Rt B+~ F1 8K A1 i
R
Department of Civil Engineering
College of Engineering

National Taiwan University

Master Thesis

P EphdegEhdpe b REERERY 2
A Fast Path Planning Method for Single and

Dual Crane Erections

oy
Chang, Yﬁi'u—Cheng

;}F o B i
Advisor: Prof. Kang, Shih-Chung

PEX 99 & 8 ¥

August, 2010






ﬂi%%kﬁﬁfﬁm X
DRELEeELE

Peik h EAF EIERI Tk

A Fast Path Planning Method for Single and

Dual Crane Erections

AL X AEFHE (RO7521604) AE IS E AL LR
IRELHBALIHRRZBALEMBI HERB 99 %5 A 25
BATHAREEESRBRUOREME » 4FLEH

uiE g
Z\L N M’ (£2)

(4 ##032)

M A%

Vo 4L
14 o

B x4E éﬁ& (&%)







P

AT O A B RREHA D R RRE LR X enip o B

AFT S G ArE S i A R L B T L 8 T ehF B

PP o Y TR AT I RNFSFEOL L AR AT A%
LhRL BV KRPRIIFHEAFTEK I DETT AR EFTY P

PEAEFR TE BT » b R ARBR SR o

Bt P £ 0 2R ked E A BRI F A LA

| =2 n
BT H A B a4 B CAE .lgml AFE 4 G CAE & enle 8

BE & ki 8D ff’“’,fj(? ’“j.biij_ v m?ﬁv,.§+\m/;:r;£f4 4
L

i |

ST T EFTwR o

BT T s A A

3\‘@],{‘ _L,L,\H



I



ABSTRACT

Cranes are essential equipment for lifting objects in construction
projects. There are many challenges in an erection progress such as
collision avoidance and retaining the safe weight loading. To ensure the
safety of entire crane erection process, it needs a precise erection plan for
crane operations. However, to have a good erection plan is a difficult task,
which requires rich experience and many of the detailed considerations.
Engineers need to consider the capacity of crane and avoid all the

possible collisions during the erection.

Therefore this research jaims at. developing a method for
automatically finding the erection -path by utilizing the computer
technology. The proposed method is composed of two steps: The first
step is to convert the scene of ¢rane erection into a-configuration space, in
which the capacity of the craﬁéislbading and +the obstacles in the
environment has been considérgd; fl_le second step is to find a collision
free path in the conﬁguration‘“ space by using ‘probabilistic road map

(PRM) method.

We conducted three tests to validate the proposed method in this
research: The first test and the second test are used to test the feasibility
of the proposed planning method for single crane erections and dual crane
erection, respectively; In the third test, we conducted two scenarios to test
the efficiency of the proposed method and the operational effectiveness of
generated path in dual crane erections. The result shows that the proposed
method is efficient and can generate effective erection path for operating

in near real-time. The method can be appropriately used for both single
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and dual crane erection, which can help engineers to easily plan and

verify the erection strategies.

Keywords: construction crane, path planning, erection actively, dual

crane, robotic.
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Algorithm cObstacleCheck(f, /@) : determine.the configuration(8, @) is C-obstacle

or not

@ : crane cabin rotate angle { ':'-:.
@ : crane boom rotate angle | | M

l: if obstacle collided with boomk@ @) or cabm(G) then
the configuration(8} @) 1§ C-obstacle |
else :
getCablelengthRange(8, @)
if Rpin = hnare then
the configuration(8, @) is C-obstacle
else
the configuration(8, @) is not C-obstacle

B 3.3 cObstacleCheck Algorithm
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Algorithm getCablelLengthRange(6, @) : find cable length range h,,;, and Ay
@ : crane cabin rotate angle

@ : crane boom rotate angle

h : cable length

Ah : cable length increase in each iteration

hpnin : minimal cable length for (6, @)

hinax : maximal cable length for (6, @)

1: h =0

2: repeat

3: if h,,;, notfound then

4. if object(8, @) does not collided with boom(6, @) then
5: hpin < h

6: else

7: h «—h+ Ah

8: end if

9: else

10: if object(8, @) collided with-obstacle;-ground or'cabin(8) then
11: hpax — R o ]

2. dse || == ||

13: h —h+ Ah Im |

14 endif LY [

15:  endif s |

16: until h,,,, found

17:  return hy,,;, and h,g,

B 3.4 getCableLengthRange Algorithm
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@max( W)

boomrotate angle @

@min(W)

' connect
with 8 =0

R, T
R

mmax{W)

boomrotate angle @

@min{W)

cabin rotate angle 8
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Problem 1
Planning method 3D C-space 3D C-space 2D C-space
Genetic PRM PRM
Average planning time (second) 36.33 11.26 0.51
Variation of cabin rotate angle (degree) 71.47 69.81 67.64
Variation of boom rotate angle (degree) 12.29 13.15 10.32
Variation of cable length (meter) 31.51 32.77 26.69
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Problem 2
Planning method 3D C-space 3D C-space 2D C-space
Genetic PRM PRM
Average planning time (second) 59.42 11.32 0.52
Variation of cabin rotate angle (degree) 144.96 143.55 142.93
Variation of boom rotate angle (degree) 24.81 23.22 19.14
Variation of cable length (meter) 106.11 109.78 93.06
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