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ABSTRACT

This paper evaluated the performance of passenger vehicles with an AEB(Autonomous Emergency
Braking) for various pedestrian-vehicle collision situations. The experiment was conducted at a speed
of 30-60km/h on a 2017 3,000cc vehicle using a range of collision scenarios.

The results showed that the test vehicle stopped before crashing a pedestrian dummy under all
scenarios at 30km/h. The test vehicle reduced the speed but crashed the pedestrian dummy in all
scenarios at 40-60km/h. From the paired t-test, there was a speed difference from the AEB system
at a significant level of 0.05. In addition, the percentage of speed reduction was quite different for
each scenario tested. It was concluded that the current AEB system can prevent pedestrian collisions
at speed of 30km/h, but cannot prevent collisions with pedestrians at speed of 40-60 km/h.

Key words : Speed, AEB, Collision experiment, Traffic accident, Pedestrian



AEB mE SEAS HUX SSAE| Bt AHH Hlo| Bet AT

AeFPAE SAATL 27 A Polx 228 FHSE AFAEA, I D& HEs ] A
O AHsatatd oz FEu Qs Eofo|t) v=e] =2 W F U S (NHTSA; National Highway Traffic Safety
Administration) | Al & A&7 ZeFES g8 05FH d8471A sEAR FESHL Thol=eielS S]]
<, @A SEvete e dd2e] AE&FY dARA F ol AFAY 7|EEe] FHE J%de
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AEB TE £83te] HUX HSAHO| BE MHH Holo| B ol

2. 97| el 3 Uy

2 dA7elMs AEB7} ZFE A4 201794 3,000CC 582 Yoz A
60km/h7HA] oF 10kmh® 2o} 74 A8 BaA gujeh FEshe ARl 49 A dde sdsksth
Bz vvls Ao A9 7ked 2 75% S A9 274 AE A8, =9 A A
HEE 59 ] BEes H}E}Eﬂl AT oled A EAL dA Bol TASE ATEYAL
AtLE Hrgstel AAs o, 4¥E F AEB FF Ao Lo e By FE o 9 AEBS 2
Fol o7 A o F 55 AT FHE 23S E88to] AEB FF AFe By F= Iy 7Hs &
S5 Ao, FA4 E4& g5t AEBS] S5 & i} gleAdl #akel Brisksith

. o1& W7

1. AEB2| 0] =A

AEBE AWFEAo] A HE 4%
FA ot Aol g 2 2AH
A s&AF ARE| AL Au A Z A 7] E5 AEB7} 53t Al &A= T <Table 1> QE}(Kla Motors
Corporation, 2019). Z}&o] 3 F FE o] A < 7} AA & o] &3 AlZ(Display) &
B AHEE s, 2vA= 54 ‘i—l 3 8] (Haptic: 2~E] 9] ARE FYsla, 3TA= A &
5, Aglse 13ty EES ALt 484 = AL 245ES CAN 541& o] &3ate] Afeka|o] x|
ADsta, 5 Aol oW Az Ea A% E A5 Ass Fhh sHAE TE A48 A UFAF

2 Yk

<Table 1> Sequence of AEB System Control

Step Description

1 Detect preceding vehicle using radar sensors and camera sensors

Vehicles subject to AEB using the analyzed detection data

Calculate appropriate deceleration according to the presence of preceding vehicle, speed and distance

Transfer the calculated deceleration to VDC(vehicle dynamic control) using CAN(controller area network) communication

(O B N VST S ]

VDC id braking control after calculating required torque

Lee(2013)= T4F F€ 39 4 JJ%H

11101 S & 2 AA

ANtk =3 +249 IR ?_'3]'

Control) No" dagEs 9 A3F3ta, AEBSE CDC T3Al0] €aglES Mdstant. 7dsE AEB

Aol Lag)E] Hs AES 93l MILS(Model in the Loop Simulation) 3732 T3} 1, Euro NCAP(New
e) AEB E|2E AU E 73 HF AFS I3tk

el &35 7HA = AEB /RS S5t SE I E % As
z,lE S2Ae AlE Aol ARl tEAE Foste dagE
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Goo(2016)= A FATA LY NEAd GRE % APxF def 4 2 2FAF %@'Xﬂﬂoﬂ s
3 ATl Mt ket 38 B3 Aso] HAske AfolE AKHOE &F HHE
Zat e o] IMM(Interacting Multiple Model) ¢ 18]&S 83l APk A& 7]& Zvl
A3 A3t o] & Bl AHI A AT AolE FH}FEE SHUTE £ AEB A5 Al Ao Al
2-Hlo] BRiAlolE Tt MR FA FES 3T FAlo AFe] HHPES FRstuA sHTh T

A3k SAAAM APt e 4 dadFe A 7129 v Zv TES A 9 diEE,
TTC(Time To Collision), A& Ao Y& HuE T3l HFstIom, TFAAY 52 MNE AofA =&}
AN ='E0] T 23X AlsA, FHEF olgAE], QHolE o2& vl T AN =H AF
= A5tk

Jeon(2016)2 7] AEBS AA S 4 9] ool ARt Aoll&& AL 4 dom, Akgoly HEF 2
S A ETLG =2 FHo o3 AAAA I HAE Aoe SEIT Aot o FAHE Sﬂﬁfﬂ'ﬂ 9
3 2k ZRV2v) B4l B4 7o R =HAEE 1Ed SE 39 A"E Adete AAlse s T
kA

Pyun(2015)& FH 84S 133 115 A% A5 Alzdo] B3 AFolA 7|&e A7 AAZ T wdnt
FAste Agsk= MAdE AEBE AQFSHAT

AAFE FH L3R Fr|o =2 AAL I s@npEASE
AsAE Ao drg)E&y wHuldAFE 23 d18ESS MATLAB/Simulink® 74331 X5
3 A8 T2 A CaSime.E AAXNE ZF S %7}—5}9;@.

Ryu(2013)= AEBU-S-& 938 = =,
olE| & o]-§3}d *ﬁﬁx}'ﬂ«l 18 o R 4% %%Oﬂ o3l EE} 145 }71] @ﬂfﬂ *PEH 4ol 7b5
=z 0

IMM €18ES Akste 7|9 dagEs NAdst er% ‘ﬁ‘:}

Choi(2016)= Human Model S 1&g 32} HE A" 7 AT A 7]E0| ALS-E= Dalal# Triggs7}
A 2F3H HOG(Histogram of Oriented Gradient)”} X2.3§7}2] L/\JO] Holz eto W HEE&o] A3 HAA 5
TARE WS 93 AEE BHES AASAT. o] dFolMe RS Al skl 27)9] F

2 Ui DPM(Deformable Part Model)2 AH8-3}3 L-SVM(Latent-Support Vector Machine) 7] Al 852 AH&
d%’\]’\w—o— A gato] B3P AEgo| A FE ALE HIHEAUG
him and Lee(2017)1_ PC-crash Z2 185 &8sl EFY &5 9 H3 Eo|7} B3z} A=A v]X]

rsh r-{rn rlr

S ogffok

& BHSE 9TE SUSAG Y 23 798 4 EoldlA EYY £551 3] Het 1
YA AEALE —o—ﬂo}f Ashe Belstgon, FAE W Eoldld Edel 74 F/k ne nag A

EARE 2 A7 A9 gle AoE Adsiith

71E 97 AdE HY AEBS} #Hste] F2 753 S 97 Ao dadE: A As A dn
gEs Nkl AAsHs d7Ee] FAHMT. Teal 712l AREEA e HA A 2y g
Mg ML B e AN MdE HEES AXNT A7 3= AT ol8d 752 AWolA Al
ool B By 7Hte s s3E doln, A =2 oA AEB7} B2 Aol sl A’ At
Aol wdE A7 Adks TR gle AoE JoHI.
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& ATellA = AEBZF B2k 201734 3,000cc wWAIZ e &A-sAE AAste] AR FEdPE
St <Fig. 1>°] AAE A Zo] AgataFel AW & v (room mirror) FZol| 7} 2H(camera) 447}
A& Jom, EA HALE o] Eote s ATE FAIStY EAete AT ¥, &5, W, Fo] 59 FRE
FH8te gt Radants A I8 Wl X&) Aok 2 a B 2l FIASHFR 20179

UG A A ARE Fast oF 170em] EPA Gu|FA vpd|A)ol] & 48 AL, <Fig. 2>
o} Zo] FAEGTh

<Fig. 2> Pedestrian dummy
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M AN A SEE APEEA WA /ST, ABB Test D S5 2 TN HE 7Hes ol
Al

A e Hol AP SEE PSSR FA5G0h 1)1 AEB/F AFHA 2E F 51 AEB Test %
S 7 724 ARATel B3 A pole %mﬂ A4 AT AFe A Aom MYk

S Whgste] <Table 2>9 2L 47149 B A3 20&
TASRAT B dule AgaEe AW 2 FHoE wahiA AN L, AP By vuls
Aw 7k 8 75% 29 27kA AR FAsth a22la A3t é_‘zt 30km/h~60km/h | 7-3kel]
A 10km/h 9l 2 F71sted Bk vrleh S33t=s d9s AASHIth AEBY| AE ool tid d =t
Ak Aol P8-S aske] 60km/h ode] & 9] AP E AToIME AFEHA XA =
A]t‘ =X dutH o AZE = £511 60kmh o]ste] £olX AEB AHE o g HPA T= RS
st AHE 715
@A Haﬂ oE! X—kidﬁ% ool BAR TR dPApge] Frle s AF2 Ik, B
Pz drek =T 45 Zd & Tl Aol Beela A F By gk F=317HA 9
akias 74]40}9511:} za AP 2 G-San2 AHl 8L R 7hHgtE F8ste] B4t

<Table 2> Experimental Scenarios for AEB Field Test

Scenario Situation Vehicle speed range
S1 Collision between vehicle center and pedestrian front 30 km/h ~ 60 km/h
S2 Collision between vehicle center and pedestrian side 30 km/h ~ 60 km/h
S3 Collision between vehicle 75% offset and pedestrian front 30 km/h ~ 60 km/h
S4 Collision between vehicle 75% offset and pedestrian side 30 km/h ~ 60 km/h

A= AMFA&OH Hﬂrﬂ} A4 “4—% AAEH I, AvE el APdAAE £4- 48 W82 o <Table
7hEd ek Bext AR SEAE AIKS)), 3lkmhe] XA APl
9 BﬂOIH oL ?}Uﬂam Aol A}%‘ 2y gu)E st EEﬂOlﬂﬂ g3kl Hejatete] FE Ao AA)
Ak 28y 2kmhe] AF SR E FEAA 0.13% Mo, 49kmhe] A S FEAH 0572 A
57km/he] 2 SEoA= FEAIR 033% Aol APAFe] Byolart 253 A& FRlstd ot o] <
st Bzl fulE BF FEIINT Rl FESEE 2kmhE T3 Al 4lkm/hZE F 1kmh 75 9
I, 49%kmhE F3 Al= 2kmhZE Tkm/h 7245, 57km/h§ F3 Aol 57km/hE o] e Ao golgQit)
APAF AW 7k B S| SFEHAE AIS2), APAFY 5 R2kmholAe= B34 HuE
01*‘6}1 Byo]ar}t AFste] B F& Mol AASIAT. 12y 4lkm/he] A SEolA = FEAF 057
Z Zof|, sakmh 9] 2F == FEAA 0572 Ao, S6kmhe] 215 SEo A= 0372 Ao AEBE 25319
ou B gu]E FESITE A@atge] B tr| $ES5EE 4lkm/hE 7 Al 31kmy/h(10km/h 7HES),
54km/hE F3) Al 47km/h(7km/h Z+%), 56km/hE 53 Al 53km/hGkm/h ) E gl
AdzteE Ad 75% A AT B zmu =49 A3KS3), 33kmhe] &EEAME By guE
AR BEo] =27} AHEste] BA FE Mol AASAT. 18y 40kmhe] 2HF SEoAE FEAA
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027% A, 499%km/he] AF £E= FEAA 0672 Aoll, 63kmhe] AF £EoA= 023% 7l AEB7} &
B3RO Ao A&Ety Bex tu)E FESINT 2 R4 SHE BA FESEY) A=
<Table 3>3} 2t}

AR AW 5% A9 B SH FEAYE AIS4), 29%kmhe] XA = nRIAE B3
X} HuE Q4sly B ol=r}) AE3ste 11531} == 76101] ARG 18y 42kmhe] A SEoA=
EA4 0472 Aol, 50km/ho *Eoﬂﬁt ZEANA 0272 Holl, 57km/he] AF L£=oA= 0.07% A
AEB7P ZEstH ot Bz fu)et FEET B FELEE 47 42kmhE T Al 39%km/ h,

50km/hE 338 Al 49km/h, 57kmhE F3 A 57km/hE ZAH = Ao
o] e} 7&3 AEB Z}EOH w}é x}ﬁu &5 AT x} A A=
zZ

b
™y

2 Aols dveEhith
HaFol 71 AA dEhst
EURPA L il 75%2*“ 2133 E?sﬂx} ?_«l F=MSH -:L+Ql Fo] 7P AL AR FHIY. &
AAAS T, A 571 30kmhol M= AEBY} Asstod Eﬁé‘x}g}ﬂ FES A ok &
=7} 40~60km/holl M= EE A 233004 AEB7} 2HEst A HaAe FEe ¥ "#
ATk olHd APAAE FE AEBY| Al =2 EEA #I Bt dds}
el Byt 88 slog dddEn

<Table 3> Summary of AEB Field Test Results

Test scenario Running Collision Collision speed | Reduced speed | Reduced speed T]i;rn aLE;tV:Ezn
speed(km/h) (yes/no) (km/h) (km/h) (%) collision(sec)

31 no - - - -
42 yes 41 1 24 0.13

3t 49 yes 42 7 143 0.57
57 yes 57 0 0.0 0.33
32 no - - - -
41 yes 31 10 24.4 0.57

52 54 yes 47 7 13.0 0.57
56 yes 53 3 54 0.37
33 no - - - -
40 yes 39 1 2.5 0.27

53 49 yes 33 16 327 0.67
63 yes 62 1 1.6 0.23
29 no - - - -

s 42 yes 39 3 7.1 047
50 yes 49 1 20 0.27
57 yes 57 0 0.0 0.07

Reduced speed(%) =100*(running speed-collision speed)/(running speed)

9 A3 292 FH A S5 40-60kmhe] 7o) M AEBO| 2ol met £E9| At HAe Zlos
uUebst o2l £x0] Wbt FAHCR FoAd A3 FAH] ASE paired ttestE AHESF] A

208 PIRTSSIL| =27y TI183, M62(2019H 129)



a1

AEB mE SEAS HUX SSAE| Bt AHH Hlo| Bet AT

stath 2 HF AN/ “AEB 2ol wE SxAatolvt gl e Atk A A &5 A8t
BAFE 29260, pvaluedt 00137882 UHEMRTE webA fo|EE 005904 ¢ AF7HES 714EHA L,
AEB 4% e &LEatolE Qv ASE Tt T8y o] 2] S0 7} 40~60km/he] EZAA B
F=S J9T FEde VAR Xdte ZAoE EAHA
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A AAHOE A8FYR 716 B] B FAHT Yx, £A4 L BAA AL PP A
ge Azdo] B8 1 9Tk ol F AEBE BATANA ADAS F 71 28 FA A4Hw Qo) A
A E2AFAA AEHA Eshe JHS) FeAA 3 Yok £ ATNAE A ABHE FUA
583 3 ABB/E A5 $832 Yol Agstel A3 4P B3 ARAA FE93o) 93 AEBY

715 Wkt A4S AASt AHE AASHATE Aa AEL U4k 2017194 3,000cc 2HFS
O oF 30~60km/ho] &EolA B FH B FH FE AU LE AAste] TP

A% A3 AEB7F AFE AES oF 30kmh £EE FHYT AL By RYFHAWE w= Z9) 2
SEFAGHF AW 7kt Ee 75% wA)et FAgle]l BE Agx1dA AEB7) AEdte EEM g
SES7] Aol AA AT 2elu oF 40~60km/he] oA E B RPFPHAY Ev FH) 2 FE
A AE 7k e 75% )9 BAge] BE AFRAA AParEFe] AEBY) At $EE
st ot Baa tin) ek 2850k A% £5 40~60km/holl A AEBS] ZHzol whe} ik £x0] 7ha
7t BAARSE oA o thsted paired ttestE AT A3, p-valuedt-S 00137882 LERY -2 EHE 0.05

oA AEB Zzol mE &=3ol7} e ZoZ Yelgth
TJ18]3 AEB A5l 2 A &5 7AZL AgAY AU ¥ E & Ao]E YERN T 40~60km/h
o &xoAE AT AW 7S BalA A FEA(S2) 5 Aol /b A, Ak AW 75%54
AR} Bz o] FEAN () &5 FhaZEo] 7 Aottt o9} 22 AnZHE], A A2 AEB= 3t
o] £571 30kmhol A &S B3 Bty FES U F 1o, 40~60kmh SEAE
&S B Bz FAEe ARAE § Jou Bty FES 9T F jle HoE ﬂ%%r%
£ A= AEBYF A2 uiAi4Ake] 201713 4] 3,000cc 583 & 7
g e A7 Azt Brbsste] thekdt Az wel 4y J5E SRS
o] Utk wehA FFol= AEBZE A Tt 2ol diste SR AY 3A5E %
Bt} A3 A} g)4o] 75 Ao7 Ahdn) Yol AEBY AF ¥ B3 n FE
£5o| FAA4 2 AIDA 9} HgASATHA L] TR Fol ASE AMEATH A&FYA BFAIL
Bo3Ago] #8457} 8 Ao godn
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