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Design of an Efficient VLSI Architecture for Collision Detection Based
on Insect's Visual Interneuron
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Abstract - In this research, the collision detection system based on insect's visual interneuron has been designed. The lobula
giant movement detector (LGMD) corresponds to the movement value that increases in direct collision process. If the collision
is detected by the LGMD only, it could generate a crash warning even in a non-collision situation, resulting in a lot of false
alarms. Directionally sensitive movement detectors (DSMD) are directionally sensitive algorithm based on the elementary
movement detectors (EMD) in four directions (up, down, left, and right). In this paper, we propose an efficient VLSI
architecture for a realtime collision detection system that is robust to the surrounding environment while improving accuracy.
The proposed architecture is synthesized with Dongbu Hightech 110nm standard cell library and shows 333MHz of maximum
operating frequency and requires 8400 gates with about 16.5KB of internal memories.

Key Words :

LA E

4z} ASd Ve oA nigh AbsAlol digh ol S7kst
Lt nig ASAE BN Vg & ohhe ARSAPE AaR
g Aolste AFEFd 7ol ol tigt SQt Y Ve
SEUA 7IE0ltl]. A Vee doiEolt Hdx)
RFSAZF UEIEE Ahso = ZAAlsiA AlsAE Helo]2E HiA
L mlsiAl ARLE B0 ®Asks 71E0Ith o2t S& &K

ro Ao k!

Al2EE FOIRRSAL 2RHA, dole ¢4 s tdtt 38 &
OpollAl ARE DL Ql=E], stedlolz dAlsH] fldide S &
Ael gt HAR A2] ofFR7F SQ5HA 1leE0jof BTt
CHFe Sag|Ey Sde 7Kl =X Ala"ol tigt B2
A7 ZREo] TH2-3]. Aok B2 AR LaelEEe Yl
StetAQl ZldolN S& 7Hsde Alteiltt2-4]. B2 S=¢

Al g5 EXY olsdle St Weko] Al AIF Al
A A HEHR] LLris JPES 836190}, Fuerstenbergs= 2
OIXNIE olgaty £Let 7KL E otdsh= EFTH P9(RONE
go)g Aot 11 oA F=g ARske dHe A QkekAITH
[2]. Kumar SO] AQtst WETA AlAEHE RSt HHALO

+  Corresponding Author Dept. of Information, Communi-
cation, and Electronic Engineering, The Catholic University
of Korea, Korea.

E-mail: parktg@catholic.ac.kr

*  Dept. of Information, Communication, and Electronic Engineering,
The Catholic University of Korea, Korea.

Received : August 24, 2018; Accepted : October 30, 2018

Intelligent vehicle, Collision detection, VLSI architecture, DSMD, LGMD

S=W OohLgt OISt S o SeItt3]. S0
o] dojut= Y oA AREH EX7E 7R AL
2 wEA FJ2g 49 =437 2Asitt

QoA AGet WHE, & 59 dgo] 1dE 4
s O EX7F ME (2 R0 5=
A0 & Gt £t L8 BERe] Fols
o]F0] Oofgri[4]. o] EME Rs] Qoo RHEX}
(trajectory)oll Thgh g0l ZASH FTAHE0] A HERATH
& Hdg 7Hog o 28 FEZMonte Carlo) €alg]
o|gsto] Ex9 TSt 84S Akletl 0|8 SAR S=
A s £ZEg EAct0g oz TIHECH4].

F2 HUFE0A LSTM(long short-term memory)S O] &¢t
Held(Deep learning) 7IHg EAQ sSHdoS0] FHESIACH
[6-6]. Strickland 52 AgFd EXH9 Z=d X0l thet
0] C-LSTM(convolutional LSTM) 7IHE & &%t oEHES A
OFSIACHB]. o] MIFolA multi-modal AHol thet ATt &
ZUel EgAEE Fdist 13 ¢ Y= JIHe FESCh
Park 52 HARICE S 0l= X FHAES 1H6o EA
2EUg oEg = s "Hold 7IHe AeetRIt6]. LSTM
QIFLIE ol&cto] 1A sS4 BAGSIYA LSTM HFHE O
5t0] njg] a4 oSsien, o] o tFHY £8 o 7t
T Aot 98 2dol7] {16t “beam search” 7lEg AHE
ST

HE7] S9 AEE2 159 AlZldysg Soto] E85HA
EXQ0 =58 ZA Gt HidsHH, o]= LGMD(obula giant
2gote AI8AIES] 7o) AT

A s
[0 o

Lol

0z 0z

=
=

7

il

> 4o
N
o

ot ofy —

ro ro

oy
Mo o oft oM A o

ro

i

movement detector)

Copyright © The Korean Institute of Electrical Engineers 1671
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Hoetsl=2X 673 125 20184 12¥

[7]. LGMD =&1& EXI7} F4otA 7IYAH Auto]H(spike)
ASE dEStoZN] FEE oS50t SHAIM LGMD RS
7RO g ot BEAAl AIAHE FE0] diTEE IRE
AolA ¥ oflgt 50| WA Z= FOZ Olschs EA
of AR0ME SEg gule Auo|3E g 4 ot oet
Al LGMDE 7|HIO& sh= AlAHO EX|9 ols Bigkdol of
st AHE AlZck= DSMD(directionally sensitive movement
detector) FHE F7I6 & ¢ A4 Q= olF0] Jhssitt
[8].

) SEEA0] thigh Tharst St=glol A AFE0] JAAT

(=)

[9-11]. Cuadri 52 259 AZHIZAYE o|88t LidlEs
VLSI 22 tigsto] AT me] #X%Q olnss 46K
CHOJ. Chet FAIEQL S0l thsh &QF glo] FAEQL 4=EojA]
o] oz AStEQrt T8t HA] O|FE HIECR St stojH
ZlE TiHe H8dto] AsA 2RO ESTR AIAHO0|

FPGAZ FHEQICH10]. Linan-Cembrano 52 A& AlAf, &
= AZEE 7o Sk= full-custom M4 {UlI 0]E Ao
s TAE Z2AMA &8 SoC(System-on-chip) 712 A
st AlAES Jfdslo] AbEAto] A8SH ARIE SRt 11].
2 =F0Ae dedo] 4st 259 AlZ AdEe VHeg
St LGMDQt DSMD €11E|&E §84¢1 VLSI st=do] 12
AASIACE AerE AlAEE E 4S9 R RESS Aofs
Aol e S dAole £ o BE, A 2599
EYS QABI= LGMD 2E, Z 4719 WekAl ezl Be
EZg ooty EE54X 9 AEEE %0+ DSMD EEZ
TAEOQL) Y EEoAe AiWEAAY FAFAS Fa
St 5t B3t HOJEZE AdE = QA AE d7te 48 st
E dAsIE ZAOKS MAKEE 1dsto] AASIR oM
Aoged ALte ge84de flaiil ALt Tl stas 3x3 dHE
Z AZsIIE Eot 3129 BREE UEY] Qo 54 3 L
M2 7hsst FIZE dikg ol8aiA Felste] StE] Qe

il

20

Adstal, 3goke Mekshs stEdol 72
5 gelth 480l LanlE 48
Aeret stedlo] 229 shdduE #AI6Hl 5eoke 28

=Tt

lo e

AZAME7}E QR Ao RSt &
lolehe wFEg olgsiA SES EXTT £

22 Zkz7F LGMDIt DSMDO|T}. Est 2E9|
Aol staxy 27 HigZ Fguo] Tt ek
= LGMDE} DSMD F#9] &g 7|Hog of= ¢
g3lo] gA9] si4 ghe ATleiA Aol S& UK
2Hg G751

LGMDE sHHoA 2] &8s sty EA7E wEA

0ok B e
b - i
oy od

o X
Qﬂ
rr
4
r_L;

=

> i i g o% o
i
Ao
2
o

1672

gxlolw 1 2x9o] £ ol M 9ES SAYOR DU
O} ShRIE EE6hA 23 ALbe BAE 2 goR Busis
o] Gk olF WSk s DSMDREE OlZSH). DSMD
ESo= SXQ0K ALPls S0 BESIA LGMDE)

SEUAVE KoK RE6HA 2| HHeh=s ogls Sith
2.1 LGMD(lobula giant movement detector)

I8 12 LGMDY s2PHEg UERICE LGMDE EX19 =
AQ EHE wWHole ACEMN, S 719 719 MSIEE U
Elf= P-Layer(Photoreceptors layer), FH 2ol hAsH]
Qs AYZEHZ(LPF, lowpass filteringe 48sh= I-layer
(Inhibition layer), 229 S UERH:E  S-layer(Summing
layen7HtA] & 37091 502 FMGEr) S-Layer gtg 4% @
£ LGMD Zigo] Itk olE o]&dliAl LGMD gto] AXH =
A7F 7RI & 4= Qa1 o "Rl & 4= Utk

-

I8 1 LGMDO] =3} /g
Fig. 1 Conceptual structure of LGMD

P-layer= & +8x A9l g Fo=H oF 2ka0) dxf B
71 golA A E719) gls W grol AtR|olTh mhEbA 4
(DolALt Zo] oF Sh40lAC] 8] Hete g LIEEFHTE

P(t) =|L;;(t) — L;;(t—1)] o)

[-layere= P-layer®] gte WOtk ofg st 4 &30 of

Aat7] flal 3x3 RAdEge AT
I,(t) =(025P,(t—1) + P,(t)) ®K,

K, =1/9x1_[3x3] @

S-layer= BAQU9 Fe &t HOE Olg F&&HA LGMD
o] Aiigke ALl olZl2 S8 OJRE HHdl=H AFSHrL
TSh S-layer 2 DSMDolA] Webds ©Rlol=E 20l
EMD(Element Movement Detector)E FA8H=U%T O]&FC}.

S.(t) =P,

ij ij

(t) —2L,(t—1) ®

2.2 DSMD(directionally sensitive movement detector)

cF

fud

el
1]

249 24

d

DSMDE LGMD9] dijfto=z

rr

o A
T —F'g)]\



Q% (false alarm) S HAsH 4= T} olg E0], AFSAPL
A< LGMDe £50| ofdol: Estal 27

Yoz mm
Qo] grol B7ksy] iR £E2 BUSHA ®©rh DSMDE U
Hero] S¢S wrstozy olEet ARE Hee 4

L]
]
e
io
13

EMD(t) EMD(t-1)

I8 2 DSMDe] s2} 7ilg
Fig. 2 Conceptual structure of DSMD

I8 2= A BHOIA S-layer ge LET VR Lk

EMD %S A9 gl o skad mjlge EdiA F4sith
150x100 kAo gats 71FEoz & o, X9 Hekde T
371 QIet A™gt 97101 10x10 SHAE FolA EE ez 2
ASic) oHoF A 3717F AZXICHH EMDO] T st4 37|% HI
eiAl AZ 4= UCE 28 291 Zo] EMD & 220l WE)]

EMD(1)Q} HHfl @18fo] EMD(t-1)8 stadz mjgstol Fot 3t
g 8¢ grol 1 ©ekol DSMDLt. EX9 Hetde s &% G
o] e & Zh(&t ol &t ETE Agox Aotoz E}E}Ul
B ZE AFokE 8h) o8 FR, 0| ofd 1 W5k
exoos WS}, 7)1 oehg gk 0|3to]HA] LGMD %t
o] Agk(threshold) OlAY wf E=2 ZAISITH

3. Aergt 32

32 Aot E5 UA AIAE JAH FRE =AY &
ANl E}O}L LGMD, EA9] Wekd e ¥hsh= DSMD,
LGMD ZE9| £29Q SUM g DSMD EE0JA AMESH] ¢
3 AAEASt= WEZ] S-mem, I EE OBHE mithel:=
Decision Block@ZE F+&%0] QAT

AEE 379 AHOoERH 3719 1x3 34 HRIZE LGMDO|
Ay oA WSt P-, I-, S-layer A4S ZAFHH |
£ S-layer @t ¥A3H LGMD %2 LGMD_regol A&ELE 0]
o PHEOIA S-layer #tE & YRE DSMD ALt E HQ5)
o] S-memo YAl AFETE DSMD MAIFEES HAko] EY0]
Sigoh= FAolAfet E@E_E} 150x100 G&& 71802 & ),
A5t 2AYs #EskeE V_MD(vertical movement detector)
9] B9 QY9 =2 *011 SElE 719004 80E7HA], &9
SAYe #Hsk= H_MD(horizontal movement detector)®] 24
o= IEVHKZ 520 ta8t= 35a80A 4437HX 014 7

o Azt aldE 7|8 LA 7ls2 58X VLS| 7x MA

Trans. KIEE. Vol. 67, No. 12, DEC, 2018

Image(t-2) Image(t-1) Image(t)

P-layer

S-mem Ly V_MD
I-layer ;

S-layer Decision Block

LGMD i DSMD
collision

a8 3 AR AlAE 72
Fig. 3 Overall system structure

e AE o2 LGMD EE0A] Hoj7l S2Qo] £ Fhat
DSMD HEojA A4td ul dEo] sigstes dte 6ol
Decision BlockollA] £=& o]&Eaic}

3.1 LGMD

a9 4= LGMD EE9 AR F32& HEH A=E 89
gt St4ofA9] BY] Mt E UEh= P-layer?t AQ)= &
© 3x3 AYEHES Zdlsk= I-layer 12|01 4307 A9
% A Fe Aelske S-layer2 78] T gE I
oA g LGMDZE S017HH 3719 layerE Sdll 2219 @
ek SUMO] WHEOJZITE SUME F&5iAl LGMD %10l
H=H LGMD e 2A199] E2OF Decision BlockOA] E&
AAsH=E AFEELE SUMO] U= S-memi}t DSMD ZE

mo ﬂllO \_O rﬂ _0 rﬂ

Image(t-2) Image(t-1) Image(t)
Prig "@‘— Peyy ’@‘— Py
Putg |a-b Piaj |a-b] Pt

‘ P, (1) ” P (1) || PL(t-1) | l Py | Pyt

P-layer

AN 1

| C_reg l‘—{ B_reg H Areg I

>
5 lu(t)
-
I LGMD,

LGMD SUM; (1)

I-layer

S-layer

_reg

9 4 LGMD &
Fig. 4 LGMD structure

1673



Hoetsl=2X 673 125 20184 12¥

oAl Sxiet 1bAS] EMD Fte st iy oh=d| AMSELL

AHE i G99 1x33k4E 9 BY] WHStees AL o]
A_regOll AAE O]Fo] ALte|o] XEE B_reg, C_regd He
Boto] 3x3 HIOJEIS] F§H0] AAtEL) 2 AFolAE Hitgt
Fah7] Qo] QEE FTE 3(>>3)0F RFFom o)
St QA= ulEtHE HE0E EEUXo BRGES A5
T} AAME 22 Al (3)Q] S-layer AAtOIAl 1A I-layer O]
LR35 fiRol I-memo] KAECE

42 o o

3.2 S-mem

S-meme 7|54+ S1500, S1000, S100, S1I09F F2& 5= QL
o LGMD BE9 &8 19l SUMZHS DSMDOA AAFESH |
3l FQet mrg] REOLE H.MDOA AlgHE uiRils
S15003F S100]th S15002 POl =04l 35804 448 A}
o191 1500719 21 Fte AFot] st MEeth s 2 &
0l 3t4rt Agdol wel wirg e Als AXELh s102
H_MDQ| Q% SFYg Aie mj A7) Mo fgst ge
AEEE7] et MEEolth V_MDOl AFgEE HWEEE S1000
I} $1000]31 A H MDEF SAKSITE $10002 7104 80
AOIQ1 1000709] gre AIASHE H_MDQ} THEA S100€ V_MD
o] oliE 2RAEe ALk o AAw7] Ho| K& e AE
3l7] gt W

3.3 DSMD

DSMD EES LGMD EE9 &4t SUMM®ET S-memol
AFs = SUMGt-Dgte olgsl TEErt DSMD HEe 47
Hskde Sitksial Himsks VMDY 48 dekde s
Hulsks H.MDE FHd5o] Utk V_MDeH H MDY &&= &
AFSHAIEE Sh40] [l diskol] w2 xlo|Fo] dhalsitt.

S1000 4p,t—1) SuUM,;(t)

S100-10,(1-1)

Decision

¥ 5 V-MD #&
Fig. 5 V-MD structure

S 47 VMDY siE g9 A%, LGMD EEolA] Lt
£ SUM,(OREE S1000x% S1000] AI&STICE Al SUM(D #
I HEZol AFEAUYE SUMi-10;(t-DIF SUMp;(t-1)E 24

HHOEA 2} I glo] WSRO gEe wAT §tol
7 Weo] DsMprt. HA9] YIE e ViedgolHg 4

Ashe X9 A9 disto] st A%, 11 ThS EMDZHA
1080] RLPZIokSHER T SUM 2 S1000] A& E ook st

oA St HMDY g9 E<9, LGMD HEOA L
SUM;;(DZES S15003 S1001 AFECE SAlo SUM;;(HEH M
zelo] RAEIQE SUM-10t-1DT SUMet-1)8 22 gt
oz 2zt ey Fro] WEOANH 1 gES AT o] 1
dIsko] DSMDCE H_MDO] Zgdibge o] Zgdiskl Z2on
Z 11 T EMDZIA] 108k47 AUPZHoRHEE SUMES S100]
A& ojor STt

Decision Block2 LGMD®} DSMDQ| Zil e o|&slo =
=2 AXske 880tk 2 dFdAe tgst T2yie 24
sto] ZEELAIE Qo TenEE Adsigion KAt ee 4
Zoll A AT

4, 4584

-

2 dFoAE tigst T2YAe BAsle] SEdRE Qs
LGMD®} DSMDO QAZE 1000022 AASIQC:. J2ld
DSMDO| = &gy & ot sk glo] Bt wisk ghHC) ghi o]
AU 42, 580 ofd AWwie SRYoR AR SAl
LGMDOA] ZAE F50] ofLgtal #ekshAl €tk I2]al R0
7F AEHQl niEtnEQl 8H olshHAl YAIGt oMY AR F=
olz} TS},

ZES ARG 5= Decision Z+& LGMDOIA GAE o014}
58g Rojsitt DSMDO| A% UAA olAolal, 485t
FO] o] 8Hi Ol RIOIUA] ¥ EF 82 3F, +F
Mg HoJsith 11 olge Y94 =717} 150x1000122 45
Hr} zpeo 4RV O Bol, S=0 g8 HXle EXY &
Zole AurFlog Adl Hibe A2 20l 297 27 o
ZOITE MISE Al 7 Gakol Aol go] 167 oMY AR &
Zolgtal #usitt 2y LGMD7F QAR o] AR |ZHE DSMD
7t a4Soh= WEF] Fto] 8uff ol4k Xto] & F< LGMD 8t 0
Fog AeErt I ojfe AU IAU DSMDOA ALzt
= gyog wsty] miEoltt.

0z o Of
oy 4o M

ro rir re
0

Sy
2L,

I8 6 5= YA, 5, 9, 13HA] ZTHQ)
Fig. 6 Collision video sample (1, 5, 9, 13 frame)



g 20008 Threshold
— e

1 2 3 4 5 6 7 8 9 10 11 12 13
=Y =
I8 7 35 94 LGMD %
Fig. 7 LGMD value for the collision

150000
120000

% 90000

% 60000
30000 Threshold

0
1 2 3 4 5 & 2 3 i1g 11 12 13
gl

——UP —m—DOWN —a— LEFT —«—RKSHT
I3 8 &= &4 DSMD #t
Fig. 8 DSMD value for the collision

I3 9 AUZke 9ak, 5, 9, 13HA T Q)
Fig. 9 Passing video (1, 5, 9, 13 frame)

I8 10 AMd B& GAKO, 11, 13, 158K =)
Fig. 10 Diagonal Collision video sample(9, 11, 13, 15 frame)

I8 62 S=ohe G4 MEg HoELhL I8l 18 711 8
712} siggatol tigt LGMDS} DSMDO] ¥gtE=Z LJERHCE
E i B4 23 79 79 RE T QoA LGMDE YAE
H7] R0 F&st 2oz WSt DSMDE] 29 9HA)
zQ oK E AAEE YAl Eotal 7] Wi 0de %

oo o rlo

259 Azt AdFY 7|8t LR Vg2 58X VLSl xE MA

Trans. KIEE. Vol. 67, No. 12, DEC, 2018

25000
20000

73 15000
= Threshold M
5 10000

o

1 2 3 4 5 6 7 8 9 1017112 1314 15 16 17

e =
I8 11 AW = 94 LGMD &t
Fig. 11 LGMD value for the diagonal collision

o e T = i EO MR
1 23 45 6 7 8 910171121314131617

meg) 5

——UP —m— DOWMN —a— LEFT ~— RIGHT
J" 12 AW = F4 DSMD #t
Fig. 12 DSMD value for the diagonal collision

50000
40000
% 30000
g 20000
10000
Threshold —

v}
1 2 3 4 5 & 7 8 9 10 11 12 13

g =
I8 13 At d4 LGMD gt
Fig. 13 LGMD value for the passing

250000
200000
150000
100000 et

50000 Threshold
0

oswo @

1 2 3 4 5 &6 7 8 9 10711 12 13
—UP —I—DOWEME.‘E:E—LEFI' s RIGHT
O8 14 A= 94 DSMD 3t
Fig. 14 DSMD value for the passing

=0k J2uh 9HR) ZdojAl= Up g2 140,0000131 Down
Zre 400000122 JAEE |l syt EX 21 7] wiEo)
EEZ SHIZA et Zlg & = Qrh

O8] 9 9o A= g4 MEg HolEr g4 B4
ik O™ 10004 12, 13=HYe AQst RE Yol
LGMDS] AL AlMZ SEoHA ZAEE YARE "ozl 9o
bE {g¢ Zlog st SRl J8 119 DSMDO| 2
497 ZHAS RSt Left ZHHCH Right ZHol 8Hf ol&k xt
0] UEZ LGMD 2 0Foz AoEi, £E0] ol Q=
ek 2xQlolgtal TSt

O 12 AKOZ tel SEchE g4 ME8 HolETh
G4 B4 A1 I8 13004 98 =@l 0]S0jAl LGMD Fol
AAEE o7l JoHg {58 AC0R ko) 18 149

DSMD9] d<ole A = olx dAR-E YA Kokl JART
Upat Down %k, Left@ Right 3ol 8Hi7F WAl &1 V] W&
1675



s

stsl=gX 67 125 2018 12¢

o] 71 w9 LGMD Zhol we} £2=2 2HlEA mtel A4S o
S QUth o] wl LGMDSH DSMD gE0] Ze olfE AE 94

o A=A} £L7F ATiEoR W) fRoz MZHECH

H =HojA Aot 25 K AIAEE verilogHDLE A A5}
O] HEoIAL, SynopsysE AMESH0] HASHAIALE AlQtst A=
SEololE 110nm #FEA ZfolEfR]2 st AuE 840071
o] AClEE HQZE s R HolHE MY I-mem OF
14KB, S-meme 9F 25KB AL HQSH} U SAFikees
333MHzEZ VGA(640x480) 71 <F 1085fpsE& HOIETEH Welbkl
g% o & g4e UEAU AegFds sl tE Alngs
Yol S8 Mg HOEL. S54A gaglEo| tist
VLSI AA AR o 2 A7e Hlwg 4= Q= A7t glo] 4
TEQ Fstlurt OE@AT &5 AeFd AFSAte] HAIRE Al
28 750l 7|0jE 4= g ZHOE Jtisit.

44 8
B =Rolde 2B A% 4ZBE 08F RY BE U
NeHE SEOR MASITL BAol 82y S¥e B
LGMDS} WEHg Btsi= DSMDE Zflslol E5oie 2
79 ALVlE B8 Ted] UAES won o 2
o s=glo} TxR vl AAGACh 98 Audld B W
of Mz 3K Aelslol 33 ACWEY 7HE Solahl o

A FAN LS S FZE QAR XSS ol
d5H= olgE Egold] TR E Hodd e Soto] 285t
Qck *a-,okon it DSMD AatolAl Z+2ke] HolE QlEL0
Z g AEshy] Q8 2t AE I AAEY
-E—/ﬁ,é}O:] %}% F|4slelAnt. Aerst FxE SEalolE
110nm EFA ZPOIEFZIE AL 6}01 SHst A= 8400719
AOIEZ} oshH U BAFIE 333MHzZE VGA(640x480)
71& <F 1085fpsS HOIEL}

A =
2 d7e 20189% ZHEEistu wHIATHISl XEe
z2 O]-Eroixﬂg
ARES 2 AFE Qsto] A7 AZEYOE AScto
% IDEC(C Design Education Center)oll ZIAFEZICY,

References

[1] T. Gandhi and M. M. Trivedi, “Pedestrian protection
systems: Issues, survey, and challenges’, /EEE Trans.
on Intell. Trans. Syst., vol. 8, no. 3, pp. 413-430, 2007.

[2] K. C. Fuerstenberg, “Pedestrian protection using laser-
scanners’, /[EEE Intell Trans. Syst. Conf, pp. 437-442,
2005.

1676

[3] P. Kumar, S. Ranganath, H. Weimin, and K. Sengupta,
“Framework for real-time behavior interpretation from
traffic video”, [EEE Trans. Intell Trans. Syst, vol. 6,
no. 1, pp. 43-53, 2005.

[4] Y. Abramson and B. Steux, “Hardware-friendly pedestrian
detection and impact prediction”, /EEE Intell Veh Symp.
Conf., pp. 590 - 595, 2004.

[6] M. Stricklandl, G. Fainekosl, and H. Amor, “Deep
predictive models for collision risk assessment in
autonomous driving”, /EEE Int Conf on Robotics and
Automation, 2018.

[6] S. H. Park, B. Kim, C. M. Kang, C. C. Chung, and J.
W. Choi, “Sequence-to-sequence prediction of vehicle
trajectory via LSTM encoder-decoder Architecture”,
[EEE Intell. Vehicles Symposium, 2018.

[7] F. Rind and P. Simmons, “Seeing what is coming:
building collision sensitive ons”, Trends Neurosci. vol. 22
pp. 215-220, 1999.

[8] R. Stafford, R. D. Santer, F. C. Rind, “A bio-inspired
visual collision detection mechanism for cars: Combining
insect inspired neurons to create a robust system”,
BioSystems, vol. 87, pp. 164-171, 2006.

[9] J. Cuadri, G. Linana, R. Stafford, M. Keila, and E. Roca,
“A bioinspired collision detection algorithm for VLSI
implementation”, Bioengineered and Bioinspired Systems
11 vol. 5839, 2005.

[10] H. Liang, T. Morie, Y. Suzuki, K. Nakada, T. Miki, and
H. Hayashi, “An FPGA-based collision warning system
using hybrid approach”, JEEE Int. Conf. on Hybrid Intell,
Systems, pp. 30-35, 2007.

[11] G. Linan-Cembrano, L. Carranza, C. Rind, A. Zarandy,
M. Soininen, and A. Rodriguez-Vazquez, “Insect-vision
inspired collision warning vision processor for auto-
mobiles”, /EEE Circuits and Systems Magazine, vol. 8 no.
2, pp. 6-24, 2008.

A A oa

A 4 & (Sooyong Jeong)
Y= =) 20199 ZhEEitishy JHESAUERSEH &

N

.
= Hdold. TaEOok= TR, TIREAISE A

dih




i

0] A1 & (Jaehyeon Lee)
2019¢1 7hE=itietal AR SATARSSHR
Hold. IAEoR= v, TREAIAE A
A &

i

ok

g 2 (Deokyong Song)
20199 7IEgtisty AR EARAISEE
Holld., IAEOoR= v, TREAIAE A
A &

fup

t

vt B} 2 (Taegeun Park)

1985 QAthstal AASSt 9, 1993
W Syracuse Univ. ZAFE ZSHAAL/EAL
EH, 19944~19988 SR System 1C
A4, AJATH, X HEFUign F
HEATRRZSHE 1l

Bt EEUX 7ls2 58X VLSl = M

Trans. KIEE. Vol. 67, No. 12, DEC, 2018

1677



