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Dynamic Behavior Character of Vessel Using DGPS and Motion Sensor
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Abstract

Multibeam Echosounder system is the latest technology of a hydrographic survey utilized in producing an electronic
nautical chart, obtaining a DEM with high precision, making a moving image by Swath surveying a wide area. As
a fundamental study for improving the precision of MBES, we compared and analyzed measurements of DGPS and
Motion sensor, and studied for the dynamic characteristics of vessel's movements. DGPS was installed in front and
in the rear and on both side of the vessel and surveyed. The receiving precision of surveyed GPS results was obtained
to the satisfactory extent that was possible to valuate the accuracy of Motion sensor as 0.0016°f the roll value and
0.0009°0f the pitch value. The relationship between the values of heading, pitch, and roll in Motion sensor and the
data of DGPS was proportional correlation, In addition, it is considered that deviations by elements like rapid turning
and vibration of the vessel will be occurred, although the correlation of each deviation according to each amount of
change is proportional. Tt is suitable that GPS installs in the central line of the vessel that is less affected than other
places by waving because the amount of change in the tide level obtained from GPS survey and the value of heave
are similar with the values taken by Motion sensor, and the velocity of GPS is different from installed places. The
accuracy of the final result from MBES could be affected by the values of gyro and Motion sensor inputted to MBES
processor because there were intervals of 15s and 13s of receiving time in gyro and Motion sensor respectively compared
with the real-time measurements of DGPS.
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Table 1. List of equipment for research

Fig. 1. Research site and track course
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Fig. 2. A research equipment photo

el 45 FA/ARET Bl 1
Ashtech Z-FX 7124 2239} 0.5cm+1ppm 155 GPS
Ashtech Z-Surveyor A #= 221} 0.5cm+1ppm 153 GPS
Trimble 5700 #HE B5 2%} 0.5cm+1ppm 153 GPS
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e B RESAY] 22E(18.16m/4.4m)
Geodimeter 3602DR GPS teub vz % 2"/ 2m+2ppm

F124 455 20044F 127



DGPS$} Motion SensorE ©]-83t Aut 52 A5EA 37

5.525 8.688

= 1 2
4.102
5.499 8.704

Q.
T

Fig. 3. Equipment installation

2.2 E
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Fig. 4. MBES coordinate system
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Table 2. The point distance descriptive statistics (F:front, RE:rear, R:right, L:left, unit:m)

TH FoR FeoL RoL RE©L RE©R | RE<F
A% 1801 1801 1801 1801 1801 1801
B e 8.7035m 8.6881m 4.1017m 5.5246m 5.4915m 13.5620m
v +0.0004m £0.0004m £0.0002m +0.0005m +0.0005m £0.0003m
EZ2HA 0.0158m 0.0152m 0.0064m 0.0180m 0.0173m 0.0121m
EE 0.11m 0.11m 0.05m 0.12m 0.10m 0.07m
HAag 8.86m 8.63m 4.08m 5.47m 5.45m 13.53m
oz 8.76m 8.74m 4.12m 5.59m 5.55m 13.60m
7t g 0.0018° 0.0017° 0.0016° 0.0033° 0.0032° 0.0009°
1 Rollzt PitchZt

A5 AeE vlgle 2 AR E ZF Hsin 1l 7)4% A gt
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Table 3. DGPS Processing Result (F : front, RE : rear,

R : right, L : left, unit : m)
T2 71&38| F RE R L
SPAT L 0.001
PAATE 0.002
ref. variance 0.786 | 4227 {5485 | 4.897 | 5.0
Variance ratio | 21.50 {19.023| 6.503 | 4.898 | 3.031
RMS 0.011 1 0.005 | 0.005 | 0.008 | 0.008
D e 8.1 8.1 7.8 8.1 7.9
PDOP 2.0 2.0 2.2 2.1 2.1

2.3 HeadingZfof| tist H|m - &t

B o]l AF8-HE Anschutz STD 20 Rjo]ZojA] &
o ZHAN DT A, T, F, S GPS 2749 Xip, Yig2h
Xiwny Yien (FrXen= tA7F9] A8 GPSQ) XHSFRE
T e AR TES WA, AF, #e GPS 29
Xty Yiip 2 Kooty Yee S AFETF 229 Wpajoz A5
FEATE Bl ZASIT 2AGSAAN Ut
GPSZH Fig. 53 Zrom 152 AlZEt 9lgich Azt
ARz GPS 24 Aoflofl tivlste] Azt =z A=lelA] ¢
I 9k 152 AZAE 7R3 H2s)] ulo) YhAlel: A
o2 A=

Table 4& vlgtoz &9l v}
o|Z ¥} vjuste] B TEY] w2
7re) 0.995~0.999% W& 2]

l_l_]- _‘?L_,_‘_] Hol-/ﬁl—%
o] 9 AA
S 2 headingZ+2 At

D

o

HI248 A% 20044 12H

gro] F3|Ashe A9 1 FEETt iR Wolxl=
RS BT 0|2t HS Apo|RollA dnbH o= v

st

200

250

P00ss

=g

s
] ] E] ] e % s w S

i v £ Fee seal b e U

Fig. 5. GPS heading measurements vs. gyro heading
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Table 4. Pearson's correlation coefficients for the heading angle

e B4 5294 U
F Re R L ReL F—RE
F 1.000 0.991 1.000 1.000 0.999 0.999 0.999
Re 0.991 1.000 0.992 0.992 0.991 0.990 0.995
R 1.000 0.992 1.000 1.000 0.999 0.999 0.998
L 1.000 0.992 1.000 1.000 0.999 0.999 0.998
ResL 0.999 0.991 0.999 0.999 1 1.000 1.000
F—RE 0.999 0.990 0.999 0.999 1.000 1 1.000
Az 0.999 0.995 0.998 0.998 1.000 1.000 1

o] WAYSH BAMSAE AATAZ ARF O Ao|2
2 0]85}9] headingZhe AFSF A9 Alute] T3]As|A
oy slojo} 3F Ao w AlEgriSeaBeam, 2004).
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Table 5. Pitch and roll correlation factor and angle's
variance correlation facto

AR GPsel BA%
ae |3 asw 2wy e 5T

R R RE I

(m)

. GPS 0.963|-0.640410.5977| 0 |0.164
Piteh SB[ 0.479 | -2.6408 [ 24378 | 0 10.751
Roll GPS 0.975 :1.4904 1.7185] 0 |0.375
ZhsH A | 0.660 | -1.2454 | 0.9897 | 0 | 0249
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Table 6. Wave height statistics

o B[ H20 | A% B2 lwaun] 24

m| m | m | m | m | (m
F |1.10| -056 | 0.54 |-0.001| 0.154 | 0.024
RE |0.80| -046 | 034 |-0.011] 0.103 | 0.011
R |1.01| -0.52 | 049 | 0.004| 0.113 | 0.079
L 1097| -047 | 050 |-0011] 0.120 | 0.020
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Fig. 15. Heave and induce heave diagram(®},2004)

Table 7. Heave vs GPS Hyy correlation factor

2 : ®EHA
R I E 3 R
F | 0807 | -04389 | 03873 | 0 | 0.0907
RE | 0615 | -0.3345 | 02892 | 0 | 0.0813
R | 0624 | 03987 | 03517 0 | 0.0885
L | 0830 [-02182 03201 0 | 00674

g
=
w. ~.B
-8 “a -z -0 z 4 &
HEAVE
Fig. 16. Heave and the Hy detected by the front GPS
device

B RS R



42 4

RE.GPS

~& -4 ~2 -0 .2 .4 8

HEAVE

Fig. 17. Heave and the Hy, detected by the rear GPS device

LGPS

-8 ~.4 -2 -0 .2 4 R
HEAVE

Fig. 18. Heave and the Hy detected by the right GPS
device

RGPS

Fi

-

g. 19. Heave and the Hy, detected by the left GPS device

2.6 =9 GPSQ| x|

GPSE o|-85}0] AH9] Vi, Vi, Vi, Vig (T Vig
= A% GPSo A £m)E AHgsin AT 3
e A Vi, Vew, Vi, Vies Ao T3 AFS
WAk 22y Fig. 20004 F477HE defsts 49
Vi, Vigz B18Tgke] whet 57 32 A= sh= 7
S HAr} Fig. 212 Adho] Az o I3 H$

1248 458 20044 124

B o2& o= et FH-)9 FRF Viy-Vips
E4%F Ailo|t}. Table 804 Auke] 3]Hof ©}2 &
W3l AgAS: ol 0.997 24 SAABRAS 713k 1
B2 Auke] ool AX|shz ¢ Aus o] F3E
dro} &w 718 AAstr] ofgth

7y ZRAAAER RS AAIRE A3t Vig, Vig
9] AT} 0.941 0] 2L Vi, Ve 2] A7 0.992
o|lBE FAMAE et X3k Aol e A st=
AECH R &= ghS AP T ¢ UE AoE AR
=k Vi, Vipgke] ABaA7E % ol 31213
w2} Vi, Vigdhe Vavery £d(Vig-Vig)2 2 AP E o] AF
A7 A4 AXgE ARG AFoeR Yot
JEEE, EEAZE 95t GPSE AA|gl= F¢ A

aeove

——LHE -M-RBFLE o FRE -we-RERE

Fig. 20. Observed each GPS speed (Vig, Viety Vi Vi)

%
I - T

Difference of spesd

i

4 %
Fig. 21. Heading change vs Viy-Vip

Table 8. Vessel speed correlation value by GPS

e L&% R&E F4E | RESE
L 1 0.941 0.982 0.982
R 0.941 1 0.980 0.982
F 0.982 0.980 1 0.992

RE 0.982 0.982 0.992 1
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