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(57) Abstract: The present invention relates to a method for generating an
‘ a2s 8 48 [/\JS“’ i f the view around a vehicle, which involves estimating a polygon co-

image of the view around a vehicle, which involves es g a polygon co
i ordinate in a distortion image obtained through a wide-angle camera and

' LEIS HESl A ARG R IE AR |50 polygon-mapping the estimated polygon coordinate into a standard image.
] To this end, the method for generating an image of the view around a vehicle
' I HEZ 48 2 IIE qus | 5% according to the present invention involves correcting the radial distortion of
S S f't 28 43 an image obtained from a plurality of wide-angle cameras in order to gener-
NS e mea man a0 ate a view image, and comprises the steps of: setting a standard coordinate
i i3S a8 S %\" value with respect to each intersection point of a standard grid pattern and
b generating a standard image divided by a plurality of standard polygons hav-
{ HA 25 el o BE }/\/m ing standard vertices (A', B', C') with respect to a grid pattern image; captur-
3 ing a checkerboard pattern using a plurality of wide-angle cameras to obtain
l EY Y Y =E &M 4 }«\f’ﬁ" each distortion image; detecting the edge of the checkerboard pattern in each
T distortion image; estimating a plurality of correction points by using bright-
‘ B }/\/570 ness distribution change amounts in a vertical direction and in a parallel dir-
I ection during line tracking along the detected edge area, and selecting a cor-
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810 Generate a grid pattern

820 Set a standard coordinate value with respect to each intersection point
of the grid pattern

830 Set a standard coordinate value and set a standard image with a

ity of divided

840 Obtain a distortion image by capturing a checkerboard pattern

§50 Detect the edge of the checkerboard pattern

§60 Estimate a correction point and set a correction order

§70 Divide a distortion image into a plurality of distortion polygons

§80 Map the distortion p into p according to the

correction order

S90 Generate an image of the view around a vehicle by combininga _

plurality of correction images with a vehicle plane image

rection order for the estimated correction points; dividing each distortion im-
age into a plurality of distortion polygons having correction vertices (A, B,
C); mapping each pixel coordinate of the distortion image onto a standard
coordinate in order to make a distortion polygon correspond to a standard
polygon according to the correction order in order to obtain each correction
image; and generating an image of the view around a vehicle by combining
each correction image with a vehicle plane image.

(57) 8.A:

[Che = A%



A 71l

T

=9 44
20133 39 28¢

20133 149 17¢

2
=

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).
A ZALE A 9 FA (Z9F A 21 F(3))

2013 39 28 Y A} FA Hzx

(15) BARAZ B¢ AR,

F0:
> (88) FARALRIA FAY:

>

= Z= =
EE 79

1

ks)
pa

[+

.

7

&,

T

Fol): ARIPO (BW, GH, GM

51

WO 2012/161431 A9 WAL 00 TN A

HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KZ, LA,
LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK,
MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

84 ART (2=

A 7F 8
‘?4

=

=

i
o

W Hee B
KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, UG
ZM, ZW), &2} Al o} (AM, AZ, BY, KG, KZ, RU, TJ, (48) ¥ AAH F/N<L:

T™), =¥ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

oy
A

o] e B R o R N

NPT Br B T RET ooy
ﬂﬂ@%g%@g%%
oo i T o) 0
gfaﬂ7ﬂﬁu 0| o T
=0 O ol e 7‘m4C; )
SenToslaly
L L
A2 TR T8 Ny o

W s D] R0 B o 0 mr R
A %%%ﬂ%%%o_o#
H.t ~ TR0 KO s
™ a,mWﬂﬂ NN e
@@ﬂﬂ%%%iﬂ%
%%ﬁzﬂWW@%é
St el
%0 . ﬂﬂE & q_Afﬂﬁ
_zfmozﬂw%ﬂu%ﬂoﬂﬂﬁ
ey B E e
ﬂﬂabﬂﬁeaiﬂﬂlﬁlbﬂ
B X on o 19T T W oy
R H0 s =0 ™ MR

S o oM
Emumﬂﬁn_%uwmﬂoﬂiﬁa
T30 KON %00 201 T |
MY o BONH BB 1 AT T

< = e |
o 2o N NRHT (- R o
ﬂ_eroE_.ﬂﬁﬂﬂ_oW qoﬂloﬂl

<0 ar RO X0
gL TR T B L
ﬂoHWHWﬂeﬂ,MOEEAI%oE
oy e TR
ﬂ_owot X

,m.%ﬂ o#h s
M 2 TN W
TN S Hm )
I o s @ W o 1T 7
W o T T 0
S F N I — iy B0 =0
o ‘Nﬂ ‘I,AOA qLOE‘W/‘ ~
ol T E o
W el T8GR RO RE ) T %0
ME%:%%%@EE%
Ty IR o W e
™ o BA R A - —

Eo¥o7l Zlow_ﬂﬁ,lﬂlsz
R P N AT RO R g
R X0 W A A o
P TR E T T
,mo_iaﬁroﬂ B,Nrooiﬂvlgﬂ%dl
=T o < W - oL

T O TV E RO T
) %0 T 70 R oy B0 N HT BT 0T



PCT/KR2012/003482

WO 2012/161431

ol 1__/|1r mrtOt
o WO <0 7T Y
0 N = < % »
X mﬁ N = g B %o Ao
R Pg TRI K DX
™ %o T NI R OT g ;e B
Ea,m.o Eon.:WzT ﬂwo,wé% WQH 5w o
! H;H I JL o Lf 1__/| f . tl Y 1% E%
0 - — T L‘Ul A ;
b o RM L W SR )
o S AR = coh R R
= i = o ~ X .
sy FL® @ o Voo R 3 W
BT Bhg vV G3 SR
7O <l owihA owo B _U N LT
i ToT o p¥E ExE voh A
ol P M ﬂ%ﬁ y s 6 ®
R Gall o = ol = P Voo toy
B oy oy Cm o T gy S
o < o ) ®e L4 Nl
(e THEw mTw @rﬂ% S e E
m ey o T o A N M X° T 0 " U O o ~
T Bt T 0 Hg o O
o aw m M qudo o .
o oy < — X Voot 7o A
I W XEEFT FTLW T o PR S S
W N A . Y
< TER DRIV o LR SIS
¥ L mpxPATYMRATCOE o L+ 4ot F
Hr <o 7T i Pﬂooﬁjl 20— N oOoR 2
< W mﬂmﬂ%ﬂxo, Em_.wa] +F o w0 %O
TP mgumEm PUBEED OV o Y
O Al I R L T RS I
ﬂ%7_#OLAE%EO7H§.Q7_|MQE@ o+ o+o TG %O
pr ol o .IﬂL.oﬂoE ﬂ#_owhmﬁmmyl mﬂ_AI,Q 0 _ ao bo ~ U 8 e ot Bo
el ™ o _mﬁ BR o X W N A O R T~ I B 1
TR T m oM T EFE R Ly N oa L L
R - = B ey 1
_ _ I o8& T
) ) = N S e Rl e e Rl

1

9
T

At

o

T

=

j

Akt gzt
#k

hyA
AT

o] =

o] =

=

basel 5

=
=
3|
T

RS
1A Ao szt

= o

aL

o=

.

-

9
T

A=

o] Aol

°©

}-

o

Stolof
A

=
=

e, T e - ol F

Zh] e =

hyA
AT

=

[15]



PCT/KR2012/003482

WO 2012/161431

)

s of

PAx
2

ol
.
T

wpolLt 2§
817 2t A=

!
FA Q1A]

=
45

S
x|

L

kK

LA

3 A

of A

.mo
il

)-

ol
TH
2
oy
o)
M)

M
Hr

Hr

W
H

olo
M
™
M
z]I
o

M

M
Hr

0%
o
Ho

o

)
fiie)
W
1

0%

!
,w.o
A

=0

=] O
Hd3&

[e]
T=

3] o2}

L O
=5 WA

fiie)

=

o] F7f Fhvll e} 2 A A B

N
o
;OE
i

M
oy
M

T

o

& o oA =

Hr

)
)
fiie)
ilin
or

ol

B



PCT/KR2012/003482

WO 2012/161431

pt
=
B B
T P

_ ==

X
o R
Fny
BO
T NE
No =
T ™
CaGE
KE Y
Nfo s
W Hr
M

X
o

[\
9\
—_—

A4 A, B, C

Hr

7

Al

Y
wﬁ

fiie)
,Euo
_

X
Hr

o] A (ALBCHll t-5ATAH 7]

7 R

M
i

o)
ij‘é‘

A]
A 4 2 3} A

Fod, Al 3 ALt Al 4 4369 w25 (P

A 3 w25 2t Al 4 22}

=
=

)

fiie)

H(AB,O)Fe] Ael &

Pyt 7} =4

s Ap) 719l A el 7k W

k)

o1 = ARy A ek AR E

k= A 2 712 7]

37
[¢]

|(P)7e] A el AkE d3t 87 7

T

[27]



PCT/KR2012/003482

WO 2012/161431

o
i}
Loﬁ

3} 7]

dd A e A

o

[l Zﬂ
o
oF

=4

s

N

Alellell A E ]2 v Al 7] o] H = F 9] 7]

X
Hr

o

[36]

& H49 F

o9 AAE 9

P

[38]

Loﬁ

= 7=

s

©
9]

& (10 T

=

=
A A K

=

hyA
AT

off thgh 71 2t

5l

AEE P4 53(s10), 29 =

a9 =
A
=

;OE
i

2] (30) 0. =

3
=

T

U}(S20). 19 a1, e =

g

o
T

2] 7(30)

UH(S30). ofw|, =2 7)E

gt

4

e
=

F7(20)
HAHABLC)E 2 EE 2 JH R

7}

oo, waol 7t Fhve) e

[41]

T}(S40).

-
e ls

HRo} ko) gl = 4 40)= &

& o oA =

=

A=A 1

U

tH(S50).

o

N

ol

2|



PCT/KR2012/003482

WO 2012/161431

fiie)

o

=

J| =1 5

Z

[43]

T
3
T 5
T K=
A ﬂ%id
o]
oA I
]ﬂ_Al_X.,PL’
_szﬂéﬁE
ﬂmmﬂ_ol .
ﬁOﬂno‘Ul,ul
Hi;o Ay
LA o
efs
\LﬂMﬂ
g w B
2,
TS 0w
57 o
ﬂmo\m_wﬂmoﬂ
ﬁmﬂ_dnm_a
oo E
T oo
BB =
X N
™ T =R
B ™o B
=W o R
T ol
o B
N =
R o B
o m AF T

fiie)

(AB,C)2. 5.

oz
= X4

ol skl WAZH=

K
o=

aL
=

ool A, 9

[44]

t}+(S70).

o

;OE
i

1

o

M
Hr

B

Hr

M
oy
M

(50) W<

el

=N E
o}, o],

t}(S80).

2] 32(30)°l] |

-
K

M
Hr

83

B

~

,mo
_

o
)

5

M
N

7]

Eigss

ol A A 2]

[46]

E=8 A & 10

o] gl M =

[47]

EHOZA, 4, & 89 (a)9 o]

o2

3] %
=

Aol

™

14, 2 89] (b)sk o] %44

95

3
T

bt o]

ol

A7 o] 4 Dot EQl #

=1

& of

=E

hyA
AT

3
o
o
ol
. i
oy O
0% M,
A -
o 3
jl ﬂﬁ
T —
5 2
% =
O ﬁ.ﬁl
O#E ~o
R Mrm
A )
T na s
TULU LR
i b X ,y %ol
ERE e
FANE T T S
o -
SNV
9 g E g
= I :y I mﬂ
ok 5
= R QT

_— = — o~ ——

outside=. %

Holy = F5is
o, outside®] *H ¢ &2 if(P,<D; IP>E, Il P,<D, IP>E,) S = A, outside 2] *H ¢

=
=

-
.

3}

SERCE

0%

A
ol

o

18] 31, vf

[55]

A Fe] A8

-
.

9} Zc7F vt

BP

14 =89 (c)oF &

s



WO 2012/161431 PCT/KR2012/003482

[56] F=cross(4 7,40)

[57] ol &7, A Fel # 37t e A vig i # A P)o] dl = Ee] =k 2] -l

HABp=A] oA 55 2@k oA, vl =gt H A P)o] @l = £ 9] Fel
A=A 3}7] A3k 2712 outside W9 2712 if(F<D, | F>E, | F,<D, | F,>E,) 2 A,
A F7F AR @ E Weoid 4524 v o = 4A(P)o] OUTI H+= OUT2
FHoll AA k= -0l gt

[58] Z1g] 3, 589 (d)oll EA]E ukef o] v o g AP S Vo= A A
B} F7} x| H o] ¥ &= AL o] H Gel Hel #EE k)

[59] ojul, G} HO| 35+ oftfj o] =2]& o] &3}o] 778 = 3l

[60] G o= mm(B . F )

[61] EH —max{(B .F )

[62] G, =—min(B ,. )

[63] H,=max(#B,. 7))

[64] ol g A, Gt HO| F37F A wl-g did F A (P)o] AFZHE (BGFH) €] -]
AR eF=A) Lkt of 714, ul =g o) F A (P)o] 9= & 9] ol
9128+ 7] 918 outside ) Z71 L if(P<C; | P>H, IP, <G, IP,>H,) 2 A, 13
i = A (Pyo] AH7HE BGFH ] -oll 912 8F=%] 4 5-+= vl =3 v}’ 9 A o] OUT3
ol $=| k= 4ol 8l F gt

[65] 019} Z_:]._O outside ‘('H 274 @'O] 7331]— outside Hq% Zjoﬂ 3H %8]_X] %.Q.Eﬂ
A 2 S APy0) 93 Fel ol A3 AS o 5 ek

[66]
[67] Sk, =g O2g FAP)o] = ZE| 2 U Fel HAsE Aow HuE, &g
HAL 7)FE Gl d-§

[68] %9+ B ouby o)) ule} ¢
A

[69] 0471 A, Xﬂ 1 JﬂHﬂ(a)ﬂr Xﬂ H‘i(bH ﬂ%—t— ofgfj o] =2 2] 5
T8 vt

[70] a=CROSS(47, BC)

[71] b=CROSS(zp,4C)

[72] olof 4], At geoll Ul gk bl 2351 (45 20) W Al Be ol dlgkad] 231 (3



WO 2012/161431 PCT/KR2012/003482

[73]
[74]

[75]

[76]

[77]
[78]
[79]

[80]

[81]

[88]
[89]

aC
%a%ﬂ%ﬂﬂmﬁxmlm%lﬂ 12 7o) 4 sl B3} A 7 4
S

r:Br+ CI_B *a-
a'=BH(C-B)*

b-A

bI=A"H(C-AN*

C-A
ol 2] gk 1-2foll &3] A a9t b'e] FH3E7FAAEHE A%t a'E Sl AW-(aw) 9t
ol = A (zg) o] WA (PHYE A& e,

%44 BS} bE &
= ot ] 2ol o8] ahE T

o] 714, P'o] 3%
P'=CROSS (7 5%)
o) 9} 2o seabA (P)e] AL AbEE W, vl ol = APy Ak (Pyol
) -&A| A wf =g gkt
1A ), wsE g FAP)S AU T 9] ARl
Z38ke] 714719 2ol 7t A o) gle w) TR e
12} 31 A ¥ o] OXVP WA S}, whelA], o] B &k
i 2 AP)S A v Foe Mgl 7
2R3 £ AR 4— m]-v,—y_b xq.% 7]%

1F rlr %

oy M

dr T

o 1o,

1~o
_},1'_1‘
L
a2
o,
_O‘L

N oo
~
N
e
Shs
1o
~
o
~
s
A

o)
o X

e
o M

JE N
ox, i
O
o
roh
i)

o&i‘
)
N
N
)

ol
il
H
s
=

= 2109 e

e ABC=

-

T =
_1\1

wa MU bt oy fo
o> = ["1(‘
!
=
1o
N
N

Ny

g

- — — 0

Ac B BuaC” Ab: bC/]
AN 7EE g8, A PE VsE kY] fldl] A A o] A 2711 A E g oF gkt

54, oh# o] 542 ol Gaho] 9| el Al AR(y e e R
b= (S 100).

ab=SLOPE(A,B)

ac=SLOPE(A,C)

be=SLOPE(B,C)

Zrejar, ZF AR 3 pel A e E vlatskar, 5] Poll A A7k A4 2 A
P2}o] A AR E dap= A 7SHT(S200).

A4 0.5 ts, o o] 543k 7ho] A poll A A, Bl o) & ] arse] 1152
dapoll 7431, 4 poll A A, Co] 2ol E W] wao] 11L& dbpol A4aH, 4
poll A B, Ce] Ao]& nlulste] 11 A2 depoll 474§kt

dap=DIST(A,B)

dbp=DIST(A,C)

>
o]
®!
L o

N
O

o ¢ ol
N
PN
=
g o
o ®
U
L o
LN
L
ol
oy/
@)
=



WO 2012/161431 PCT/KR2012/003482

[90]
[91]
[92]

[105]

[106]
[107]

[108]

dcp=DIST(B,C)

olo A, A P}t A )7t A4S Fhol 1 E A3 THS300).

TAH LRz, o) o] g4 2t ko] dap<} dbpe] A o] W] ulske] o]7) 7]
A2 A P 7 W A 02 st il ABPol| 4788tk ar, dap 9t depel Aol &
alatske] Aol 7k 71 A& A pek /g W A4 o 2 s slal ACPl A s,
dbp2t depe] Aol & Hlulste] Aol7k 71 A& A pok 7 S A H o=
Fekatar 11 215 BCPol| A7k},

ABP=dap<dbp(=B) or dap>dbp(A)

ACP=dap<dcp(=C) or dap>dcp(A)

BCP=dbp<dcp(=C) or dbp>dcp(B)

“1d] ar, o e €] 2] o] -85k pok WA S30000 4] 3k HA A e V1275
AhE T TH(S400).

abp=SLOPE(P, ABP)

acp=SLOPE(P, ACP)
bcp=SLOPE(P, BCP)

oJol A, $100 T A ol A 4F
obe 9] 5241 & o] &3to] 4}

sdap=ABS(ab,abp)

sdbp=ABS(ab,abp)
sdap=ABS(ab,abp)

o 2k W2l oll o gf) Ak Fholl vhe Ao gk
lem, "0l 7 7ba == vt A AP)E A=

¥

712712}, S400 A o A Ar=sk 7] 7] 9] A&
t}(S500).

.

¥

=
=
=
=

.

loh A, A4 B.CE 102 e 45 ace e aB® s ol g ate]
v g g &, AEE 2 BB, vl ol A P)E A vhs A 4 e
)7k, 7} ﬂzl%ﬁ(B,cM th,ﬁ_% M (ac,4p) 9] A (be) el FH3EE
]
D

Tt (b,c)¢] #3EH]F AHE3131(8900), ©] & ©] &3]
w3 g}

T 12+ gl mhE AR o= R A A HE A o 29 =
olg}o = H o AkS wAE 1w 0 B AF4d Hb o) o8 AW Zhzke] BA
W= A W A 2 §ske] o e = i e A S H(S90).

ojuff, o] HA S 25Tl oA, o] A Al M T 1R
U GG FH GS A Ak Gt o] F A, 7 1A ol st



PCT/KR2012/003482

WO 2012/161431

i

3
T

A=

% 445t Ee.

ojm A

}o] g = o] A,

)

Al ol ok A |

H X o

o T o
o Jo 7
I

[111]



PCT/KR2012/003482

WO 2012/161431

4T

1]

er

[

o Shol A,

B

fiie)
jfeel

T
ol

ol

=y

iz

—_—

N
Nro

g
il
3
m
MY 7y
™ '
HY T
NH N
~ o
o o)

A AR
T T

)
I

N

H

2

&l 2] of %] & 4]

=

Z

| . 1

ol

ol

)
e

fiie)
jfeel

T

-
.

2

(AB,0)O. 2

3|
T

o thafo] 7] WA 54

e#a
ol

o] of e =

3}
Q5o

&=

= abg

2

=

ol 91o1A,

&

Al 1

%4 2]

er

[

=
=

ol 91o1A,

&

Al 1

s} 3]

er

[

BN
Y

"o

ol 91o1A,

&

A 3

4 4]

er

[

)

)
wﬁ

fiie)
,Euo
_

23] v

N

e#a
ol



PCT/KR2012/003482

A7) BAF A, B,CEF A 17

WO 2012/161431

o] #2174 (A',B,Choll -4 A

.

iy
%

[e]

o

=3} v

3le] 37)1 9]

A%
5
P
A

H
A4

=

(o)

QLN

Fef of e}
B4 (ABC)TE] A2 & AHEa

A

.

o7 2 APy A e 7 A

ol 91o1A,

7) A 17 B

o= F] e Al

d

A7) A 3 mak 3} A 4 1A
o

A 4
T

3} 5]

k)

er

3|

[78

)

fiie)

A

7 4 (Pyakeo] 7] ¢

3

ol 91o1A,

d

27}y 71 717

A 5

3} 6]

k)

er

3|

[78



WO 2012/161431 PCT/KR2012/003482



WO 2012/161431

(Fig. 1]

1/9

J2ie oY 8y

510

'

JBlE Eel 2 TXF g 7|E
43

iE

a}t

S20

$30

S$40

M3 EE BfHol X HE

S50

!

SUY 2H 9 BY &4 NY

S60-

570

E
l a0 "é‘%!

S80

S90

CHA & Xl (7 X H26X) ISA/KR

PCT/KR2012/003482




PCT/KR2012/003482

WO 2012/161431

2/9

[Fig. 3]

[Fig. 4]

1 SO P B A 8 A A 01 i I B 0O b0

s

§ i A, T .
07

]

i
]
i
|

|
§
|
%

—

sy
e L T

S

CHA & Xl (7 X H26X) ISA/KR



WO 2012/161431 PCT/KR2012/003482
3/9
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[Fig. 8]
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