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Abstract: Due to the effect of geological structures, tide and tidal currents, the stability of inshore seabed is always a problem 
especially for the large engineering construction projects such as inshore wharf, nuclear power station, etc. Underwater 
deformation monitoring has its special value relative to onshore monitoring. In the traditional method for monitoring seabed 
stability, it is difficult to acquire centimeter level accuracy, especially in vertical direction. This paper presents a precise method 
for monitoring seabed stability. Several techniques are integrated in this method, such as GPS RTK/PPK, precise sounding, 
inertial navigation, attitude correction and quality control. The study has proved that this method can provide 7-centimeter 
accuracy, and can be really used for precise seabed monitoring.
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1Introduction

With the rapid development of China’s economy and the 
rapid increase in the number of port projects, the requirement 
for monitoring the stability of inshore seabed, which is liable 
to the inshore geological structure, tide and tidal current, has 
become very important. For a long time, the seabed stability 
monitoring has been carried out by the comprehensive GPS 
positioning and sounding. We can analyze seabed change and 
its construction stability by the comparison of surveying 
results for the different time periods. Differential GPS with 
meter-level accuracy is often adopted in monitoring. 
Whereas in sounding, echo sounding system is normally 
used. If the sea sound velocity and the instrument 
performance are ideal, sounding accuracy can reach 10 - 20 
centimetres for the depth in the range of 20 meters 
(Demartines and Herault, 1997; Jensen et al., 1994; Duncan, 
2003). With the increase in depth, the accuracy will decrease. 
Contrary to the land monitoring, the seabed vertical reference 
in the hydrographic survey is instantaneous and changes with 
tide, and can be provided with tide reading by tide model 
(John and Clarke, 1996). However, the model accuracy is 
often influenced by special tidal rule and can only reach about 
10-centimetres accuracy in general. Therefore, the traditional 
underwater monitoring method does not meet the accuracy 
requirements for precise monitoring of seabed evolution 
(Zhou et al., 2001). In order to realize centimetre-level 
monitoring, a new method of system construction is 
introduced in this paper.

The system for underwater precise monitoring consists of 
GPS and sounding system. The attitude sensors, inertial 
navigation system, and sound velocity profiler (SVP) are 
important auxiliary components. The RTK (Real Time 
Kinematic) is applied in the inshore monitoring, and the PPK 
(Post Processing Kinematic) is used for the faraway sea 
monitoring. In order to improve the sounding accuracy, 
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Figure 1 Filter of sounding data drawing (The unit of depth is meter).

narrow beam echo sounder is applied. Three dimensional 
output system, the MRU (Motion Reference Unit) is chosen 
as attitude sensors for acquisition of Roll, Pitch and Heave 
parameters of vessel. The inertial navigation system is used to 
acquire the vessel’s heading, velocity and acceleration, which 
are applied to compensate horizontal abnormal solutions led 
by RTK or PPK satellite unlocking. 

2.Key technologies for data processing

2.1 Quality control

Due to seabed terrain and environment, echo signal often fails 
to detect the sea bottom which leads to abnormal or false 
sounding data. In order to avoid abnormal depth, taking original 
sounding observation series with 5Hz sampling rate as 
reference along with minimum grade and angle threshold, we 
can find and eliminate abnormal sounding data. As shown in 
Figure 1, the original sounding observation series from sounder 
has 5Hz sampling rate, and sounding records or event marks 
can be drawn out from the original sounding observing series. 
Thus, according to original sounding observation series, 
abnormal sounding records can be found and modified.

Vol 3 No.2 October 2009Vol 3 No.2 October 2009 ISG Journal of GeomaticsJournal of Geomatics iv


	Page 1
	Page 2
	Page 3
	Page 4
	5: Paper 1
	Page 6
	Page 7
	Page 8
	9: Paper 2
	Page 10
	11: Paper 2
	Page 12
	Page 13
	Page 14
	15: Paper 3
	Page 16
	17: Paper 3
	Page 18
	Page 19
	Page 20
	21: Paper 4
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	27: Paper 5
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	35: Paper 6
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	43: Paper 7
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	51: Paper 8
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	ISG-OCT'09 title.pdf
	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4


	ISG-OCT'09 title.pdf
	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4


	Part 2.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	5: Paper 1
	Page 6
	Page 7
	Page 8
	9: Paper 2
	Page 10
	11: Paper 2
	Page 12
	Page 13
	Page 14
	15: Paper 3
	Page 16
	17: Paper 3
	Page 18
	Page 19
	Page 20
	21: Paper 4
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	27: Paper 5
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	35: Paper 6
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	43: Paper 7
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	51: Paper 8
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	ISG-OCT'09 title.pdf
	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4


	ISG-OCT'09 title.pdf
	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4



	Part 3.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	5: Paper 1
	Page 6
	Page 7
	Page 8
	9: Paper 2
	Page 10
	11: Paper 2
	Page 12
	Page 13
	Page 14
	15: Paper 3
	Page 16
	17: Paper 3
	Page 18
	Page 19
	Page 20
	21: Paper 4
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	27: Paper 5
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	35: Paper 6
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	43: Paper 7
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	51: Paper 8
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	ISG-OCT'09 title.pdf
	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4


	ISG-OCT'09 title.pdf
	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	ISG-APRIL-09-COVER-FINAL.pdf
	Page 1
	Page 2
	Page 3
	Page 4






