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213005 v Eefste] 7AE = Qv

FHEH10) =, 2ol A= o

o e =3
= = - =2 -
A9l (far-infrared; FIR)E o] &3] & AI4& 5 4 ot

T 2% ¥ e dar]de] wE ozt FAA Y A HE AIAES 9% HF
Zhe2H(10) 7F X = il

£ ozt FAoA Y] HA B

A FEH10)E o8 F 9 LS
AR GA S o] &3 adHoR (s HAEL F At

GorNE 99 RyAE #AdE 5

7 E =, B4 = omy
B RIYPAE HEsa, AFE RV 98 RIARIA] ARE Fddts FHL2A, 5 E 45 FF5H

BE ZAAB0) =, A AA(20)0A4 917 ExE ddyd, FRE AT F Q. =, Hd mgArr u
Bt es &ARpNAl AEsAl 2el7] f1d FHoRA, A, 4, 44 AS5S ol&d FRE 24T
T UG

=32 & 2ol ddA g nhE ofgt @4l A BE AAES A% oY B HE Ayl 25
S =G =dolty. = 3o =AlE uke} o], & o] iAol wE ozt S o] At B Al
e A% A n3x HE By, B384 A= AEsks @A(S100), Ao I ks agste] 7)E
AE AR BAIS200), A7 84 WHE FE6hs @A(S300) B AF RAAE ddsts GA(S4000E F
gHeto] FAE & .

S 4% B o3ge AAde] mE ok BFAAY $AA nE A2 9% AF HAA 4E A=A,

4 A (2000 AT FAL BAF Swelth, % 40] EAIF uhsl go], X wye] dAAde] WE of

7 BRI e nE A2EE AT AW B AF FAE, B AF BEQ00), 712N 2Y B
S ¥33) o

A S10091 4 +=, ZhlEH(10) 258 FgE= @ Gl ko], AAL™ W&
area)S AAsta, R Ad=E5 HAESE 5 den, @A 51002 By A

ATk, ofstell M=, = 55 FrEste] WA S1009] AlF-Z 1l S5l thalo] s

EE (100 ol A=d

2 B gl oJH(searching
ey
At ES s},

=
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&= 5u ¥ 2ol dAAfdel mE ofgk FolM ] A BE AlAHe A A4F B34 HE A, ¢
A S1009] AlF-ARl E5E E=AF myelth. = 5ol mAlE upel gho], o] AdidAfdo] whE ozt &
M el M B AAEE H = o
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9 WE R RAA B gL AYsHa
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A S10e AL AEF0)) sl AW F Ak % 5ol mAE kg gol, B S110& H$ AAAYL
Agetel nAA AFE AT AAYY HEE Ao DA, FAFI0 Y BAHE FAozie
BAR B o Agehs wA(S1I2) 2 44 A G Gl 2ALY wES ol g Fu uAg

% d »y
A5 HEshs AL E £3ste] +3d 5 v

A S A=, 48 iﬂ]"e‘a‘(adaptive scaling) < A-83lo] RgPA HES g 2ALG H&S 24T F
Fom, TA Sl 2ALFF(11Dd 98 Agd 5 doh. AHS 2AYHL, omH X~
scaling)®] optical levelS ZAAsle] AA=E 4 tt.

L 62 2 0o dAA e wE ot oMol A BHE A2HE A 8 BAx HdE P 2 A=
el A, ZAgle] e B3zl A7E EAE EdHolnt. AEak F3 A E2YJEE A4S AT BIAE A
a3 W7] 9 g e S AREEoF ake, E 6 Z=AE uhkel o], Ak kel thFdt A7) AL
EAlgtt, webd Bz AES A 4Y S oS vER AAYEE A 7 AU GAFelA 1E
A5 gAskE gaglFe] HeskA R, ojlgh WS we AYAE 8%, AT BEya HE A2H
S TS 9% A F83 arE ANAEY Hysn EAolug A v &(computational cost)g FolE
Aol wjg- Fasict.

sk Bazte]l Hul A7k HA AV|E AR AAsta, %
GAre] ~AAH 1SS ZAH3HA HW(Hough Window Map)S A&}

welA] @A Sl A=, HE 7HE
A :
FA AES AT G ALY vES 2ATeEA, F5F By

el M FHa A7]M H=7]7b

g 2AUY FuelEe 483

o T =

H
A ud A%s A8 @ 4 ek

W7 S112e4, FhEH10)2RE B Jgo=RE uga B Jus Age &
g mAR11)el o ALE 4 Avk.  wA SlzelAE, Ahie10)dlA 2w

T 9 A=

(perspective view)Z aL#dte], #4 49 (region-of-interest; ROS AR = Jdvt. =, LI A=S

g B4 ROI AAL AA"E 7HEh(10) 98-S Este] ATl oo A o EAlske Gl disiA

v Rz A AdE9E AYsH HER, 349 YRAEE VTR & 64 ZAIE ukeh o], AAFL olulel

A F9S ROI Foeoz AT 5 vk, F3, 4 G YoM E, AL nlgel wE} mexp g o
©

~

o (searching area Aoz, Ho A&sHA RaxE A& 5 ).
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39,
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N?‘ﬂoq

2 Iy A=, KMU(Keimyung University) HlolE] A& o]83] = 69 (a)o] ZEAlE nle} o] 7huet(10) 99
A 7F Smi-El 30m7FA] 5m (FAC R "oz Qle Rl diste], Hazte] Hd Ar|e HA AV|E AAIA
b skl Al e i 2] 174em, oA 160em)S Eldte], 167mES H AFo = HAeEH,
6403 A <480 A H7]9] olm| Aol A B AX$(bounding box of pedestrian)® I7)&= # 13 Zt},
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* 1
Distance (m) Size of bounding box
5 222x96
10 119x52
15 79x34
20 57x25
25 46x20
30 40x17

R AESE FEE 108X47¢ WA DY Aolzz Ho, wa B Aolxurt e wAd o
M= 1:2.7, 1:2.3, 1:1.9; 1:1.4, 1:1.0, 23 g Alo]z=rt} & B3R thaflx= 1:0.52] F 6719 ©]
A 2AYY dde] wEd 5 k.

S, £ 69 (b)ol =AE vhsl gol, AHE maAxe] o] utet waA B dole sl 248 5 9
o max Amgd AVl AAE AESW, A} waA Aleld ALw A2 F Utk

i

A S113ell M=, AAHE Bdxl G oA ~ALH HES o]&d FH HIPA A=SE HED 5 9
W, ©A S113& TR AEE(113) g8 Hg=E 5 Yrt. %741 S111 2 &4 S1120014 o
9D Bz g ggs ol g rR, &7 Sl13dAE Bk A& $R BigR dEes @%?‘& F .

A B3R AE Py 4 A
g A 10)E o83t
o, B3z H1Ee) A%wst Askd >
I = g Ao, (bl =A
Qb wekA B

3) I g
A S1109IM = FEeENEH FHE JdA9s FESkaL, olstdlA sl AW dA S120004 TR G
AsHozn HFAow Bz d=95 AEE F v

GA S12000 4=, $R OR3P P thsle] Haar-Like 5% 2 OCS-LBP(Oriented Center Symmetric Local
Binary Patterns) 54& F&3l1, A9 IFYP2E EF7|d H&se] ByPA YA=$-(bounding box of
pedestrian) & A= + Uk, @A S1202 A2 HAEH] 93] AYE & Aok, E 5o =A]E uvpe} Zol,
G 1208 R B AL=go tiste] Haar-Like 574 % 0CS-LBP 54L& FZst= 97(S121), 5%
Haar-like 54& 2719 d¥= FAE AS4 A9 xd2ES # 19 A P

7]

A E
ZYRE 77| HE3 o] 23 HES 53

HAES sk ©@AI(S122) 2 53 0CS-LBP E4 S #¥ 29 Ay ¥ E
HEH2 gz A=9-5 A& WdA(S123)E Egste] FdE 4 ).

A S1210)ME, TR BaA A% tiste] Haar-Like &4 2 0CS-LBP EAL %3 4 9lom ©
S1212 B4 FEH(12D)0) 98 A2= 4 dvk. o7]olA, Haar-like 532 AL A7 @5& 93 Ao
FHES 54 sjH& AL 4 3, 0CS-LBP 542 Ao 7]&7] Z7]|¢F Wks getsl 4= Q.

&= 8 ¥ el dAAfde] wE ofgk FAolM e At B *L*—%‘:l% A% 919
oA, B HES 9a oAl € Harr-like 5
A

574 Ble acteion, o)k 2 Haar-like 582
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3, OCS-LBP EAL 1A #HES 98] @o] A}8% = Center Symmetric Local Binary Pattern(CS-LBP)¢] ol
A9 Axet e ARE Fdste RS At B Al 5 e §Fo] Urk. FR AESE 4X
4 BE ogFo -Er% gk &, Z47be] MH BFoA sAY e 3| 2Ef A §A HEHE YA, shte] &
H A=A e 1282kd 9] SERHE AdE = 9

= AFs7] Yote], ASH AY E#|2=E(Cascade random forests;
2 oA = F le] dM(cascade level )2 A% CakRFE AME-SIGIEH, 31 BIA|
S AFgSFaL, T oA gel = 0CS-LBP A4S AFeE 4 ).

JN'
k)
=
in)

oA S12290 4=, FE3 Haar-like EAS 2719 #¥E= 74" A s ¥ ~E(Cascade random
forests; CaRF)<2] @ 19 99 EHYA2E EFy|d FLsl] 1z A=S & £ 9oy, gl BFE(122)7)

A 4 Qv

¥ FE Bz ol diste], FE3 0CS-LBP 5oz i 29 dd
& Sdll, A By de=f-E HEE S v @A s1232 a2

S A% A w3 AE Py 2 A
=l

=
goll A AH&H CaRFE =A% drg o] A A eel] whE ot FH7ol A
o] ¥R BE AxEs 99 93 BiA HE HJ”& 2 A &Fol A=, WA Haar-Like 5% #EE Abdel ¢
w8 2 19 A9 xU2E EF7]0 AEste] Bz $H Aee-ES 1A eR HIeta(s122), HEE 9=
Sl tHai ARt OCS-LBP 57 HE]E Abdel Skl w8 29 Y EH2E BR7lol A8t HFHQ wagx
il

Al S20000 M=, Aol Md whekS mwsle] 7]E 4 (reference line)S AAE 4= k. @A S2002 7]
A A7 BE200)0] o3 A" = .

AN

T 102 2 ol dAA o] wE ok A A B AAES 9% A Bzt @E I,
A $2009] ARACl 88 E=AIE =wolth, L 100 EAE upel o] B owkijo] A A A]do] wh
FANAMY A BE A~RS A% 93 wax AEF WY 9A S2002, AEe] AAMY 2H4HE o&
3 Hx 7Ieds AR 9AI(S210) B AbEe] 8 Wkl whEl vEAE WAAT = =

o

A S2100 M=, AFE(road)e] A A (boundary lines)¥ A% (vanishing point)S o83 Hx 7|&4
(initial reference lines)S A% 4= 9o, A S2102 7|4 AA4HE(210)o] o8] A€ 4 doh. ©
Al S2100 A=, A= B dolux7l fAkgk o mE SAE S5 Y8 e 71E4(virtual

reference lines)S AAE 4 vy, FH7iEde G, £ THAAE 1A Alok(driver's view)et &4
AE o] &3 7I&HdS AT 4 Auh. FHZE9 7] (initial reference line)< 52| A& o Ax=
FIR 7Fel2h(10) 258 42 MAHAFA (captured image) 2H-E] AA4E 4 Qo). 2=eo] AAML ROI WolA
simple Sobel edge detectorE o|&&l HAEE F Uir, AAANY HBA o8] (overlapping error)7} HA7 ¥+
SH VEAS VAR AT 5 .

T %

o)
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~ "L FIR camera

©)
An FIR camera mounted on a car roof for pedestrian detection: (a) image
capture scene geometry, (b) FIR camera installed on the front-roof of the
car, and (c¢) thermal image captured using the FIR camera from a 5 m
distance at night
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(a)
The size of a pedestrian based on the distance for determining the image
scaling level and search area: (a) the distance between the camera and the
pedestrian, and its bounding box, and (b) the search area according to the
bounding box size
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(a)

(®)

Segmentation results of a candidate pedestrian using an adaptive
dual-threshold method for images taken during the (a) spring and (b) summer
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Ten different types of Haar-like features for pedestrian detection
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: Vanishing point .+ Vanishing point
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0 0

Referencelines
i

Vanishing point

Referencelines

2014042

Change in vanishing point according to the turning direction of the
vehicle: (a) initial vanishing points and their reference lines, (b) change
in vanishing point with the references line when turning left, and (c)
change in vanishing point with the reference lines when turning right

y movement (pixel)

0 5
x movement (pixel)

Probability
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(c)

SPC detection features: (a) features for estimating the overlapping ratio,
(b) motion codes and motion scores for estimating the movement direction
ratio, and (c) motion magnitude for estimating the movement speed ratio
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Inverse overlapping
ratio
1- OR(i)

Pdecision(l) =T

Inverse movement

direction ratio
1- MD() > Z

Pdectsion(t) < T

Inverse movement speed
ratio

1- MS(i)

(a) (b) (c

SPC decision: (a) candidate pedestrian, (b) feature ratio extraction and
inverse ratio, (c) conditional probability estimation, and (d) the final
decision.
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