr}
WHES A83 Byt 7FsE Aol e B AFoAE ol A AR £ Y Ao mE Hrh ekt
< EFekaL Q7] Wi, FF dreMe AeRYFY AT YT ’“EB Al FAARE A zHe] F
o 5l ARy EAE ol o] AedEFYol the EHE AJAD A= T FIF Peke] M9
& Y 7 e FEATVF FYHo kS Ao s AddEn

F719F 2 AT FATE gol® BT & A7 Ade do' HE g AsdYFYSs AT
SAARADM) Aol Slof, 7|RH LR ZhFojop & e 7S AASIATE HelA fe)7t gtk
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