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BẢN TÓM TẮT 
 

Mục đích của bài báo này là nhận dạng những thông số quan trọng và khảo sát những mối tương 
quan của chúng, trong khi mô hình giàn cần cẩu được tạo dựng. Những phần tử quan trọng trong việc 
tính toán cấu trúc được kể đến như là độ cứng, độ giảm chấn, chuyển vị, tần số riêng. Chương trình 
MATLAB được dùng trong bài báo này. Tuy nhiên, phương pháp bình phương cực tiểu đã không là 
thuật toán phù hợp cho việc nhận dạng thông số của hệ thống giàn cần cẩu, bởi vì tính phi tuyến của 
hệ thống là rất cao .     

ABSTRACT 
 
The main purpose of this paper is to identify the important parameters and to examine their 

relations to one another while gantry crane structure was modeled. The important elements of the 
structural analysis are included, such as the stiffness, damping and its relations to the degrees of 
freedom, the displacement, and frequency responses. MATLAB program is applied in this paper. 
However, the least squares method can not be regarded as a suitable algorithm for parametric 
identification of the large-scale gantry crane system, because the nonlinear character of system is too 
high.  
 
1. INTRODUCTION  
 
GGaannttrryy  ccrraannee  hhaass  bbeeeenn  aapppplliieedd  ffoorr  mmoovviinngg  
ccoonnttaaiinneerr  oovveerr  vvaarriiaabbllee  ppaatthhss  wwiitthhiinn  rreessttrriicctteedd  
aarreeaass..  TThhee  rreevviieeww  ooff  tthhee  lliitteerraattuurree  hhaass  sshhoowwnn  
tthhaatt  mmoosstt  ooff  tthhee  pprreevviioouuss  ssttuuddiieess  ffooccuusseedd  oonn  
ooppttiimmaall  wwaayyss  ttoo  ccoonnttrrooll  tthhee  ccrraannee  ttrroolllleeyy  
ppoossiittiioonn  ssoo  tthhaatt  tthhee  sswwiinngg  ooff  tthhee  hhaannggiinngg  
ccoonnttaaiinneerr  ccaann  bbee  mmiinniimmiizzeedd..  BByy  uussiinngg  tthhee  
mmooddeellss  wwiitthh  tthhee  ffuullll--ssiizzeedd  oorr  rreedduucceedd--ssiizzeedd  
ggaannttrryy  ccrraannee  iinn  tthhee  llaabboorraattoorryy,,  aa  nnuummbbeerr  ooff  
aauutthhoorrss  hhaavvee  ffoouunndd  ssoommee  ssoolluuttiioonnss  ttoo  tthhiiss  
pprroobblleemm  aass  iinn  tthhee  ssttuuddiieess  ooff  KKiimm,,  22000044,,  22000033,,  
22000022;;  WWuu,,  22000011;;  CChhooii,,  22000011;;  AAllbbeerrttooss,,  22000000;;  
HHoonngg,,  11999999;;  LLeeee,,  11999988..  HHoowweevveerr,,  tthheerree  aarree  ssttiillll  
ccoonnssttrraaiinnss  wwhhiicchh  hhaavvee  nnoott  ssoollvveedd  ccoommpplleetteellyy..    

FFiirrssttllyy,,  uunnttiill  nnooww  llaarrggee  ggaannttrryy  ccrraannee  hhaass  
ssppeecciiaallllyy  ddeessiiggnneedd  ffoorr  llooaaddiinngg  aanndd  uunnllooaaddiinngg  
ccoonnttaaiinneerrss  ffrroomm  tthhee  sshhiippss  wwiitthh  1100  ttoo  1188  rroowwss..  
HHoowweevveerr,,  iinn  tthhee  ffuuttuurree,,  tthheerree  aarree  ssiiggnniiffiiccaanntt  
nneeeeddss  ffoorr  bbiiggggeerr  ggaannttrryy  ccrraannee  wwiitthh  2222  oorr  hhiigghheerr  
rroowwss..  TThheerreeffoorree,,  hhooww  ttoo  cchhaannggee  tthhee  ffrraammee  lleennggtthh  

ooff  ggaannttrryy  ccrraannee,,  wwhhiicchh  iinnfflluueenncceess  ootthheerr  
eelleemmeennttss,,  iiss  aa  mmoorree  ccoonnssiiddeerraabbllee  pprroobblleemm..    

SSeeccoonnddllyy,,  tthhee  ffuullll--ssiizzeedd  ggaannttrryy  ccrraannee  wwiitthh  wwiinndd  
eeffffeecctt  hhaass  nnoott  ccoonnssiiddeerreedd  tthhoorroouugghhllyy  iinn  tthhee  
ssttuuddiieess  rreessuullttss..  TThhee  wwhhoollee  ssttrruuccttuurree  ooff  ggaannttrryy  
ccrraannee  iiss  ddiivviiddeedd  iinnttoo  ttwwoo  sseeccttiioonnss::  tthhee  mmoovviinngg  
ssuubbssttrruuccttuurree  aanndd  tthhee  ssttaattiicc  ffrraammeewwoorrkk..  
FFoolllloowwiinngg  tthhee  bbaallaannccee  ooff  ffoorrcceess,,  tthhee  rreellaattiioonnsshhiipp  
bbeettwweeeenn  tthhee  ffiixxeedd  ffrraammeewwoorrkk  aanndd  tthhee  mmoovviinngg  
ssuubb--ssttrruuccttuurree  ccaann  bbee  ssiimmpplliiffiieedd  iinnttoo  ttiimmee--vvaarriiaanntt  
mmoovviinngg  ppooiinntt  llooaaddss..    

DDuurriinngg  tthhee  ooppeerraattiioonn  ooff  tthhee  ggaannttrryy  ccrraannee  ssyysstteemm,,  
tthhee  mmoovviinngg  ssuubbssttrruuccttuurree  iiss  ssuubbjjeecctteedd  ttoo  wwiinndd  
ffllooww;;  iitt  mmaayy  iinnccrreeaassee  vviibbrraattiioonn  oorr  ssuuddddeennllyy  
ddeefflleecctt  iittss  mmoottiioonn  iinn  wwiinndd  ffllooww  aarroouunndd..  
TThheerreeffoorree,,  ttoo  uunnddeerrssttaanndd  tthhee  ddyynnaammiiccaall  
bbeehhaavviioorrss  ooff  tthhee  hhaannggiinngg  ccoonnttaaiinneerr  uunnddeerr  wwiinndd  
eexxcciittaattiioonn,,  tthhee  bbaassiicc  wwiinndd  pphheennoommeennaa  nneeeeddss  ttoo  
bbee  cclleeaarrllyy  uunnddeerrssttoooodd..      

IInn  aaddddiittiioonn,,  ddeessiiggnniinngg  aa  ggaannttrryy  ccrraannee  iinncclluuddeess  
ddeessiiggnniinngg  ssttrruuccttuurree,,  tteessttiinngg  vviibbrraattiioonn,,  mmaakkiinngg  



 

ggaannttrryy  ccrraannee,,  iinnssttaalllliinngg  ccoonnttrroolllleerr,,  aanndd  rree--
ddeessiiggnniinngg..  IInn  tthheessee  sstteeppss,,  ccoonnttrroollllaabbiilliittyy  hhaass  
bbeeeenn  iiggnnoorreedd,,  eevveenn  tthhoouugghh  tthhiiss  iiss  aann  iimmppoorrttaanntt  
ppaarraammeetteerr  iinn  ooppeerraattiioonn  ooff  ggaannttrryy  ccrraannee  iinn  
pprraaccttiiccaall..    

IInn  tthhiiss  ppaappeerr,,  wwee  hhaavvee  pprrooppoosseedd  aa  mmooddeelliinngg  
mmeetthhoodd  bbyy  uussiinngg  vviirrttuuaall  ssiimmuullaattiioonn  ttoo  iiddeennttiiffyy  
tthhee  iimmppoorrttaanntt  ppaarraammeetteerrss  ooff  llaarrggee--ssccaalleedd  ggaannttrryy  
ccrraannee..  DDeeppeennddiinngg  oonn  tthhee  eexxppeerriimmeenntt  rreessuullttss,,  
ssyysstteemm  iiddeennttiiffiiccaattiioonn  iiss  uusseedd  ttoo  iiddeennttiiffyy  
ppaarraammeetteerrss  ooff  ggaannttrryy  ccrraannee  iinncclluuddiinngg  ddaammppiinngg  
aanndd  ssttiiffffnneessss  mmaattrriicceess..  MMAATTLLAABB  pprrooggrraamm  iiss  
aallssoo  aapppplliieedd,,  wwiitthh  tthhee  lleeaasstt  ssqquuaarreess  mmeetthhoodd..  
HHoowweevveerr,,  tthhee  lleeaasstt  ssqquuaarreess  mmeetthhoodd  ccaann  nnoott  bbee  
rreeggaarrddeedd  aass  aa  ssuuiittaabbllee  aallggoorriitthhmm  ffoorr  ppaarraammeettrriicc  
iiddeennttiiffiiccaattiioonn  ooff  tthhee  llaarrggee--ssccaallee  ggaannttrryy  ccrraannee  
ssyysstteemm,,  bbeeccaauussee  tthhee  nnoonnlliinneeaarr  cchhaarraacctteerr  ooff  
ssyysstteemm  iiss  ttoooo  hhiigghh..  

 
2. DYNAMIC SYSTEM 
 
The procedure of dynamic modeling is shown in 
Fig.1. The inputs for system are measurements 
including wind pressure, motor torque, etc., 
while the inputs for system reaction are 
displacement, strain, stress. To model the system 
reaction as the output signal from the system 
inputs, a transmission through the object has 
been modeled.  
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Fig.1 Dynamic Modeling 
 

 

3. SYSTEM IDENTIFICATION 
 
Generally, process identification, which catches 
some of the most important properties of the 
process behavior, is based on step response 
analysis.  

System identification, as shown in Fig. 2, can be 
achieved when the inputs as well as the output 
signals are available as measured quantities. 

 

System Identification

Physical
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Physical
structure unknown

Definition by
weight functions

Definition by
differential equations

Parametric
identification
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Fig.2 System identification 

 

There are two kinds of models including 
parametric model and non parametric model. 
The parametric model (white box) is the model 
in which the transmission of the signal through 
the object is supposed to be known and can be 
described by differential equations. In non 
parametric model, on the contrary, modeling 
geometrical and the physical structure of a 
system can not be established except by the 
sense of regression and/or correlation analysis 
(behavior model). System identification means 
that determining the regression or correlation 
coefficients. Non-parametric models are called 
black box models because system identification 
is based not only on measurements but also on 
mechanical model. It is symptom but no model 
orientated.  



 

4. PARAMETERS IDENTIFICATION 
OF GANTRY CRANE 

4.1 Analytical Model 
IInn  FFiigg..  33,,  XY   iiss  tthhee  ffiixxeedd  ccoooorrddiinnaattee  ssyysstteemm  
aanndd  ˆ ˆ( , )X Y iiss  tthhee  ttrroolllleeyy  ccoooorrddiinnaattee  ssyysstteemm  
wwhhiicchh  mmoovveess  wwiitthh  tthhee  ttrroolllleeyy..    

The equations of motion of a two-dimensional 
gantry crane are obtained by Lagrange’s 
equation as follows: 
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 From Eqs. (1) and (3), the functions 

bellows are received  
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where ,x lC C  denote damping on x -axis and 

along cable;  ,mx mik k  denote stiffness along 

cable. 

We assume that we observe the set of outputs 
and inputs  
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 We obtain equation  

 T yφ θ =  

4.2. Experimental Model 
The model used for this case is shown in Fig. 4.  
Firstly, the container moves along the y -axis, 

from A  point to B  point, then travels along the 

x -axis, from B   point to C  point, and finally 

moves along the y -axis, from C  point to D  

point. 

In Fig. 5, driving forces T
xF and H

lF  are installed 

by joysticks. Displacement of trolley and length 
of rope are obtained by two encoders. Results of 
swing angle and driving forces are obtained by 
potential.  

By using microcontroller (ATMEGA128), the 
experimental model is defined in Fig. 5. The 
parameters are as follows: length of rope is 

1.11[ ],l m=  acceleration of gravity is 



 

29.81[ / ],g m s=  mass of trolley is 

100 [ ],M kg=  mass of container is 

60 [ ]m kg= ,  respectively.  
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4.3. Results  
Depending on the experiment results, 
system identification is used to identify 
parameters of gantry crane including 
damping and stiffness matrices. MATLAB 
program is also applied, with the least 
squares method. 

 

4.3.1. Case 1  
The driving force (by using joystick in 
experimental result) are put in Figs. 6-7. 
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Fig. 6 Driving force  T
xF  
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Fig. 7 Driving force H

lF  
 
We obtain the results :  
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4.3.2. Case 2  
The driving force (by using joystick in 
experimental result) are put in Figs. 8-9.  

0 5 10 15
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Time [s]

Fo
rc
e 
[N
]

Driving force x-axis

 
Fig. 8 Driving force  T

xF  
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Fig. 9  Driving force H

lF  
 
We obtain the results  : 
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4.3.3. Case 3  
The driving force (by using joystick in 
experimental result) are put in Figs. 10-11.  
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Fig. 10 Driving force T

xF  
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Fig. 11 Driving force H

lF  
 

We obtain the results:  
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4.3.3. Case 4  
The driving force (by using joystick in 
experimental result) are put in Figs. 12-13. 
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Fig. 12 Driving force T

xF  



 

0 5 10 15
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Time [s]

Fo
rc
e 
[N
]

Driving force along cable

 
Fig. 13 Driving force H

lF  
 

We obtain the results :   
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5. CONCLUSIONS 
 
IInn  tthhiiss  ppaappeerr,,  wwee  hhaavvee  pprrooppoosseedd  aa  mmooddeelliinngg  
mmeetthhoodd  bbyy  uussiinngg  vviirrttuuaall  ssiimmuullaattiioonn  ttoo  iiddeennttiiffyy  
tthhee  iimmppoorrttaanntt  ppaarraammeetteerrss  ooff  llaarrggee--ssccaalleedd  ggaannttrryy  
ccrraannee..  DDeeppeennddiinngg  oonn  tthhee  eexxppeerriimmeenntt  rreessuullttss,,  
ssyysstteemm  iiddeennttiiffiiccaattiioonn  iiss  uusseedd  ttoo  iiddeennttiiffyy  
ppaarraammeetteerrss  ooff  ggaannttrryy  ccrraannee  iinncclluuddiinngg  ddaammppiinngg  
aanndd  ssttiiffffnneessss  mmaattrriicceess..  MMAATTLLAABB  pprrooggrraamm  iiss  
aallssoo  aapppplliieedd,,  wwiitthh  tthhee  lleeaasstt  ssqquuaarreess  mmeetthhoodd..  
HHoowweevveerr,,  tthhee  lleeaasstt  ssqquuaarreess  mmeetthhoodd  ccaann  nnoott  bbee  
rreeggaarrddeedd  aass  aa  ssuuiittaabbllee  aallggoorriitthhmm  ffoorr  ppaarraammeettrriicc  
iiddeennttiiffiiccaattiioonn  ooff  tthhee  llaarrggee--ssccaallee  ggaannttrryy  ccrraannee  
ssyysstteemm,,  bbeeccaauussee  tthhee  nnoonnlliinneeaarr  cchhaarraacctteerr  ooff  
ssyysstteemm  iiss  ttoooo  hhiigghh..  
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