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Abstract A suction bucket foundation, especially useful at depths of more than 20m, is a method of
construction. The method first places an empty upturned bucket at the target site. Then, the bucket is
installed by sucking water or air into it to create negative pressure. For stability, it is crucial to secure
the verticality of the bucket. However, inclination by the bucket may occur due to sea-bottom
conditions. In general, a repeated intrusion-pulling method is used for securing verticality. However, it
takes a long time to complete the job. In this paper, we propose a real-time suction bucket verticality
monitoring system. Specifically, the system consists of a sensor unit that collects raw verticality data, a
controller that processes the data and wirelessly transmits the information, and a display unit that shows
verticality information of a circular steel pipe. The system is implemented using an inclination sensor
and an embedded controller. Experimental results show that the proposed system can efficiently measure
roll/pitch information with a 0.028% margin of error. Furthermore, we show that the system properly

operates in a suction bucket-based model experiment.
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Fig. 1. Verticality 3D Monitoring System overview
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) AEE = TS At AEEHE = o Table 2. APAX-5580 specifications
g B 7o) AAZEE HolHE il 34 o
System specifications
2 % 1 ZAAE 7 AT A
olHE HAEskaL Y] S JES F/5F APAX-5580-473AE: Intel Core i7
A EAoz ALdlt) tjAZHo)lR e AEEHZHE 4650U 1.7GHz
cPU APAX-5580-433AF: Intel Core i3
HF7T A= Ho[HE Ao} 3DE HAE ol9t 4010U 1.7GHz
= = APAX-5580-4C3AE: Intel
__El/ﬂ 0,]%7]—4,]- /\X]E ;QEI—J X]‘L]-Xq 0] "'L]—OJE’: 7}75_01— Celeron 29808 l.GGIIl{:
Al ok HEEYRSY} qAEolie f/F4 B4 1 slot
Z glo]g £/2=410] 7Rsshe WQA| ¥ro] A Memory 4GB DDR3 StO*IBD(IEI\]/SI;\/I (Maximum
o
:’L"z'i"a]—oq LH UJ og EHO]E1 = ‘l‘—]—tﬂ-}:‘q—~ _?‘7]-2(—4!&0 s BIOS AMI(UEFI)
ﬂEiﬂib ﬂ]éﬂ X—]E—IO" “Jrﬂ} 7]'34'-’] ‘)r\quE' A0 Graphics Intel HD Graphics 5000/4400
2 = Aosh7] Y3l ES 719 of R 1/0xd &9 1x mSATA (for operation system)
= - Storage 1x SD slot (for data storage)
= T 2 o)
AZE WM 4 Ao 1x SD slot (for OS backup)
1x Intel i210-IT GbE
LAN 1x Intel i218-LM GbE, t
Table 1. MTLT105D-R specifications X nte llmel AMT suppor
Seonsor performance 2Zx USB2.0
USB 2x USB3.0
Axes(Tilt) Pitch; Roll 1x USB2.0(internal)
Range £00°, +180° Audio Line Out
Display 1x VGA (1920X1080@60Hz)
Resolution 0.05 ) 1x RS-232/422/485, DBY,
Serial Ports -
Static Accuracy 050 50~115.2kbps
(-40 to 70C) ' PWR, RUN, SATA, UPS, ERR,
. LED Indicators Over Temp.,Abnormal Volt, SYS
Dynamic Accuracy 200 Recovery
(-40 to 70C) ’
. Programmable 256 levels time
Axes(Acceleration) XY Z Watchdog Timer internal for 1 to 255secs
Range(g) +4 . 1x Full-size mPCle slot
Expansion Slot 1x Half-size mPCle slot
Resolution (mg) 0.5 Microsoft Windows 7/8, Linux
OS support K 13X
Accuracy (mg) 110 ernel 3.
(+1g input; -40 to 70C) - Hardware specifications
Programmable Tilt Alarm 13 Dimensions(W x D x H) 128 x106 x110mm
Vout(V) ’ Enclosure Aluminum Housing
Bandwidth(Hz) 50 Mounting DIN-Rail, Wall mount
Electrical Weight(Net) 1.8kg (4.0lbs)
Power Requirement 24VDC+20%
I Voltage(V 2
nput Voltage(V) oto3 Power Consumption 28W(Typical), 72W(Max)
Power Consuption(mW) (400 Operation Temperature -10~60°C
Interface RS-232 Storage Temperature -40~85°C
~050 o
Environment Relative Humidity 10 954)@401 C
(non-condensing)
Operating Temperature(°C) -40°C to 70°C
Non-Operating cco o -
Temperature(°C) 55°C to 85°C 2.2 z;h_'.:l' —Jlk‘x—!E I'"O'|§->IE A|¢l|-:é1| ?‘on_:’
Physical AMBLE 2% 712719 &4o] 71535t ACEINNAjit
Enclosure Plastic —/] MTLT105D-RE *}%BH‘?\E}. Table 12 4‘11/\'1-0’] /\ﬂ
Size(mm) 50 x 40 x 15  AlgFo|tH16]. MTLT105D-R AlA=
Protection Class P67
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Fig. 2. Sensor and Controller parts for verticality 3D
monitoring system
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Monitoting
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Fig. 7. Tilt sensor on circle pipe
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