1 e
SRS %ﬂ'ﬁﬁluﬂﬂ BUBETH
In[elligent Equipmem RAILWAY COMPUTER APPLICATION Vol . 27 NO . 7

4. 1005-8451 (2018) 07-0080-05

ERER TR FE R T AN AL MR AR

EAGRT, RE, FmsE, FOE5 AFFL B OE
(I¥ds ks BE#HhifsE, K 410075,
2P K% ZAMFEIMLFR, Kiy 410075)
fili ¥ ATRELARBREMEL, FRL—ABBRTEREBELRG AN EEANER, S, FE
RE PG IE TR BN, AMEAANCFESENG LR, AIALANS AEMBBEIETF
RREMBGR, ATED IR EFABEEBRE T FLRERNERLRRSN SR HER, BT =4
FEpER BRI A A bdt, Tk FERERTE LR BRALRFAGE AN, BT
ANINZF kG Lty DIEE, R AANACAN R TARREN L, SR ETE2mMm, # 2L
BEL.,
Rl B E; LAM; TIAERS, ZHEE BRAER
thiE sy e, U294.2 : TP39  Cikbiiles: A

Unmanned aerial vehicle visual detection technology on gauge-exceeding for

railway freight car

WANG Yiran', RUAN Xinpei', LI Pengshun', LI Shaoshuang®, LIU Xueyong', YANG Yue'
( 1.School of Traffic and Transportation Engineering, Central South University, Changsha 410075, China;
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Abstract: In order to ensure the safety of railway transportation, unmanned aerial vehicle (UAV) visual detection
technology on gauge-exceeding for railway freight car was put forward in this paper. Based on the model of the UAV
flight attitude, taking multi angle UAV to photograph railway freight car loading image, the 3D model of railway
freight car could be restored on the basis of the monocular stereo vision 3D measurement theory and image data
processing methods. After nesting and comparing the reconstructed model with the gauge-exceeding standard model,
the gauge-exceeding status of the whole railway freight car could be determined precisely, which avoided the security
risks resulting from the manual measurement. The gauge-exceeding inspection experiment demonstrates that the
detection precision is up to 2 mm.

Keywords: railway freight car; unmanned aerial vehicle (UAV); flight attitude; 3D model reconstruction; gauge-
exceeding detection

PR E R A MYET L, (RIEBRES A =% 0P Bok Y. SRR E I T HA, B

s R ELER, mAeKKRsmETES, b
TRERBBR, ¥ LmMBLiTEise, 17
SRR M, Rk, B A 8 R PR AR
W75, 5 B SRS BIRS ERf A DT BR o B AN S5 20
DAE A B0 PR R 4 S 3 3R 2, il 3 & BRL R
ST TR N

HORT, Bk 6T A9 3 B0 IR TR 2 (k& A
TR SE R, XFRRIN DT XA DOR B . R,
i FAFAEH — &R ks P, EHA 2R

I hi H . 2018-05-10
FEETH . E R E K E IO (2017ZIKF09)
TEET Ay [ERER, TEARIE, Boikss, EiARE,

80 {— 2018.7.5% 256 ]

G R b Y TR VNI o £ W T E S -2 R
{EL X SEAG T e 2 U 4% & bt ELRR SR o AT B I e
o5 DR BE (RO T AT i LA O S5 ARG B, A
GyvEtle mAh, BUA AR T B OURE el BT
FUARBEATRE I, Ok (6 A A B2k 2% 1 a i OB PR BT 4
B Te ik 4 B B R A A ofe

Bl bRk, ASCHESE T — R g R KK
A PRAS N 05 ¥, 1 I JE AN HLAR B 4 2 A
HZ W MAEIG, LAk AR i SRR BN R =
e, TR DT A AR = R R S PR AL T Y
WEATERRT,  SEBLBRIS DT DT R 2 RS G N



E21EETH

EaRE. KESERBERHTANAEENRER BReEw

1 WFREiR

Je NAURE B A I B A s it N T4 4% sl ik BETE A
PLRAT RSB, WiE C APLEY RATHE, FIHC
AHLER X R SR f it 2 A R . 26 T g EI i
P, FE BB ARl bl Ji Bt 4 55 b Gl = 4k s
B, I 5 PR A B T ik bR, AR AR Y = AL
FUFn =4 B AL E B Bon G 0L, B e IR An B JE e
HERRAES Bk T A 1R,

Froy IR AT 8 O AR (Xps Y Zu) » (X,
Yo Zo) o K FHAEPLID 25000 AT 75 .

Xe n. o, a P, X, Xu Xy
C nZ OZ aZ pZ ZW 0 1 ZW ZW
110 0 0o 11 1 1

K (1), (Xey Yoo 20) FoRZE IR U AEFAHLAL bR

F OX Y Z HHIAEAR, M, RIS HEERE
(2) ARAE/INAL AR JEER, FI AL A 2 B R

IR A RRAS 7 A5 B R N N
i Mo, 658 ] 5 PR S B R O R 35 A 6 (U, V)
l ﬁfi’ggﬂ ul [k, 0 u|[x/z, x. 1z,
VI=[0 Kk, V|l Y/z =My Y. ]z, (2)
LR 1 0 0 1 1 1
il =) ERETER
' #a, b, c, d AR 4 A T AR BRI BE
T GE IS — BERY ERY A Q EAHETEREIN, FAWM T RA -
TR AR
i—' b a3 Uy+a<u<uy,+b (3)
o o V,+C<Vv<v,+d
1 BRERFBEROTANARRMEART R
sin e cos f X,,—CoSa COS fY,, —CO0S C0S(90° — f) 2, + X, — X,
) i a<f - 2 — <b
2 EABL AT AR g —sin g x,,+sin(90° - B)y, —sin(90°- p) z,+ z,, — z, (4)
. S e = B e s bt —C0S @ C0S B X, +Sina cos By, +Sinacos(90°— Bz, +V, -V,
) T ARG 4 2 ) = 2 5 c<f : v v w'Jw J0 o
A TR skt y —sin #x,,+sin(90°- B)y, —sin(90°- B)z,,+ 2, — ,

B, TE NHLLHE A Rl 5 7 R AR A
MR Z A ER . T AR AR O B S g E R ok
Bol M = A K R SRR,
MEEAYEGRIE £, AL EE B 2R T s 5 B Rt /b,
WIS IRG BE AN . AWE S o B, R Rt
AUREINES R, 1R HEL T AN RAT R B
2.1 BRIRBS S E R

(1) AN A RENY ih£e/82h, HAELL “H
EETT RSO E

(2) EXL—AKIH, EKT5 e REH Bk L
BRIFMIAF e 2 E P, FBLKTT (R 8 AT Al & A 140
VEHN, ARSI —E aT L e 2 A B R,

BEABLILOLAERR A (X0, Yor 20) > JeH5 4R
OERFTEF R AA o, HIKEERIIR AR B,
2.2 Hbseh %

(1) hFilz i s o T B R REREE, HE
56 1 25 TR] AA s [1] P A A ) 2 B e e, — A>3 O
TEA IS, R BRI R Q LA T AHLAHALAY A4

2.3 W2y

AR R = 2 5 B e S 0, P B A A AR AT 7 ok [
R A E A A BLZAR T 60%, & Ak B A i
B 2 n AR 2 s AR 2, TIIAE 0 9 ok R Y 3L [R] 4
XA RIR A

AS = [ (f Uy o) = T (1, v;))dudy (5)

e A 3 A T AR R

A—S>0.6
S

i (6)
AS =0.6

i+1

3 MBS b

TN AT 2 BRI R R BAE Tk e
PLAERHLEI N AP 2 B R, Horb, Sh 2 HonT Dl i 44
PRAFACRE, mNSEEEZE I MATLAB #iHLbs
JE T BAA AR TRRE .

2018.7 4452561 ) 81



BHERE

it EH N A

20184E7 8

3.1 bR IALE

TR R RAR HLN S B i brE St v, SR A
T bR AR A U A 07 i A bR 0 i
VDIl iOE AN AT YRR S

(1) #* T EBIREE, ReAE B RN 5 TR 5,
P T o, B A 2 SERE S Dad A7 R AL PR

(2) EREMaERBIER, A, &k,

R G E B, BT EGILEE A,
AR A E SRR E, BLL, BB RS
BORZAAS, RAEZRMI R REINTSH . brE k5wl
PLAZ R EARENSR, REHHRBEGILN S
B, X PPERE T A O % & RS, RIER
0, AT A AR E AR, A TR SR A B4R,
2 M LR 5
3.2 bRt LaiR

AUk LR MATLAB AIbUbRE THH ¥, I
R S B 0 DL X b L EL R PN SRR P A T 2 & ke,
SRR AR E . B R STA 213 inch, frE bR A
BEBUERSARENR, TR 12x9, kg R
2 30 mm x 30 mm, FRERFEAE 2 iR,

| srrmmsgies |

| RETRASHRER |

|\ kR |

| it ssowbig |

| i Bl ok it 7% |
B2 tHSEIRERE
(1) PG HCE FHORUE Z i E, R
AnTr) e AR E R B B, B S AR R 5 2R 2R ]
BRECRERAR, A TRBCEFMA AR EE R, /£
RUEARE BHR =AY AT T, SR BRI RLE M
W P8R R RE 22 W I, XA AT AR R R AR E S R Y
R
(2) i@k Extract grid corners fiy 4 % £ ¢H 3 1HidR
B B P A SR TR, Aok MR DABE B B O
A TH s AR A, AR SRR IR R AT, Rk T3
e BT E A A Y 4 A F R, R o3 AR Pk 1
Xt oAt F AR AT R E A7, AR FA AL TS AR, W
22 R T UC B 7 e, AT T RS B 2= B

82 {— 2018.7,5% 256 ]

AT DA i 28 2R B AT IR AR

(3) s PRALT, *f B Zh3— B F bR b
IR R EEAT O, B R fE BOL B2 0 A AL R

(4) fRojoxt 12 8 F R AT M fE i, i L AR
AR TR R AILN S BOR U RE, XA ARt
A2 it T B AT

proEd e, BB MAAIERREL R, i
F M b BE . AT DAsd d An & 3 s B R 22 4y
PriE, R ZE T EORIER IR T 5, B ERT R
RSB HARSIEREGR, DIgEbrE R,

Reprojection error (in pixel)-To exit: right button

25fr
20
15¢
1}
05t

>
o}
-0.5¢
s

-1.5¢

-3 2 -1 0 1 2
X

B3 iEREREIRESE

S AUbRE SR0e, R R AkAR Y [1 236.222 56
1626.53088], fEpRALRA [2809.399 64 2809.40252],
Mt EAILN S EAn T

u,=1 236.222 56pixel v, =1 626.530 88pixel

f. =2 809.399 64pixel f, =2 809.402 52pixel

RIRFHHLN S 5E, BIRT SRR TC AHL AT LS
A, SR AL AT Fdnis i &

4 BRSSPI YR T

4.1 Y i

I AL Ry & sk B R Bog hoo R,
2t R AR R ELSEE R P RS T,
AZ R AE H S s b B =2 sb b, Tl i [ (R R R R AR
SR HIRLZE, m] B4t 5 b E Rt 9 22 1] L (o]
FERFNGLE , T SEHL = 4RIy Ay . DA 4 2411,
[RBAEM K B R B —* R A, T AR P A
AL TA R P L, WA PSR EHR BB O R
5y W28 53X —Rf [A] 44 RLAT P 2% BLERAEZS IR 28 &



E21EETH

EaRE. KESERBERHTANAEENRER

P, ATLLYE & 1T 96 5 th 4 f e b I
=g e g 0,

4 Z#HEEREE

4.2 COAMH R o it

BeAL, R 1 &4/l C64 ik R E AT A
R, H BB R LG, A 4
WRGBIRG UL, K APLAS R g T 110 5k
B%)E, SA=HEE @ PhotoScan i, ZGeHEIT
e H 5K [ (R B A B AL AR BLAL O, TR R M4
BRI 23, SE R JE S 1 B AT 15 51 5 I i 4 e 3
=R, HEE RS SRR LA 5 B,

b Sy T = i

KT EERER
5 J&J-3ds MaxityRi S il 5 )

5.1 Gt 3l PR e B Y

Tl o 22 i 1R R P H B PR AG E Y. % I8
Pk BRI h 3L, BRI TR AR
PERLE R T, o B 3 A E R . anlEl 6 PR,
5 1 A G A TR R S P A R 3 T € & A AR TET, A
Jr SRR RAG I e S 4 T 5, xR AL, R
SRR PR TG R R, AT B 4T 0 I A [ i e 4 1
TG A B R AN
5.2 Kyl HE

B ERARN =R EHRI T A 3ds Max Hr,
Pl TR R = AR f B, AE b R i 2% b A

a fRE IR
5t

a g ARy b — 2 PR AR S

6 BREFRAEIREY

C RIS

BB EEREUE, MRYE PR Ok B 3ds Max
HH Y AR GE LA

(1) 24 7 7€ 5 e BLA = ZE 455 B kA7 45 I A e
B, ERALESREHEMN, T 2R BRAS E 7Y
BT e B A — R iR, FIH = 4L 1B e 3L
ARG AE . IEHRE LT, b i o =R
FEBRWIE FHOTWEIR, W2 58 HAH R A RS
JER £k , AR 28 H % DRI AT P B PR 2 . B 7 T AL,
BeAL e T AR E E IR e R,
RFIE D —JotE R, IR B ASE, "TaE=ME
w8 DR Th RE R B, sl 3 IR AL Ly Ak AR
AR SR B AR RE, i BEOERLEIRY z AR fr 7z
A Y B R A

B 7 BEERAE

(2) it B LML S, Al 4 2 o B O A R o
AR 25 BT R RS, WIDRE B AG: 5 A 7Y 2%
G —, Jeil s AT, MR AKE
o EL, dnlE 8 Fon, BLAL T 5t IR T — SR,
A ML AR R BB R R, X LR 6
DXt At e SR AT IR B SR (o
5.3  KrMIkGE

WnEe 1 PR, O R R A R R A
s R 5T MERA -, REL L2 mm A4,

2018.7 445256 1 |—) 83



BREREE ST ENNA 201847 8
Bk, SCELE S E R EEPRAS I 5 AR PE Bk R K s i X
B PR 2ok, HESLABBRAS R AL A, R RE
4 % 45 0 NALA A8 4 A R Dbl
%% 30k :
[1] & I8 Hk . B &I 5 Mo R AL RA N H AR BF R [D]. s A &
i X il k¥, 2013.
a IR b — BRI C HLE AR [2] & k. BIWEARAN AL%ET[D]. Rk Rz k%,
E 8 FEBIRSHT 20009.
1 BYESATEE [Blkkiz, ThA, €1H, .4 F4sbh S BBHEAM
I p—— S50 I IR £ 65 5 T [J]. 5344, 2017, 39
’ e B A B A IR A B A
woogn  PRE BERE Cwemsr  memas (7) : 54-59.

T BR R B R B R
MfE(mm) 1902 19117 1389 13768 3084 31002 2858 284.20

R, ARIUES R Al {5,
6 RN

BRI ST AR AR A, M AN RATESE
ROHCAR AL BT RLK, iz I JC AHLA AN = 2 3
PR LB BRAS I, RWE AR T T Bk D B
BRAS IR RGP, PR T ARSI A . A SO Ay
PR AC N B AR L T IR i E A LU T S -

(1) Jo AR GEAS M+ A A 8] T £ SR 1 T AL
M5l R A I BT A A = Y St I
BRAGI, HRIERIME, FIESREAEMN, KRR,

(2) FEBRAS 2 5 7Y mT AR A [R] iz i 4% 1 R i 1
B, HEIARRIN T B AE Ve, AR AR

(3) REME LR HIE BT BB 5 . RN 3,
(DA s R oA R R DUN RIS S

Aok AT U I T A ML AT e BB T LK AT

84 {— 2018.7,5.% 256 ]

[A] Rk, #RE, & &, F. AT BHFH L
MENALZTERL[]. FhRFFR (8 RXMAFMR),
2015, 46 (8) : 2843-2849.

(5] PhER AR, Mok . R TR R L OGBS A AR IR S
[ i HEAE R, 2005 (1) . 213-214, 217.

(6] Ak, 4 Ker . KT TRAGIRIE T EARMRNZ ALK
5 %A [J]. 45 HAUR A, 2012, 21 (9) : 38-40.

(71 k&0, EREL, £ R, F. AT RXRAEZLITREY
W12 ) F AR RAR N 7 ik AT K [J]. BB AUR S 4R, 2012,33(1)
181-187.

[8]Zhijing Yu, Jiwei Ma, Yuquan Ma, et al. Accurate camera
intrinsic parameters calibration using virtual stereo board[C]//
Proceedings of Photonics Asia 2004,Sensors and |maging—
5633volume.Beijing, China:2004, 12:371-382.

[9] Matlab #& 1% #LiF & T B 4 &) 4 A 3¢9 [EB/OL].[2015-07-
17].https://wenku.bai du.com/view/89200f 7ff90f 76c660371a34.
html.

[100 % &, % 3 .#%F AdgisoftPhotoscan #9 B¢ = %4 & & &
HEAR[J. MeT 42, 2017, 26 (8) : 41-44.

WL E &



