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3D reconstruction of train accident scene based on monocular image
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(1. State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031,
Sichuan, China; 2. National Centre for Computer Animation, Bournemouth University,

Bournemouth BH12 5BB, Dorset, UK)

Abstract: To help with making an emergency rescue plan for train accidents, a rapid 3D
reconstruction method of train accident scene based on a monocular image was proposed. Taking
two camera projection models for different application scenarios into consideration, the SIFT
algorithm was introduced to extract and match image feature with the CAD model of an accident
train. Geometric constraints between vehicles were provided to transform the 3D reconstruction
to solving a nonlinear least square problem with constraints, by which the position and pose of
accident subjects were reduced at last. To quantitatively and qualitatively verify the calculation
performance of the method, the mimicked train accident scene and the real train accident scene
were respectively used to carry out 3D reconstruction. The precise finite camera projection model
was applied in the mimicked train accident scene to carry out offline calibration, and the stable

pin-hole model was adopted in the real train accident scene to carry out auto calibration. Analysis
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result shows that through quantitative analysis of mimicked scene, the maximal and average

relative error of 8 nodes for measurement in reconstructing two vehicles are 4.54% and 1.85%

respectively. Through qualitative analysis of real scene, the 3D reduction of position and pose for

vehicles can also be realized by combining the topographic information correction. The whole

accident environmental panorama reduces visually with the help of 3D visualization engine.
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Fig. 3 Singularity of 3D reconstruction based on

monocular image

oA b R AE 00 JF R F RANSAC 5 41
BRASDRUCEL S o X — S i o 1) 3] 2 2 K 20 45 )
FHANL T4 FIERVCE . T 55 VAL
L AR DL (1 RRAE SR UL L B RE R I 5] A
CAD BRI DLy 1938 5500 XA T SR I
TAREM TR AR LA 5 A0 B W RHAE s BE AT X
FRCRYL 2 A 7 RHIER .
1.3 (BS5ZEEMEI

B —XRHE S 5 CAD 45 iR BT — X i M 4%
MRFR . RNER M 51 ) i % CAD i
WA 500 L A5 FL 52 A bR 5 0 O R AE 5 3G
DA SRE., M THEMZ A 0% %
ANG FE Ry B R A5 A8 A8 AR AR SR 3 v 3R B Dy R TRD Y
JUART 25 S0, 8 B TUART 249 SR 5t 15t AT 58 43 B e i 5] 2
R G 2 15 B T LA R BT T IS 4 4 R TR] B

ik s B A m WRFEE 4N, @ SIFT
SR IURRAE X T 5 M | n K
BFFE o I8 fi, BB T WM § A FRE AL
w, N fo TR () CAD 35 5 78 A Ak R & R 0 28
[0 5 p,., R ow, 6 BRSP4 85 C  C
Sy R ES © T CAD BRI T 48 5 5 T
SOLE T SRR S AT, AT R UL 4,

— BBRE
~~~~~~ -2 I B

B4 FmH

Fig.4 Reconstruction process
FRAE A S SO A p o Z IR RS B (R
w2Ee, N
e, = | p:.; — fii [ 4
1T 90 A2 rp AR R R A A AN A TR R RE A
0B — ¢ E R AL A e T 10 3 4 TG 06 32 1L 1A
Z AR CAD T g Xt B 4512 A i i 45 AE X
T 1R300 UK JBE 52 T AN R A SR AT AE B8 2 AR AIE 1
R NA L EE S NT P sl —
CAD 5 g AR R B4 AR i 7 R P B AL



%14

ARB.FATEABRMNINFFUG T =T 153

e sE KX PIN CES D A P S U FE Y

(255 00 B Al KR A

W, =Rw,  +T (5
AW, o wy Gad BT S AR B A AR R R AL
B ZE LB Co L C [FRE 25 o IR 25 46 58 7
N DD,

W At 2 R 1) S 2 5 7 e AR R —
G HE A NIR A e, BIBR T R VT Z 4N
R, T ¥4 A0 T 00— 19 420 J5 45 8 00 37 Ja A &
D RIMA S . K5 &5 220 CAD 45 g 7E H A4k
RN E S EEEHLRE—H

W, =R, —C.)+T +D_, (6)

Mi=10,4 D, 1.,=0, b HARRI TR 5
PR R T, 134 SRR S R IR E b, 5
AN MR T, (i =2,3, =+, m) B R /N A iz e Y = i
S0 T 2R R T AR B A5 B T A B BT %) 2R R ) B TR
AL B AR F(R, T 5250 47 R Ny

: s _
min F(R,,T,) = ; N;; Zi.]_K[R:(Wi.j
Ci.l)+T;'+Di 1.2:|_fi.j Ii.j (D
s.t. | T || <d, (8)

K L N H8 78 BB R 28 © R AR S AN RRE
MCECAE DL, I, =1 RORAEAE fo, 5w, AHITEC,
I, =0 %R fi, 5w, AUCE N, 5 540 A
AT VS FCRFAE 5 0 BB AR @ N B R R 4 4 A
KREWERES . d, =052, h w, 5o ZAIPLA AR R H
P Aebs LR EE i =23, m,

K R sk % 20 (7 AT SR L TR A AL AR
N R T 4k, S T4 CAD BERIE) fir 45 19
RS G R AR AR AR R I XA B K, AT
RN H

K, =Rk +T, (9

2 ETHEE&HENEMIESZWES
HiE

0T SR AR Ak B R S T R B A
FHAL TS L 2 25 18 0 SR AT DU 28 MBS RE 15 25T S 5
FRAE e R 2 45 2 IR /N He 9 31 7
WY AT LS S A E AT
2.1 HENARESEGERR

FEARIUEN G Z B FEBLEEA TR - 5k T MATLAB
HPLARE T2 X NIKON D610 BUAHBLBEAT 4R E - HF:
RPAHHLA NS K S54SR . T

(6 177. 4 — 7.2 2993.6
K = 0.0 6175.0 1 941. 2]
L 0.0 0.0 1.0
r 0.9519 —0.1187 0.282 6
R= |—0.3063 —0.3341 0. 891 4] (10)
—0.0114 —0.9351 —0.3543
I 262.4
T = — 778. 5]
l— 2 003.1

235, & PR U B L 2R 550 A B AR TR
RE 1% (5 15 A0 AL AR S 12 22 35 2 5/ R U 26 A
VA B AR ML R Bk (—0.020 5,0.196 6,
—0.003 3,—0.006 6,0.000 0), XF Al #4745 &
Je s RN S HOR R I 7 2 5t LRl 5, B/l 5
Wy G A T T Ok T A A bR AR I R T A A
Ab A U0 A SR A AR B A A 28 R X R A
FRAANSECR.T WA C10), Bl )7 & b ihr &
SAEBD 13 W ALE S BT T B AL A bR
ARG I LA B R B B B SO L T &
HISEBR R ST 171 mm X 172 mm X 175 mm, |6 B
FEZE B 138 4 VR IR 7 s A N 4 2 IR RRAE 1 T
BUMNME . YR 5 507 e br AR X UL E 6, ARk
MTEH A AR R T IR AR AR L 12y, 5 2,
G300 R SR ) A

K5 K Eg AR

Fig.5 Panorama of mimicked scene

2.2 EBRHEFEEE

FE {8 R AR 2 AH ML AR B4 5t B G @ i SIFT &
RN ZE B E bR A S B LR R fUR R A AR T
X AS ) B 5 1) 2 I S A Y 4 R CAD A, i
W FRAE A7 B S CAD BRI f E 17 % 1 B 58 1 4%
FEDCRL . A5k R A B T AR CAD R I, 5]
5.7, % CAD B8 5 U A FRAEVE BT 25 2R DL AT 8.
2.3 WESESMGEIT

S8 BURFAE 85 CAD 45 It 5 . i1 F 2 W5 0/



154 X @ & W

I B F R 2017 %

“l_',ll

(a) EHEL b) FairE2

(e) EHIRES

©,

(@ FHFET () RS Q) FHIRE A

/R

\

=
»

(G) HEWERD k) FTaEmERC ) FTERERd

(m) FEWwERe (m) FHabrEMT (o) HEhmEsg

B 6 FRaga
Fig. 6 Mark points

Z )R B A B BT W AT RLSR TN d R T 2
W B n TS G R 0L 9 DL R R 4 R
P B L2 R L 10,

3 B AR AL E N S LR 10, 5
RERF - B w3 Bl 2 200 mm, 24 ) 7 6 oK
2 450 mm, # [4) 5 B CHI L& ) A 1 655 mm,

CAD #p i o5 5 g A bR 5 0 5 A Bi AH X T 3 53 [
MIIRZEILER 2.0 vesvey TN 20y 2, IRZE,
W Ab T TR — 42 R A SRR AE b 7= A B AR R R 22 1EA T O
Hy A9 BB B R AE 25 A 7 ) o R 25 W 1,
IG5 A AR Ty 1) TE A (7] 25 JR A B AR R 45 2% DL
K12,



EREB. 5 ATLORABNNEFTUY F TR 155

K1 EERERMONE LR

Tab.1 Survey coordinates of mark points on car bodies

KRS, bR x,,/mm Yy/mm z,/mm
1 756. 00 1 245.00 51.00

2 1 242. 80 768.99 5.85

! 3 1252.90 763.49 173.17

4 766. 16 1239.50 218. 37

5 —381. 04 1196. 50 43. 00

6 756.00 1196. 50 43. 00

I 7 756. 00 1202. 20 230.58

8 —381.03 1 202. 20 230. 66
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Fig. 7 Imported CAD model
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Fig. 9 Reconstruction result of mimicked accident scene
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Fig. 10 Reconstruction errors of carriages
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Tab.2 Reconstructed coordinates and relative errors

AR/ mm HRHR 22/ %
bR AR
Xy Vw R € €, €s
1 689.66 |1 151.10| 100.88 | 3.02 | 3.83 | 3.01

2 1236.90| 752.82 14. 26 0.27 0. 66 0.51

3 1247.60 | 729.93| 187.13 0.24 1.37 0.84

4 700.40 |1 128.30| 273.80 2.99 4.54 3.35
) —393.08 |1 275.40 1. 96 0.55 3.22 2.48
6 737.23 |1 168.70 64. 28 0. 85 1.13 1.29
7 728.85|1192.70| 257.25 1.23 0.39 1.61
8 —401.45|1299.30| 194.94 0. 93 3.96 2.16
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Fig. 11  Average relative errors from different

carriages for each direction
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directions for each carriage
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Tab.3 Relative errors of reconstruction using pin hole camera

1 22 / 6
bR B a5
€ €, €y
1 1.16 0. 04 1.29
2 0. 60 0.48 1.32
3 0.74 0.34 1.32
4 1.30 0.18 1.29
5 0.29 5.16 4.97
6 0.52 1.27 1.82
7 0. 86 1.62 1.86
8 0. 62 5.51 5.01
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Fig. 17 Position-pose estimation result of all carriages
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Fig. 18 Visualization result of scene reconstruction
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