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Abstract

: This paper presents 3D collision deformation modelling methodologies using photogrammetry for recon-

struction of vehicle accidents. A vehicle’s deformation shape in collision provides important information on how the

vehicle collided. So effective measurement(scanning) and construction of a corresponding appropriate model are

essential in the analysis of collision deformation shape for obtaining much information related to collision accident.

Two measurement methods were used in this study: Indirect-photogrammetry which requires relatively small amount of

photos or videos, and direct-photogrammetry which requires large amount of photos directly taken for the purpose of

3D modelling. When the indirect-photogrammetry method, which was mainly used in this study, lacked enough

photographic information, already secured 2D numerical deformation data was used as a compensation. This made 3D

collision deformation modelling for accident reconstruction analysis possible.
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&), 3D modelling(3x+ =2 &), 2D data

=4 =l ]EJ), Accident reconstruction analysis(AF2L A+ 3l14)

1. M

AbaL AT AVl A Apeke) FE LS gt
sHAl F7 8k A2 tds] a8k, o] ¢ wedst
o A= 23 SE ¥y A7 s
1974\ Campbell”ell o]l 22+¢)) SEHE F3} =
SEEMEAYA)E dshs e AP Aol
HEE A ES o, o] thai /NEE 2 j e B
D57} @7 Crash A|F 9] a4 2229535} Ab&
2} FE AR A Al A A AAIA o2 H 7k
2] de] E-g=ojghrt ol 1970 o] &

*Corresponding author, E-mail: ihhan@hongik.ac.kr

254

o
o
iy

o, oftt
%

I e

o H ol
o pt
&

H g Mo
fo = (4 o

2 ox
§ROY o 2

o — &

ofj

e
5

£t op
Lo pgh % o

Wl
2 o
x o

5 o M

3

e
f(rt
o

0,
il {;’
oo M

bell

)

N

==
x
o

o

ol

2

> I
>
K
o
o
o
il
kel
1%
_o|L

g it K
ofh

uo ﬂllﬂ O{N‘
ol
il
)

>~
e
R
o
ot
2
p

O_>L J}'E

[
KON
2
oHromy o ¥o
2 lo o o

o ro x
LN

off X H ol
(g

o
o o

et
o
i ou
N
N, o
o &
[
i
n)
uw
2
rlo

ox
N
N
Y
roh

ol
=



24t Cl|O[BE &83 3XMY S& MY

[Lu
N
R

oo
2

o Hy

e ¢
)
off Z o
ofy 1% o
Y
o,
X
NI
oft
Ao
ol
i)
[l
ofh
N
A
K

o lo
o r
)

i -

ol o
it pots

o
s}
e
i)
X
il
lo
>
>,
K
2 o
-4
oX, o
HE
2
=T
o
o
(o]

E
ot
>

-
i
i)

T =P A )
ol o olje
> 2
rE
o
e,

N
o
iy
>
>,
K
He
£
1
4n
2
X
i
A
>
>
oo
i,
N
>,
N
ol
ol

o
B39 MRS Sakels 71 Ne 2AlehaL, S A)

SHt 5% AlAISHA Y 2013

2 AutodeskAF2] 123D Catch® =

2O =R FEehe AR 3D Ry
O

e TEAAEE e ® sho] AAlskedth
1AL H T B ] AR 3kl A o
3ted M3 Tandy 57°] S AR A 33491 S

>
% R WS Abw AT o] 3E

of

3

el 3aHe) FEWY PP vl A steta
FolahAl Z4Hs Yol Al 23 533
2N E BT 5 Bol gtk B Aol A A7)
Zgol gt Abzlol} BYAARZYE 3349 S
g 955 AngRE T SFHoltkh AL
AZ e Iy A Al A 7P w4
A ARE AS &5 QAW FAL vl H g
AIRE} o] o} & 4 glow] A hs Al
whel 49 Zpolst A Hvl A A we] T4
ol FHsEA & = Ak T} 71E FEAY
Aol TE AAE L 8] Wi Al A7
Wopoll A B84 ks Zick AIEFL o]
FnG FENY IS BEIHE A
33b9) mEle BH 0w A4 B AKIS T3
EAPARNSFo R PR 5 Uk 53, B AT
N F2 hEa g FRANSFS A oz
B339 FEN B YL ol Fol W & glom Al
Au7k $EF B9 249 £4 dolHE 2878

o

I

4 otk E Ao A= NHTSA(National Highway
Traffic Safety Administration)'” %53 DBl A %
T A5 AR A m ok 22kl R HO)E &8
stoTh o9} FUatA T TEARL ZAYEA
HAANAME 78RS TE A AR5 Dd A=
e FggdFong B Ao AAEE T
AR S5l &8 9= dids 3%

=
A2 E Be5e Y

i
L

<

U
9,

1l
‘H

-

r
o

oL
flo
>
2
Ay
o o
=
O
11
2
2

N
N
o3
ry
o
p‘L
uls
ofje
i
E
oft
2l
i)
ftlo
ox
oX
i)
o
X

e O
%miyo
Y
oﬂﬁfﬂq‘

-
o
g
=
3
Jo
N
I
oo
o
o
o K
H‘U :‘01|
)

koox

>~
=

N

>~ 2
o
v

Ak
ol X
O
L ya -
>
Y
Dad
>,

g,

o

>,

X
L
i

o of
)
24
o2 i

o
-

[o
4ot =
et
wo
)
(o,
ofje
fi
E
ofl
o
e,
e
ox
%
)
it
o
=

Moot of

AvpE & AN gk 7 3 AL
o o) A 2§ ol tale] me) g,

H
2
3
oL

O
-

7] $1=, A
=AY dHeoly 7t 3+
T} NHTSA DB 31X [IHS(Insurance Institute For
Highway Safety)'oll 2 A|All A Al x5 &= 2ped
FE=AF 87 ok 18y, E9A]] 2dE

J

A FENY S L RUYS AT ARE D
—L

£ 918 A 9] ol Ao WA FEa w29
Z=ma K)ol 7o) Eg) A ool A2 sHalch

NHTSA DBell 9l 82 A5 2} 3]119] tfeksh
2HFE g TEAIFAEAA gde R Ags
AL U AsAb S|AFES] BuGEA Rl
NHTSA A Fa3sl= SEAIPd+= 1) AW

A

) SHFE ) SHITTE 4 LA

’

It o MR o

AEEY A5 s6km/h, ZWEFEY 35 62km/h,

H 75259 A9 32km/hE o] Fo] At} o] 5
ksl

_1

Transactions of the Korean Society of Automotive Engineers, Vol. 23, No. 3, 2015 255



Inhwan Han - Heejin Kang - Jong-Chan Park - Yongmin Ha

39 FEWY 54 A RA L AR A S
ol = RHA I 3t = A1 Z ol Qlek, 1P AL
NEFFolt 7]Ee grd S5 HE 2] AR
Tt FYYAET ol Golel FEWY 24 U 1
W shs whelth, A S el A7
5 AR olo] WY 24 P SAH AnE R
gHom A8 5 A A S DA F 3}
49l MR RS 7] 919 i Aol WP =
G Fasith B Ayl HHAS e 38
gz ES) Oi‘—:« MRS Z2 a0 FER I
(Photomodeler)'” 12|31 =R dle]s} F5k4do] &
23219 mele) g 739) 2ho] 4(Rhino)' Yot
APNAEFL 309 mAYe BHow 2]
A7k AR Aol G e Bestel Saketis
ot uheba] e Skl A e gl
& wur ole A% BAYVIWH LS B9 A}
A5 ety uol HHAAS TR} H4 4
w3t FEWY Ry AYgeAE dS 5 U
APARIZ ol A = B ko] Tk A S B
Sohmz, I AR S ol A ok el Al 7)u 3
2491 227 o] 7H53 123D Cateh” = o] -3 3219
wRgo] ek, o] PHE A 27N EER
Ao} gol s 283 R s A
Ak B AR o] & 7HE A it o]
W TR ARzlo] a8t E R NHTSA $E4
¢ DB 5olli= AHS & = fivh ARE 283 3k
270Y T2 o2 D-Sculptor, iModeller 3D,

Photomodeler® ScannerS>¢] $)%| vl 123D Catch7}
Haxggdo| g AWl A 7FHsle] B o
ol 4] AEsele,

o= 3D S F88ke] A 2o A
o] Hehs 33k BElg PAske Mol slrk.
3D AU 2A A Fu § ukabE o] Bo}
T HolAE 3l EAEY 3AYE A HEE A
JolEd e Ao R EK‘HE 2 st
=9 TS EJIE FeH9-=(point cloud)#}il

, ©131& CAD/CAE Jilﬂg 3 maz sy

o] st} 3D 2= A A J ke b 2
Al Lo 7hsdt el A uL, 7hA o] avte]

2 e B A A Do) glojok sl &

L W

I

QL_EL

0

K
ol
=<

Hﬂ va

=1

256 E=ERSASEE=EE H23A AM3F, 2015

Bgel 4 gk 1elw 3y FEWY RS

A7) A% =AY FAE = ARl

M) B AlRbe] 208 5 glek A, S
¢}

4 2 ol i) 2244
£ o B Raae wolh geps 4
gwmmw ¥
=27} 15

s
Bk @A ‘501 A wa om ot el

3.1 NHTSA 2Xt2l HE2 &8

3xH9] FEW Y AR Sl gl & = gIA
33 T W HAA) S 56171 $1814= NHTSA
AHFTEAS dlolH e 2419 W= C)E &-8-3t
o] & &83t7] flaiA = o
A A FEWE d 2do] gt FEWY
A 2pere] mdle) S flal 3xke 23 A2 =
de]E &85 A 3 o] 2(surface) A4, H 3
4 FAL gho] g o] &3 TER
oA FE H 2de]3 ‘}% QE% /‘3 g 0}7] '?4
NHTSA HlelHWe] F=
&3kt Fig. 12 CE %"%3}"1 %%@39—
Adste B85 vERATE NHTSA B EEA]
tlole ol A &-8¥]= AR Fig. 200 Ko 4]
AAE B5F 4740 2 (a) 4 H(front view), (b) =
A 45°(right front three-quarter view), (c) Z}=(left side
view), (d) 2591 45°(left rear three-quarter view)©]
o} o] APIRE O 2= WY d Ak R o] Bt
st ARRS F7sl| A Al of vk 7 e =
/\]—X]—Q_ i]—ElZO] },}-_‘,}_i ﬂ]i]&].‘:_ A] é% o]_Q_—a‘]_o:]

wpgY) glet.

rr

O:
0.

HﬂrE

ﬁd
L
>
ﬁd
m‘o
o rr o o s O g2 (0 o

olu| XA ZZ oMol A AL qu A}
S5 AW 4%, 3, 5 T, F 3% AR
S %A}g}‘}ii PQ,] A]-Z\_]gg W3 7 2}
LR

A4 Ak,



Three-dimensional Crush Measurement Methodologies Using Two-dimensional Data

Prepare 7 pictures
(4 pictures from NHTSA DB,
3 mirror-copies)

Reference point data and
define distance for wheelbase
on photos w/ photomodeler

¥

Work for closed surfaces and
assume volume of 3D model

¥

Create profile using 2D data
and split 3D vehicle model
using created profile

R 2

Assume volume for
splitted(deformed) 3D model

Fig. 1 3D modelling process based on 2D crush measurements

(b) Pre-test left front
three-quarter view

(c) Pre-test left side view

(d) Pre-test left rear
three-quarter view

Fig. 2 Utilizing photographs of NHTSA DB for 3D vehicle
modelling
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(a) 3D model with (b) 3D detail model with
Photomodeler Rhino

Fig. 3 3D model with Photomodeler and Rhino

L.

(a) Top view with Rhino

(b) Perspective view with
Rhino

Fig. 4 Separating a 3D vehicle model into two parts by using
two dimensional deformation profile C!
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Table 1 Measurement of 3D crush volume

Impact

Maker | Model |Year Tn?t velocity V(()’i?;)ne (’Anlj/) Z:rtjrl

| (km/h)
KIA | K5 [2011|7347| 563 | 729 |044]| 287
Chevrolet| 2 |2004[4917| 563 | 557 |050] 3.03
(Kalos)

Chevrolet| 2V° 2007]5873| 563 | 672 |041] 1.04
(Kalos)

Chevrolet | Cruze [2011|7158| 3563 | 6.92 |0.41] 4.75

Chevrolet | Malibu [2011[6998 | 56.5 | 6.92 |0.46 ] 4.09
Azera

Hyundai | (Gran |2006|5591| 56.7 7.09 |0.38] 2.71
deur)
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=3 mele] S o g o] Eaks Yehith? o
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ESas

Eloolé}i A g} 1y F 24k
o] HAS A XA il 50]3ke] grEo] itk
gi} 1~5 Atel 9] ghe- Fhugte] wgo = s A
9 L5 ol fES W FA & 4
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Xt CO[EIE &83 3XI &5 My =3 aby

Prepare photos for crush of
vehicle and export *.dxf file
for vehicle model

Pin Import mode

Generate geometry
for deformed part

¥

Work for closed surfaces
and overlap each model
(deformed/not deformed)

Export *.dxf file
for vehicle model
before damage

Yy

Split vehicle model using
surface for deformed section

Assume volume for splitted
3D vehicle model

Fig. 6 3D crush modelling process with indirect photo-

grammetry
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Fig. 8 Completing 3D collision deformation model by divi-
ding 3D vehicle model with Rhino
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(a) Left front three-quarter view  (b) Right front three-quarter view
Fig. 9 Photographs of crashed vehicle (SM3)
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(a) Generating deformation model ~ (b) Getting 3D mesh model
Fig. 10 3D model of crashed vehicle with 123D Catch

(a) Editing 3D deformation model

(b) Calculating the volume

Fig. 11 Editing 3D deformation model and calculating the
volume using Meshmixer
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Fig. 13 3D collision deformation model with Rhino
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