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Measurement of the kinematic parameters of payload
swing using projective correction

He Feng,Li Jiatian, A Xiaohui,Liu Jiayin

(Faculty of Land Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Accurate measurement of the kinematic parameters of payload swing is crucial for lifting and transporting dissipative swing
control. However, the existing single-image projective correction methods are susceptible to the interference of background and other
factors. It is difficult to automatically extract the coplanar straight-line constraints, thus restricting the measurement accuracy. To address
this problem, a projective rectification method is proposed that utilizes dynamic line constraints from temporal image sequences. Firstly,
dynamic straight lines are extracted from specific temporal images through the integration of background differencing and color
thresholding methods. Subsequently, clustering is performed using an improved random sample consensus algorithm, thereby establishing
reliable constraint conditions. Secondly, the Levenberg-Marquardt iterative method is used to estimate the vanishing point and the
absolute quadratic curve based on the linear constraints. Then, the correction matrix was calculated. Thirdly, the coordinates of the
marker points are rectified, which are employed to calculate the swing angle and trolley speed. In the measurement of kinematic
parameters of the payload swing, the aforementioned method achieves a root mean square error of 0. 124 7° in comparison with angle
measurement by the inertial measurement unit, and a root mean square error of 0. 003 6 m/s in comparison with the set trolley speed.
Compared with the inverse perspective correction method, the projective correction method with coplanar linear constraints and non-
coplanar linear constraints, the angular accuracy is improved by 69. 05% , 76.35% , and 93. 91% , and the velocity accuracy is improved
by 42.85% , 47.06% , and 59.55% , respectively. The proposed method utilizes the swing string in the payload swing as constraint for
projective rectification, aiming to obtain richer and more precise constraint conditions, thereby enabling superior measurement precision
of kinematic parameters in the payload swing.
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Fig. 1 Schematic chart of the payload swing
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Table 1 Vanishing point geometry error statistics
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Table 2 Parameter table of significance test
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Fig.3 Comparison chart of image metric property corrections
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Table 5 Swing angle measurement analysis table

W IE Ty ¥ 5 IMU U #4 RMSE/ (°)
TALIE 3.594 9
B IE 0.402 9
BRI FAPN 0.527 2
3L 2R 2.047 9
ARSIk 0.124 7

HITE 5 I3 5 Al R 42 450 AL 52 7 32 D 4+ 422
fifm2e W A R S AR b B A AU th T
HREA T, i R R 22 5K, Sbii HAR A AL s
AR IE A 2 A I ek 5 2R 1 B A A 5, IO R T
SV T 0V T S P B, M EE T AR SO iR B
HH B RS E R A A 1, G £ G L o A I 3

0.22
020
0.18F
0.16 ’.?«J\v",,"- R RS
0.14
0.12
0.10
0.08

006} % *
3t
bl

JERE/(m-s)

0.04F FE

002} — i

gf&%i(ﬂ:ﬁ)

0 1I 2‘ 3 4 5 6 7 8 9
i 18] /s
(a) STHEBER D HAE

(a) Trolley speed in uniform mode

f‘)h?‘r

10 11 12 13

T T 69. 05% , HbAL T B R A RIER LT T 76.35% , L
eI LR AT T 93, 91% , B0 3iF T 1% ke
PETHE ARG

2) HERSEE ST

IINZE IR A =X (13) TS 3, 15 2 0 o
WE 6 Pz, A AN 4 B 5 14 5 /N 4 3k
i) RMSE & by 3 FERG BE 8 AR, 45 R WK 6 F

HI &l 6 F122 6 1T, B i i AR A0 AR 1 it
FEZ BPURZE R, IMU I 7= i 3 22, AR Sk i
LR 2N AU TN A T i 2 e A, T L [T LR Y R IR
007 RS I 92 1 PR 5 AR R s s S i R0 2 1T AN
— 3 WAFEAR R R 2E . M2 A SOy 2 frl
NI R R T B E A, HORG BE L i A e VR S T T
42. 85% , tbAL T B R IE TR A2 T T 47. 06% , bR L 1
HLARIEERTF T 59. 55% , Wil 1 %7 BES R THK
B ORS FE

0400 IMUIE

o BN IE
0361 FEHELAR !
SR H HR LR i
0.32F— ﬁ%@@ﬂ%}ﬁ%ﬁi@m i
028} f | Y
T 0241 |
£ 020}
;% 0.16}
012}

0.08
0.04

0 1‘ 2‘ 3‘ 4‘1 5‘ 6‘ 7‘ 8‘ ‘; 1‘01I1 II21I3|I41I51I()
i [ /s
(b) AR T

(b) Pendulum speed in uniform mode



%5 10 1) fa] ¥ A5 AR AR Bh S B0 1 B AR IR v 185

0.40 0.50 IMU i
L o B IE
036 04SF  SEE AL
032 skl 040 - ABEEELAR
— Hﬂ‘)?l@f%ldl%‘ﬁ%f’]ﬁ(ik)t)
028 035t A
; 0.24 —‘; 030+
= 0.20 = 025}
2 "o
016 | 020t
0.12 0.15F
o i oul
0.04 Ff%@@*?%ﬁ(zﬁm 005
01 2 3 4 5 6 7 8 9 101 01 23 4 567 89101121314
B [R)/s B[R]/
(o) MmN EHE (d) ZmsE R e
(c) Trolley speed in secondary acceleration mode (d) Pendulum speed in secondary acceleration mode

Ko B X

Fig. 6  Velocity measurement comparison chart

x6 EEWNENTR 3) fiks Sz Sk s Bt
Table 6 Velocity measurement analysis table At Ee ] B2 (12) THRAH SR WK 7 s,
K2 AE Iy i 5 U RMSE/ (m-s™!) P55 i 2o %o o B AR 3 R S 2 6 A | HORS B 5 R
WEPLRE 0.006 3 FEREBE IEAROC (AR IR 2E S A UM S AW LR B
ﬁfmﬁﬁﬁﬁ s s X RSB BE 2% RT3 390308 7Tl P4
/;MU'J;H; 0,003 6 17 U AR AR E R R 3 G5 R 8 B HAS S
PSR IESS SRIEARG
220 267
Nl page, P :
18F L E 2R AR e 22+
- JEILH AR AR s 20k
Lo — HFERSSEARRAT) ol
£ 14r E 6t
g2t T
® 1.0r ' 12r
® st ® 10p
0.6+ 087
0.6
04+ 04 - RS H R AR
02+ 02t — W BB A B AR (A0
01 23 4 5 6 7 8 9 101 1213 0123456789 10111213141516
I ] /s i E /s
(a) SPEBRDELLH (b) SPEBRIB AL
(a) Trolley displacement in uniform mode (b) Pendulumdisplacement in uniform mode
20 R
20 22
M E AR
18 | - ST AR 207
Lo — MBS EALHCES sl
8 ray £ 16F
B B4t
& 12t bS]
& 1ot |
® ® 10}
08 r 08l
0.6 06k
, ' 3 5
04 041 I B A
02+ 02+ — MR ERISERARE)
0 1 2 3 4 5 6 7 8 9 101 01 23 456789 1011121314
R [Rl/s B[R]/
() “EAE RN (d) G R AR A
(¢) Trolley displacement in secondary acceleration mode (d) Pendulumdisplacement in secondary acceleration mode

K7 iRsAliixt e

Fig.7 Comparison chart of displacement estimates



# 45k

186 & 0 E ¥
0.08 0.055
 ERRE
i
007 W ERaIA H ALK 0.050
0.045
= £
=] ~
0.040
0.035
0.03 0.030
0 0204 06 0810 12 14 16 1.8 20 22 24
X/m
(a) ST RIBGRIE S

(a) Trajectory of the trolley in uniform mode

I 7 F18 RIRD, IMU {7 #5025 AL T 80 R i 22 T
et TN R R R AR R R 2 R
RIRZE R B 2, AT B R YA 0 0 7% B 22 55
R, LT LR 2 SR T 058 35 LA T vk 14 (52 7% ) 45
W TS, M2 T, A SCR B 7 ik AE L B Al 5
AR BILT foc /) 14 O 22, 000 4 2R 5 TS0 102 8% e O 4T
IS, H 332 Sl B A L iy R A TR OR B, i3 3R
W1, AR SCT5 A s s 28 a7 A A TR 3w A B
AR ST A IE A RIS B AL IE Y . PRI, AR SCO7 vk
Fv I ) iz sy s B A B v FROR L

3 & i

AR — PR R AT 12 BB 4 o B R
SHERE ik a5 A e G sh 25 B2k, v S i 1A
GG R TE T5 B JR PR, B 5 100 6 1) K B RN 5 M 4
TN IR IR PR TR i B, BT 0 TR
I FHET S, JEIAEDL A5 A8 T AT 0 1 Ml Ay 000 46 % 0 o
KB BEBOR B e, S8 T R AE SR 5508 iR Bl AN
EEEL I T RIAME, J5 2L 70K & F T 0EASG A
PETHEMG B, LA 5 % 38 N RE
S Hk
[1] ZHU B J, ZHAO T SH, TANG ZH F,

Hierarchical coupling control of cable-driven multi-loop

et al.
crane for underactuated positioning [ J ]. International
Journal of Mechanical Sciences, 2023, 259, 108620.

TIAN ZH, YU L L, OUYANG H M,

suppression control in tower cranes with time-varying rope

[2] et al. Swing

length using real-time modified trajectory planning[ J].
Automation in Construction, 2021, 132. 103954.
RAMLI L., MOHAMED Z, EFE M O, Efficient

et al.

(3]

ﬁ)ﬁ’w&IE

0 0204 06 08 10 12 14 16 1.8 2.0 22

X/m
(b) ZZ AR AR E Z 3T

(b) Trajectory of the pendulum in secondary acceleration mode

K8 R IR A X L

Fig. 8 Pendulum trajectory reconstruction comparative chart

[4]

(5]

[6]

(7]

[8]

(9]

swing control of an overhead crane with simultaneous
payload hoisting and external disturbances[ J]. Mechanical
Systems and Signal Processing, 2020, 135. 106326.
R, EUREE, RERSR, S5, BL T XU B AR L
(9 RFID 2 A 5E 3k [T, ISR 240, 2023,
44(5) . 267-2717.

XIE L B, XIA CH H, ZHANG Y K, et al. RFID indoor
localization algorithm based on dual-frequency carrier
phase [ J].
2023, 44(5) . 267-2717.

Wk, RITi, ZARE, 4. ST VBKF-CPA-TSA 51

Chinese Journal of Scientific Instrument,

A UWB S AR [T]. U (3R 7 4, 2023,
44(10) : 120-129.
CAO B, ZHU W J, JIANG CH X, et al. A UWB

localization technique based on the VBKF-CPA-TSA
algorithm[ J]. Chinese Journal of Scientific Instrument,
2023, 44(10) : 120-129.

LI Q P, ZHUANG Y, HUAI J ZH, et al. A robust data-
model dual-driven fusion with uncertainty estimation for
LiDAR-IMU localization system [ J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2024, 210, 128- 140.

FENME, Brbhle, saREE, 4. IMU BRIREERIE
BRI IEL )], AR AR, 2021 ,42(9) :202-213.

CHENG W B, CHEN ZH J, ZHANG Y F,

Balance correction and verification of IMU posture

et al.
error J]. Chinese Journal of Scientific Instrument,
2021, 42(9) . 202-213.

WANGCHUK S, SIRINGORINGO D M, FUJINO Y.
Modal analysis and tension estimation of stay cables using
noncontact vision-based motion
method[ J]. Structural Control and Health Monitoring,
2022, 29(7) . €2957.

YU SH SH, SU Z Y, ZHANG J.

magnification

Robust optical



5510 1]

il K 45 AT 2 Sh 2RO i i ST R AR 187

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

displacement measurement of bridge structures in complex
environments[ J]. ISPRS Journal of Photogrammetry and
Remote Sensing, 2022, 192. 395-408.

HUANG J L, XU W M, ZHAO W W, et al. An
improved method for swing measurement based on
monocular vision to the payload of overhead crane[]J].
Transactions of the Institute of Measurement and Control ,
2022, 44(1) . 50-59.

YANG M, WANG Y, LIU ZH H, et al. A monocular
vision-based decoupling measurement method for plane
motion orbits| J]. Measurement, 2022, 187. 110312.
OLIVEIRA M, SANTOS V, SAPPA D A. Multimodal
inverse perspective mapping [ J ]. Information Fusion,
2015, 24 108-121.

AL, MLEAE, HOUY, 5. SR TR 20
SHLAS A R PR A I [ )], IR Tk KA
#z, 2022, 54(11); 95-102.

HU ZH ZH, WU J X, XIAO H B, et al. Fast obstacle
detection based on inverse perspective mapping difference
for mobile robots [ J].
Technology, 2022, 54(11) . 95-102.

YANG W B, FANG B, TANG Y Y. Fast and accurate
vanishing point detection and its application in inverse
IEEE
and Cybernetics:

Journal of Harbin Institute of

perspective mapping of structured road [ J ].
Systems, Man,
Systems, 2018, 48(5) : 755-766.
SUN J, WANG H P, ZHU X L. A fast underwater

calibration method based on vanishing point optimization

Transactions on

of two orthogonal parallel lines[ J]. Measurement, 2021,
178 109305.

ZHANG G P, WANG F, ZHANG G D, et al. On-orbit
calibration of space camera lens distortion using a single
image [ J ]. Optics and Lasers in Engineering, 2024,
177 108140.

FEAN, Th, Bfh, & BETHH Z4REREN
HURERE U0 5 U ()], A =4, 2024,
45(7) . 56-68.

LU Y J, WANG R, WEI W, et al. Automated collision
recognition and warning for human-machine interaction
based on 3D scale recovery of monocular vision [ J].
Journal of Building Structures, 2024, 45(7) . 56-68.
CHAI B H, WEI ZH ZH. Stratified camera calibration
algorithm based on the calibrating conic [ J]. Optics
Express, 2023, 31(2) . 1282-1302.

LUO Y W, LI P, SHI G,
assessment via enhanced single lane-marking [ J ].
Sensors, 2022, 22(5) . 2024.

GUO J, XIANG Y, FUJITA K, et al.
building

et al. Lane departure

Vision-based

seismic  displacement  measurement by

stratification of projective rectification using lines [ J].
Sensors, 2020, 20(20) . 5775.

ZHOU P W, YIN H CH, XU G ZH, et al. Meta-Calib:
A generic,
framework with ArUco-encoded meta-board [ J ]. ISPRS
Journal of Photogrammetry and Remote Sensing, 2024,
212 357-380.

SULTANA M, MAHMOOD A, JUNG S K. Unsupervised

moving object segmentation using background subtraction

[21]

robust and accurate camera calibration

[22]

and optimal adversarial noise sample search[J]. Pattern
Recognition, 2022, 129. 108719.

Sea ) BRI, X, @A BE LI EE— ZCrk Hough
AR SEIE A I [ ] TS AL B Bt S BB
AR, 2022, 34(8) : 1238-1251.

WU J P, CHEN K, LIU Y. Real-time vanishing point
detector combining RANSAC and Hough transform [ J].
Journal of Computer-Aided Design & Computer Graphics,
2022, 34(8) . 1238-1251.

SR, XN, TRA, . BT HWWEN GPS f
IS S B E[T]. S T2, 2017,
25(8): 2252-2258.

WU X ZH, LIU G, YU F Q, et al. Calibration of camera

extrinsic parameters based on monocular visual with GPS

[23]

[24]

assistant[ J ]. Optics and Precision Engineering, 2017,
25(8) ; 2252-2258.

WALLACE D L. Simplified beta-approximations to the
Kruskal-Wallis H test [ J]. Journal of the American
Statistical Association, 1959, 54(285) . 225-230.

EE '

[25]

AT, 2022 4 T 75 M 22 B gf 4522 12
Az, B4 B 3R TR 5 A, AT
FEIT 0] R 355 I i S PR AL
E-mail ; 1305559198@ qq. com
He Feng received his B.Sc. degree from

\ “i )
s

Putian University in 2022. He is currently a
master student at Kunming University of Science and Technology.
His main research interests include photogrammetry and machine
vision.

ZEME GEAFEH) 2007 4T EH
M A (AU AR 2L, B B I T
ReEpd% , FETT7 1) o 2 I ek A (e
FAUALTT%
E-mail ; ljiwex@ 163. com

Li Jiatian ( Corresponding author) received
his Ph. D.
Technology-Beijing in 2007. He is currently a professor at

degree from China University of Mining and

Kunming University of Science and Technology. His main

research interests include photogrammetry and numerical

optimization method.



