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Abstract

Cables are widely used in the construction of long-span bridges such as cable-stayed bridges, arch
bridges and suspension bridges. The detection of the cables is a critical task, since the effective
bearing area of the bridge cables will affect the stability and service life of the bridge. Establishing
the digital model of the cable can facilitate the subsequent damage detection work. This led to
many applications with 3D reconstruction technology in cable detection. Passive 3D reconstruction
is a method to restore the geometric structure of a scene from one or more pictures, and finally ob-
tain the 3D model of the scene. With the passive 3D reconstruction technology, the 3D digital model
of the cable can be reconstructed only using the image data of bridge cables. In this work, the image
data taken by the cable detection robot while moving is used for experiment, and data processing
such as distortion correction is performed on the acquired image data. The information of camera
position can be obtained based on the geometric structure of bridge cable. Combining this informa-
tion with multiple images from different viewpoints, the three-dimensional information can be re-
covered for the final 3D model. For the final reconstructed model, 4 points were selected for geo-
metric accuracy evaluation and compared with the ground truth. The relative errors of these cho-
sen points reach 0.913%, 1.196%, 0.947% and 0.568% respectively, and the MAE is 1.0053 mm.
The experimental results show that the method proposed can generate a model with clear texture
and high accuracy, and also reduce the cost of data acquisition.
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1. 53|

PN, FInRHRINE . B DA BRI, SREEE) ZHINH . Ebr TR, R
FRIE WA =0 2 — 8, USSR A 848 @ ARSI A 22 s B R AR e M dr[1] [2]. fE 20
F 25 5, WHRMREREFHSIENRES KN, BOFR. BrEEs KRR, PHE, FHit, 2
PRI A AR N 2 T BT R 2 2 4 T ) — N SRBAT 55 o AR, H B 7 P = 4 o A 2 T 8 R O A B LA
FAEAT RO 7732, b BRI A TARSS T 8 75 %3]

— 4k (3D reconstruction) [4] [5]/2 F5 8@ AHHL A% I 25 15 45 SR UL S tH 52 1) 5248 55 SR ah 28 , JRA0
FAVHE AL B A GRE AR AT A3, e A3 B S B AR () = 4 B X 7 o RAF 00 = 4R ] LA T4
RPIRE SN BERAE , AT LA TE 3 S AR i R 26 . — 4k B R R TR A ILE (Mixed Reality, MR).
B8 I SZ (Augmented Reality, AR) #L#F N S0 B 1 20 25 B S5 Fe 4 B A EEAE A .

A = ¢ A 0 = R AT LUK S N R XA s N 28 . E 3 =4 8 00 07 R AR K
BRI B IRAS S 17 NE BRI R =45 5, Bme s =4k E . Hars T 33
YR DR A A T SRR AE . RGB W H ML, Z4EBOCHFEAC LR AT A ML. a) 45
M= AR, AR R A R AT T U I B R R 540 1 B A5 5 (LL s OB . 2580 S
MEERMNEE), HKIX L R R = 5 MR R b, 50T DAFE 54— S AL B S AE = e B R T
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FRAG AR 15 L [6] [7] [8]- b) RGB XU H AHALH = M ik R EL AT = 4E(5 B 3REX[9] [10]. H AR EHEE H
PN AR AL G T RO R 2 TR S — A = M s 3T ol DUR SR AR B 2R e . AElE. L
SRR bR REEHRIA RIS HARMAR =455 2. ©) = 4Bt ar LUB I & 5o R 1 7 200 = 4k
Yyt AT H[11] [12]. d) RATEFEIAENL(Time of Flight, TOF)B A i id {15 21 4 500k A K AT I )R
THE Sk B PR E[13] [14].

W5l 30 = 4 B R — bl I R R SR MR A = 4E (5 B RGB S8 3158 5 10 = 45 BIEOAR,
MANS R =4S B (UREE d 55) o AR T iR REMAR, s Jt  HakeBgmAS Ll
FAh 2 ARAETHEAS B A AS 0T DS B SR sAAR IR B s R B R R & 45 SR RO B = 4645 B
BERIR[15]o TR RS2 B4 ARAE R — N H IO 77 20T Aoy = 4 @R (s AR BdE [16] [17] [18]
[19] [20]. ZFEARFTLURAEIX, A BT 3R E .

Wish R =i S 2 for R, Wigshik & 45#(Structure from Motion, SfM) [21] [22] [23]. HJEHE
FENZ S IR I Z K EUR,  JFiE I VURC B R AT B R M R 3R AR DG &R s PR FH ILAC 20 %
R AR, SRR SR = e b5 B Bhim E @ AR =4 B Eh KR AL E Y
RIS AUR B0 P E TR, R AR Tk RV RE ) M N TR
Mgz, ZERMEEsk. Har StM 3250 i StM [22] [23]F14x 73X SfM 46287,

L = 4 T RS T A RN NS E SARBLE N A SO A R, e AGE I
G BB R = AR [4] [24] [25]. 53—T7TH, B SCHMLSEUNAE BRE, AT E W HUB S 2 i
Bk EARH LA — P o) — PO AR Tt S R AR AR X AL,k — 2 T A2 L
VEJREE DA K fif e 3D E 48 v g 1) S B AE T 3 M 3% 55t i A0 AN [ AL P RO B S R0 388 s A o) A L SR [4] o X
FiESL Tk TR RS TR A AR SRR, AT DR HE R L R T E .

2 = AR A S = Y AR R IR 2SR = A A S R T AN A
R T B SR A S o DRI AAT T PE AN W PR 2R ek b T 4 6] o5 (9 D7 vk, B SRE i 1) E sh AL REFE[26]. B
FIT R FE P 4 B 2 = 0 8 1) 9 R {8 FH A R 52 437 /R 4t (Global Positioning System, GPS)HIE {7 i [F] R 4t
(Position and Orientation System, POS)#fi By 25 H — flll & [27] [28] [29] [30]. POS ##i 3= ZAL4E GPS (55
LA 1 0 £ .76 (Inertia Measurement Unit, IMU) BN 43 - IMU AT L5400 R BT i 19 6 N0 J7 6r
JUE, BEWE KRR /D T 20 T M T 4% i B R AT A A S R S (R b S L. POS R G mT LUK A (1 67
BMEEER, BEMESN TGRS X IR Z5H B2 h = /s, POS HBIfFE 772 0 Hi# s
Fi. FEH, HRREIRARMAN AL TR R B R mr, AT DL B R AN 7 TG ER BT A 2 EIEAT
b TAT Rt ) AT A7 b4 ) s R 2 o = A 0 0 2 AN o R R, SR e T s 5 B B Pl i

AR R B X = 2 A R, AR 4 2 AR 1 AR S A IE POS s il B 5E B = A
Mg, BAMRBIMRAR =AY . 12053 T AR 8 BAENE IR R AL N LRI A c 3= DL NS4,
FEARBLG 28 R B R B S RAE MR BL R, (UGB RGB AHHLIATR A5 Bs 5 2 MR R R R 1 = 4 50y
[ EiH

2. ZHEECEBEAR
21 WE=HER

Wesh =HE HAE K B IR TR KA R IRE — DN (FRS) I S L4 H (4], AT UK L Hiig
K AR m, BE SR Mo SURBCAHE SRR R, S — A MR R AR (X Y)
FORIVBE m, BESH RS M BT AR (X,Y,Z), Horh m 235 78 R h 3
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WR— AN oKk B AT SR, A 3750 M A B AT H B I my B my i = A Ik
BAF: 5M g moR my BHREEST I3 R (A S AHNLE N IS EO A BAERT, o 5 A B £
ARSI SE R E AR . —J7H, BMEAREG AN SEEE, AMTEM R RS 75010
BTk ER AR LA M7 s Tt e R B TEARFAR S AL B . 7 XM AR IR 2 DA K fif e 3D F 4 i it
I SSBEAE T B 55 f0 M LEAS R B b B8 B AL B A my A my Sfer AH B R IEG

M= AREL SRR, = A& AT AR SR AR T 55 il MG 7 1. DR, i SRERATTMIR &
B SR 1 4% i) M A8 R0 HAh ) RS it 28, I HIE A B S e Bt FLABAUB Y /T, 84 34T T7T BAAS 3]
LUNNUE S /NG

pm=KR"(M -C) ()]

Hef, M=(X,Y,2)" 2 M EIEFAE R R IAEE, m=(xy,1) 25 M EE R hi#sy
My RARAR, K ZAHNLRAERERE, C Al R 73l Zm i S Al bR & N AHBLI AL B AR RE, H. o 75*/\
TRy 5 . MO T AL B S B IR ) IE SR
UL 2], #esh =4k d g n] LA VRS K H 37 18
pm = KlRlT(M _Cl) @)
p,M, = KszT(M _Cz) 3

XA T RERE BTG BRI I3« FEAEGERI AR IR, JEH HITE K, R, C, K, Ry LA C, -
SN R M AR BL R AT 1 oy BT p, PT LA T 545, A Bl st 28 7 A 6 Zidk Ty
FEA & DAREIEARIILNE RS SR, FAVEGE 0 8HE T MVUEEA R T, iz (s
ISYON IR s g

2.2. ZHEERZILARRIRTE

XFF b, 3R R T A m R A M RS, 1% MO BUES — BB
Bmy RS R AL B . DI, S5 sk R B R s my, (B M) e R T 80 4
QJ%EM*E'&EI%EPE’J?I I, Bo R eI NS MAS I C R, A my DO s m, RS 2l

JitE(2)R(3
;E)?E;)ﬁ, FATAT LA — 25 3 745 B FALRR R T 5 my BLRAR AR m, BB R S 80512,
M=C, +pRK'm, p eR (4)
M =C, + p,R,K;'m,, p, e R (5)
KRG RN AN TR (3), 133,
p,M, = pK,RyR K, 'm, + K,R; (C,-C,) (6)
D7 AR (6) A i B AT LA RT3 — B ARHLE 38 sk B AL T4 B C IS IR e, -
P8 =K,R; (C,-C,) )

e, BFR VSR — S ARHLAESE KGR s 55— Jiil, D7 RE(6) A im K2R — IR o ik R 8

SR . FTLAE R K™ my 2 my (ARG AR Tt SR AR SR K7 [ . 7RSS AL AL

7‘ij LIS &, ZAREIALRR A Ry RK ™M, o &5 K U Akt A% WS 7 [ 9 50 KRy RK 'm, 44
Ho R, KRy RK™m 25 K MG b BRI 2R (4) T 26 s SR IR A B -
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HFILE, 5E X
A= KR RK; ®)

Forp AJY AT 3 x 3R, ARERE AT DARRVETC IR B S AR RS o XT38 — 5K MR ERIR Aim, . im, 7E5E
EAHBL A HR ARS8 — S AL I BOE S BT R ST LR Amy o T4 BRI A =(8), I
LUK~ 3 (6) e fai

p,M, = pAM, + p, €, ©)

MRAEIZAS A AT DAELR A R I LAT R S X T — ik R — A B s my, 2505 ik
FH R L A m, (823 A e, AES — S AL my MR R 2K A Amy IR L, b 20, Rk SR 5Kk IFHE
XL AR i my BB, 23 ()R ot AR i 2 T ARG &R o

EIR IR 2k % A o 3N0)E F o B R AAERIA S ik, AR S WA =g E
a=(a,8,a,) eR®, % [a] FRUITH3x3 MARXFRARE,

0 _aa az
[a] =| a&a 0 -a
-a, q 0

HUb ] LR a &AL, tn, [a] v=axv,veR®. H*4a hArFHm R B4 [a] 8N 2. #isC
RO PR RANER, T HEREG PR AT M, ZSTES 5K EMR b X L m, %207 5 3
AR A e, FIH % i Amy R ELZE b o FEARE BTk Dy, I AR T AR AR 3 4E[ & m,, e, Am,
RIALPERDC . IRIBEIENRE, ERFMEEMNT|m, e, Am|=0. HpSX{ARFRMRZZA 3 4
B 1) B R R AT B R A AR E T m, e, Amy|=my (e, x Am,) o B AT B FERE SR
EEK|m, e, Am|=m;[e,] Am,.

Rk, Mgk = aR(0) T UM RN,

(10)

m; Fm, =0 (11)

HF=[e,] AN 3 x 3HEFE, FROMGIAIEASERE, Hrbe, 35 sk, AN(8)xUriE X
fRrs 3 x 34ERE, ERF], [a] RN 2 MAERE, HULEEARRE F fFk Ll 2.

FEARFERE F X TARZOR R IR B (10) R A LA R A

a) A AR T bR K TR DA EHE B T SR AR F .

b) 4 F, ik BRI A e, RME— 1 3 e E, M AMERET 1, W FTe,=0.

c) FM, H—iKEGAE AR e, BIEE—SREME TS AN B R e, RME—
3 dEr i, SB=NARAREET 1, T2 Fe, =0

d) g —KEBR RIS my, 5 IR ER A my R |, 5k ER N 1, = Fm

e) FMlth, £ s IKEUR I A m, , XERCF m, TR EUR PR | ISR IR AR L = FTm, .

23 B =HERE

FEAGE T HEAHERE LR 2 Rk R IRIE N Ja, JATTat T DA I G R i 50258 iR = T &

M SR AR %IRRT LA B B MR A BRI B MR ISR e

#i5h 3D HEAE M) H bR UE & 1) 3D AR R K B 37 SR 1) =4 LA 4544 o (LU SRABBLA AL
HEAEFER A, W7 S5 I REilIT 3D P AR IR . FEMEAERY b, A RAHHL A C B 5 B i3RI,
WA B — Y L TT LT AT
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Algorithm 1: 35 = 4k d 4

Input: — A RUAIEEE X R T — AN S P SKAREAER 1 A, Z (8 m e 1, PARem, e,
Output: 75t M %5 3D H g

1) ﬁﬁ%zﬁ%ﬁlﬁé vt

2) TFEEATERE F RS

3) THE 3x3 kR A:[ez]x Fred , Heha HONER —NATLUE A AT 3 Hef i

4) FtFATE AR RIS m Rm, . URCIERRRE 5 R, , RARFFIET M 8t )y gl
pm, =M, p,m, = AM +e,

24, BRREURZHREER

AR VLG e It > B B i 5 I . AU D R R K 22 R 8 T K B B0 TR AR Y R i T i
BUCHC 73 e He/N T UU T & — P T B2 B SAAR VT IC G i 3l a3k AR A 0 88 0 22 1 1 D7 RS B A
N, T 8 H LB SR [ RAAR UL IC J i o %5 VA REIRI I 25 R8BI J5 30 52 AR 1 2K BE W A8 A T LA g A8 . BT
FRRAEVTHC (1) 7735 0 75 215 Je A2 SR 0k UG P AR IBURFAE , 7 8 S P T PRI < TRIRFAE IR DL TR B 5K 3R

LRSI T 2 AR R VLR L . R E I SLI0IE I 2 RS % S LI 85 SR B =
KL, MEER SR, FFReEcr g v 7R R B UCHES W) 2. B i 2% SR UL 7 iR i 3L 2k
AT Z P /N R FLARILIC T FET 2 HTZ AR ILEC Ty % F T Y07 10 7o i) 2 AL AR UL 75 %
[31] [32]-

DR A% TR A A — LT B 450, 388 1 = A TR SR R R T o S PR AT b o 2 8 i 4 e
ARG ARG O SRR AN A SESE[33] [34] [35]. 1 M A A — (A1 228 R N T 30K
H AR [0 A A AR R IR R RS . W T U IE B G F Z S F R, nIih
ETHBRNEEEE S @RISR DS B E s B R s T R S AR f =] DA A
ANERI = £ PR RS (Triangulated Irregular Network, TIN); 3l i iRl 5245 1 40w, 45 TIN B L
TP GU R, it BRI, R AT R A5 B = 4 E I,

3. SEWESrHR
3.1 BIEIRENS POS #4918

SIS HAE R B T BRI R A R — R R . RLRMEA RBIERI SR, JFE R SN
R E R . ZHA R A ZROASTIR = KX R,

S S BOMF A S R A i B R AT ML AR, W 1 FoR. HLas AT BER M sl i RIS S 4 L
PRSI HLas NAESER I VUANTT 17 70 B A T, 380 DOSRAS Y B B8 . RN RATA
THREMEANESIIALOFRARER. PR Bk G E 20 N R, 5l
SIS TR HE 51 1 1l P 2 A 5 R S 6

ARSI T R A B G — A BT LR AR SR IS R AR B R g POS M. H %, HICIIAIRK
FES & R AR (I IR A5 2L AR Sh0d 2 . ARIEARL 2% T IE R Las A L i B AR WL A RS 3 i
B, 5K BT AR AL B AT DOR B A ok, RIVAT Hy ey i B — 5K 1 A (K POS $idie

RARPLIYBER B B0 T5 M BE N y BITT I, x,y,z 20 B AALALE AR, | APk I A 2Z 18] 41
WU BN BE . Akl LIS 215 k sk 1 y Abdsmt il BLR R y +(k=1)1 T pitch, yaw, roll U352
AHPLR S AR, WAL, BR.
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1:(x,y,z, pitch, yaw, roll )
2:(x,y+1,z, pitch, yaw, roll)

k:(x,y+(k=1)l,z, pitch, yaw,roll)

n:(x, y +(n-1)l,z, pitch, yaw, roll)

Figure 1. Diagram of cable detection robot
E 1. SRR FZAER

MRIEHLE AR TAT BRIV BOAR,  SARYE ER 7R 2 18R POS #edis,  BIVRT 23 3l 45 HH DU A7 1 4
RS i DY T 23 B AR I s 0 T

a) VLA BASAG T HY y ARFRI AR ORI, T X, 2 AR DL K g £ 2 45 HAt 2 804 75 B4 32, POS
Ko 1R 3G B faT H

b) F—J5, AT R E R L, AL B RS & 15 U R Ok

c) tbhh, XFEAGRIIRALAE ATy A EAER A E MRREANK, PR AR TT UK L SE L B
[T R P W TR NE AP SV E22€2 LI R

3.2. B =ANEREERIE

TR T BE R AR EE, JF H OIS F T B POS A . 1X — 0K R B8 POS HdiE 4 B
SRS T = A T e VO 2L P R 4 R R T ) AN [ 43 AN RIS, Dy 75 27, SR Jy Blockl,
Block2, Block3, Block4. Ml 4 n] 42 i B &0 B 560 B AL S5 B (POS)ILEL. A5
SRR B AT A T = AR, BURTAS R LRGSR . 2 1 45 T 56T Blockl 4 = £y
MELER, OF THEREENRE . KRB R RS 2 Kl

] 2 AN S AL R s R, AR XA e T R AR (RIS L, 7 W X A I SRR ASE A A AL
ARt T LLE H S Ie {3 A B AR AE S A AT I AL, R e A8 e fE — e REFE b sgma i EORSFE . AT
A, WG IR A0 s 380 PR R 5 s UG AR DR /NI A /0 o Ly D A A T i 7 R S A o et 2
SZ RN gE , PRI 75 B et FOBRAT AR S 0E o H A A A5 A IR AR IR IR R 2 R R AR 2 AR 7Y [36]

X, = Xo + (X —xo)(l+/11rd2 F A0+ A1) +)
Yo = Yo+ (Yo = Yo ) (L+ 4TS + 1 + g1y ++--)

FAT (X, ) WL (Xg, Y ) 45 0 RTE A8 20 RIS 0 2 AR T, 8% A A BB AR o

(12)
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(RIRR ICHE B e RIS 0 R (X, Y, ) » 0 R R IE
rdZZ(Xd_X0)2+(yd_XO)2 (13)

Table 1. Aero triangulation result of Blockl
# 1. Blockl ZR =AM E4%R

Btk 4 Blockl
B H 518 ik
7w M 3,231,000 ~F-J7 B4
S ¥4y b THI 78 6 26 1.2 BRI R
RS 493/518 (95\%)
PRIt 413 AR R KRR
HRGGARZE 0.49 8%
] =

Figure 2. Diagram of lens distortion
2. SRBSTE

SR, FEUERER R Xo, Yo, A, Ay Ay, BINIGAE S AL, IX WA )T BN R R, BREREY
SRAt T — M A TS e AR R 1R 5

X =X, + % =%
e A A (14)
yd _yo
=y, +
Yu=Yo T+ A1+ 20+

s 2 fios, ARSI R RAFER MR, QR RS HREEA(I 4 4, =4, =-=0)
AT DMRIF 195 Z & FL( 2 MBI fUE) [37] [38].

Xg —Xg

X, =X, +—4—"0

0= 1+ Ar} 15)
yd_yo

=y, +24 70

u=Yo 1+ Ar?

i SRR T IR IR T R SR, BRI R ZLE IS E S R AT TSR] DA
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MR BATRE . W1 3 s NS EBE N 2 =-0.02 , WAZ L BEE A R0, Blockl H &R AR IE
S5 ORI H AR AR R I Sl SR AR I

Figure 3. Diagram of distortion correction result
B 3. BERIELR

3.3. SHRAA R R PHE

SERME P =M E R TR RO B S R & = e B . H o, R XKL A
W EE BB SRS — R ANV B, LR R MG A AN = Ay R0 TIN AR i A5 2 i SO N J
MBRRAE E SSRGS ). SR E AR BT, M E KR BRI 10 2 8 Bk AR B
.

B 5 RREALE I B PO T SRR A . HLERIRAE D @) FEARHHE AP MR LR
— HAH AR AHXT R i b) FEORIEXS B i 25 BTG B0 TR PSRBT RENG 15 B8R S izt Al vl
LR YA B BF 1R 58 R A3 BN 45 R anlE] 4 P, Hrb sk B A O A R A BT BB . 1] 4 aT LA
AR (VA RE s G BISCRTE I, KRR I =R

Figure 4. Diagram of mosaicked model

B 4. HHERAE

4. BRAWRILTIBEITE

/45 LU 4] 6 JE75 T Block3, Blockd (W2 320K IER S MBI, /e AR IERT Y, A5 WKL IE
JEER . T BATR HhR IE B BB AT 6 25 SR B 0L, SR ISR DU TR E J P BT K KOG
DT IFRIT, BT SRR
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FE T RS BAL I UK BEREAT PPAL o PP g iR 10 LART 25 WK P T B A A B F B S
LR BTN, BARZE R RN AE AR FE 865 .

HEAEMNEMNBETZ I 7, EHFTR ABCD Y A0S E el & BAMA &, RN TREr 7,
BEARESLOFRERER, WA SKERS B 1114 mm, 110.8 mm. 110.7 mm. 111.1 mm. R¥ENE
FALAS N E AT B B R BLAR T R A B (CloudCompare) I & A3 51 B vh AT LR 7 1 o7 i
%, AT PRUERS FEN R OR B8 B NEUS S =400 FrA IR TS 4 RNk 2 BERNES R, RIEZH8
B AT LAS3 )T 15 3030 52 A B AR AR G 22 DL RS 4 4 0o iR 22

Figure 5. Diagram of the comparison before and after distortion correction of Block3. The left diagram shows the model
before distortion correction, and the right diagram shows the model after distortion correction

5. Block3 B ERIERIFEXILL . ZEARIERMEER, AEARERER

Figure 6. Comparison before and after distortion correction of Block4. The left diagram shows the model before distortion
correction, and the right diagram shows the model after distortion correction
6. Block4 By LR IERIEXEL . ZEIARERMRE, AEARIERPRE

Figure 7. Diagram of the measurement position
B 7. MErEE

Table 2. Diameter measurement results
=2 HERMNELER

AL A AL B ML C ML D

A B A% (mm) 112.383 112.125 111.748 111.731
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