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Precise positioning online trajectory planner design and

application for overhead cranes

HE Bo, FANG Yong-chunf, LIU Hai-liang, SUN Ning

(Institute of Robotics and Automatic Information System, Nankai University, Tianjin 300350, China)

Abstract: For an industrial overhead crane, it is usually very difficult for its asynchronous motors to track the planned

trajectories exactly, which results in large positioning errors when employing an off-line trajectory planner on the system.

Motivated to solve this problem, this paper proposes an on-line trajectory-planning method based on phase plane analysis.

To achieve the objective of precise positioning, the parameters of the constructed trajectory are updated based on the trolley’s

position measured by laser rangefinders when the overhead crane is under operation, and the operating time for different

stages of the trajectory are optimized according to the distance between the trolley and the target position. Experimental

results show that this method simultaneously achieves the requirements of rapid swing elimination and precise positioning

of the trolley, improving operating efficiency of overhead cranes. The designed trajectory planner is successfully applied to

a standard 32 tons industrial overhead crane and achieves satisfactory performance.

Key words: crane; online trajectory planning; precise positioning

1 5|5 (Introduction)

WA ENLE M EE RS TR, B 2N
TUE L AR 55 TAE &, Hag bk oAk — i
O FRFRZ BNV Z AN SIS, B0 &
BB AL PEREAEAR R L Byl T M F AL IR a8 2%

FEAR 22 TNV AR = by, e EEHLE S BEER T T8
LK, WAZBRRHE I L L 2 SR IA B 22K )
(052 ARG FE. S T SRR 407 1) H A, 75 2R HIAH
IS PRI A R L TR R I 4 I AER AL . F T AR

WehR H Y: 2016—05—12; 5% H #: 2016—08—10.

T3 A% ¥ . E-mail: fangyc@nankai.edu.cn; Tel. : +86 22-85358689.
AT FHR.

S5 77T AR AL, it g B0 78 A7 2 IRAE VAT 2k 5
Bl bS5 DL 5 A7 73, B an, 1T |l AR R I
ST—300Z 51 F] 4 1538 4% i 4% (programmable logic
control, PLC)AE B T & HI Tt 2 2 0 Ak, 1
A T, SR T W SIS, XM ke
BRI ENL R ZE. STIR (TR 40058 A7 R 48, RIE
IBATHE b 222840, 30 I O R S AR BT 45 A R S B
Zf ik, JER LN ] B AGR AP AU EALAIE
EEEAL SCHR (210 FEHLRISAT R T T 04K, JF
4 H 547 & L AR 43— 73 (proportion-integral -deri-

R AT ERPAAER I (61325017), FIKBHGAETHIIH (2013BAF07B03) Bt
National Science Fund for Distinguished Young Scholars of China (61325017) and National Science and Technology Pillar Program of China

(2013BAF07B03)



%10 ¥

iy {45 MR URSHERE AR L R i e vt B 1353

vative, PID)VEHIEE A2 &, S0 T A% BORHEE A 2k B
LR E AT Btk Ak, 50 By R S LR A 814 4%
SO s A Y, RV 152 5 B P AT 1 4%, RIS i ek
R AT PR 2R 5 2 HIALRS . SCER (418 A
T b e titg Sk, RAR UG it i [ gt VUL
DT VEARAT R I S B A B, A eSS Al b, ] DAk iy i
TS PR ) A Ao

fEAFFR I, R DL s ar sl 7 6 %
(PIHER AL, (eI AR e I I A2 T 45 )
L, T AR PR A S BRRIZ AR, b2 F 8%
AR, DRk, BB R R VP S ML g ) — I
EEIRbR, ARG R T )2 . TR
L, e T B R L S AR AT IR T, £
13 i i 7 £ VA E vl s R e k= B E SR
TRAT (RIS HR 428 ) SR T LA 43 ok S A il B T 34
PR, b, R 5 B B T 2 Ak I R S g
W RGORE, TSR FEHL RS 1A R =,
BEAESEBR TR, Gl PR AT B 7 =K
FINEETE S PP R (R IR R, T2 N
Mr 22 F ML 92 36l). SinghosefE STk [6]7 B X $& H
Extra-Insensitive(ED)ii AL, F7E3CHR (7170 b4 T
Tt R M E, R 2 L MmN AN
TR EHLT-E B KU AU A T KA
R

X RR FEAL 5, S k2 — 25 A 40
T A BAES P75, IR R T2 K.
FESCHR [11]70, 5 D52l NFH T —Hf 15 38 N 28 A
XI5, 0T ke i (R, ARAT I i e v — A IS
IR HIES A & ZEV A IR i b is 5. % SR TAE
Y s P AEAE R S A BG4, SCHR (12132 T —Fh e
RN v, X PR J775m] D & 4283 5e b i)
Rfig . o TAR AR ENLR S, SCHR 131K sz
JPEFRINH — 45 RERES /NS AT P, STHR (141604
FOEEALI S ASBRIEAT T Wik, fEeIEat ki)
i) g ] DAIE ik 7K P32 S s i O S AL A7 28 42
). 3 LA, P T 85 NAE A Ak LR LR 7 1
HAT TIRNIESL, A AT 0 530 R LT 23 A 164K 2
SRR 2 AL Pz ST Al )
M HBLIR S8 2 /N 2R LI &, Bl ik
AT DU BT i 4 B R AR, SE B Db AR =Gk 5
BLIE 548 e A P L, RV A AP Rt HL 4 il 1
HHT T RSS90 (SR LUGA 1)) i FELMTL P81
KB, NI EUE & 4 T0T0 RS 1 BR B R L (R s, 5
A FEE M BN K.

BRI Xk FE L 2 R 1n) 7, A SCSE TAH
[0 70 BT 754, FF 78 00 75 L8 S B e 20 AR A LML ) R 1
PEH T — BT SEEL G ARG U AL, A 6 2
BRI . BRI, £ Tl =i

FOALICVE L IN IR R A P L (G BURF I 22 | 41105

o) B, T AH - AT AR R T VR AT T s,

HE R B 73 A g, TR HOE I A B X & 4

PUL S HOHAT AL TR, B S T 6 4K

L VASIE A EE LT TS N 3 R A ¢

SN T VLN T AR 32 b AR F AL, MR 2

R e AL 22 /N T°5 mm, TR UG 2440 T 1°

Z W, FATRLF IS br B T i 5.

2 Tk & &= Hliz 17 ¥ 1 7 17 (Analysis
of industry overhead crane operating proper-
ties)

TS E N LN S, TR
F ] i AT A2 RS P A v, LB S N PR U1 BE L,
PRT b 38 e 2 e LRI 1 = B v DABRUAS: R A R 4
IR0 Rk A 24k — B Auze N FH 1 Tl
TN, T 70 AUR AR B0 22, R LA
KRR 72, M LLIA 20U 458 I e, ok o
TR 8 LR R I8 BT 0 PR SR L e
RN

BRI, # DB 2UR =N, 4 T 325
FLEhIEfe, 5 EAR A LSRR PR BRI & 4210
BATEIE. Ry, AR R TN 2 AL AT
TORENE A, a8 AR, T URE B
ATRERE AT DU R 1) BR8N N1 RS, A7 ]
AR R BONE 2) BN ) FE AT R R M LA A R
iil; 3) S AU B PR 22 4) fElsATid Ay
L CERTAIDE AR e 8

HARTM S, DAGEFEHUR A 532 AU,
S S R £ Y ST T4 R A Rl A 4. AR SO
(K132 e 2 EHL G, HERAIKI U] 19 kWb A2
LAy . 2 P 1P, b sl ok HH B ER R
I, ke 2 A rBLIY SRR e, W] LA A N ide i
T2 S B A B LS o 2 i 2 ) A7 A2 55 W S
Jei. ik I E AR W] P A7 AE 100 ms~200 ms
(RISE I, A I B 7 38050 39 g 9 K. T
3 KUIAEAE, S EPIAC I IF A 82 14T, fERX A
BT, BRI 300 B8 A 30 I 2 R My i R, 4
AT AME W ICIA IR P A th 2 e R G, I 2
T Sty AR LU A OGS EY, LURRE 4=
R E MR ZE.

T AR AEN J5 RO, AR 52 Briz ik H bR FLRI ) 391
PRUETCVELRE & 428 I NI AR HARALE. £
XA 1], AR I 5 A g A A i
TR e ETT AR EA T30, A I 2 sl s
B SIEATEE S Z M OCR. T DR TR S
BOGHE TR 2, ME LB RS o b T A R R
ARSI, A T e S e A L Sl AN S S T
ORGP & 2 B IR OGIB. AT A STRIEFE IR 32 (2



1354 ok oE e s N A

33 3%

AR HEAL, 2R 1o D T ied gt 7R S 06 Mo i v ) <k
v, BB dy,” M, 2 B AR RS
Z NI, HAE AT ] DO e 2URAS.

600

500
400
300

200+

£ / (r- min™)

o S

e

100 -

& 1 1 L L 1
0 2 4 6 8 10 12 14 16

t/s
1 HIWLERERSS e SR I

Fig. 1 Motor tracking performance for a preset trajectory
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Fig. 2 Low-speed behavior of a typical asynchronous motor
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Table 2 Comparison of positioning errors of online and
offline trajectory planning

1TRE/m e1/m ea/m
0.002 0.165

6 0.004 0.120
0.003 0.138

0.005 0.131

8 0.003 0.095
0.005 0.118

5 %58 (Conclusions)
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