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JHOD’s efforts toward the practical application of remote sensing technologies for depth measurement”

Haruka OGAWA *', Yoshihiro MATSUMOTO**, and Hiroyuki YAMANO*’

Abstract

Since the introduction of the first airborne LIDAR system in 2003, the Japan Hydrographic and
Oceanographic Department (JHOD) has been operating airborne LIDAR bathymetry (ALB) in shallow
waters where multibeam echosounding by survey boats would be difficult or inefficient. In 2020, the JHOD
is to deploy its third airborne LIDAR system together with an aircraft exclusively engaged in hydrographic
surveys, which is expected to improve the efficiency of ALB. Since 2014, the JHOD has been conducting
research on Satellite Derived Bathymetry (SDB), another remote sensing technology for depth
measurement, focusing onits application to hydrographic services. SDB is a technology designed to
extract water depth information from visible satellite images, and its cost effectiveness and rapidity has
been attracting hydrographic offices and IHO in recent days. This review outlines the JHOD'’s efforts at
designing a practical application of remote sensing technologies for depth measurement, namely ALB and
SDB.
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Fig. 2. System overview and major specifications of
CZMIL.
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Fig. 3. System overview of Nova.
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Table 1. Comparison of the specifications between
SHOALS, CZMIL, and Nova (based on Kawai
(2015)).
#1. SHOALS & CZMIL, Nova ®VEfEIb#k# Gié&
(2015) 12X %).

SHOALS CZMIL Nova
Total weight 200 kg 500 kg 300 kg
Aircraft Beechcraft King Air 350 | Bombardier DHC-8-Q300 | Beechcraft King Air 350
Laser rate 1,000 shot/s 10,000 shot/s 10,000 shot/s
Refracting telescope Refracting telescope Refracting telescope
(10 cm diameter) (20 cm diameter) (20 cm diameter)
Scan pattern Circular arc Circle Circle
Sounding density 5x5m 2x2m 2x2m
Topographical density 5x5m 0.7x0.7m 0.7x0.7m
Depth range 2 x Secchi depth 2 x Secchi depth 2 x Secchi depth
Swath width 230 m 298 m 298 m
Data volume 1.5 GB/h 350 GB/h 350 GB/h
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Fig.4. Survey data at Miyako Bay obtained by
SHOALS.
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Fig.5. (a) Survey data around Hateruma Island
obtained by CZMIL. (b) Magnified view of (a),
showing the northwest offing of Hateruma
Island. (c) Magnified view of (a), showing the
area off the Hateruma fishing port.
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Fig. 6. Bathymetry at Ago Bay in Ise-Shima obtained

by CZMIL.
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Fig.7. Bathymetry around Nishinoshima Island
obtained by CZMIL.
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Fig. 10. (a) WorldView-2 satellite image used for SDB
off Kamakura, obtained on 28 December 2013.
(b) SDB off Kamakura (JHA, 2017).
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Fig. 11. (a) Landsat 8 satellite image used for SDB at Kashiwazaki port, obtained on 4 June 2013, Path: 108, Row: 34.
(b) SDB at Kashiwazaki Port. (c) Various layers used for operation. (d) Operation result of Chart Adequacy.
(e) Chart Adequacy obtained using improved VT and HC layers.
11. (a) SDB A L7211l ds 554 @ Landsat 8 7 2 Hif§ (2013 4F 6 H 4 Hifi, Path: 108, Row: 34). (b) #
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Photo 1. Lidar and Satellite Derived Bathymetry
Workshop.

BRI fif R GHEEKE (SDB) KUY L — il #
(LIDAR) 7—2 ¥ 3 v 7OT-

J—=2vayINETIVAA, XEF L4, HiFE
(&), AV FAT7, HER, =L—37, 74
¥y, wE, T UHR—V, ¥4 DE 10 22,
12%0BMBEDHY, VE— Ly v TEMO
I %> BathymetryMapper 2.0 % J \» 72 SDB ®
FE, MiZEL — MR T 2RI ER S
(Photo 1).

33 FELHESHDEM
WFETEHGECIE, B EHCEB~OFH % Wik
%72 SDB Ot % 2014 0 547> C& 72, <V
F U — AR HZE L — M & Lk L < SDB
THE SN B IKEDOENLE DA S 1K E
<, BB IK I 0 i 3% % THO S44 % 5 it (THO,
2008) Ziii/-E VI ERS, BRANORMICIE
S R\ —C, SDB Ok & ML v
o, BEEH S L CoFH R CA O FFf
VEEIR - RO JEER ORIGE TIE AR T
&5, T/, WHHEoOWE LT, KEOHNT
¥y e LTSDBZRHTREST S KA YD
EOMAP ® & 9 @ b BEICH B L Tw 5.
UKHO T3 Z 9 L T TIER S 5 SDB Dk
EEERENLALECHERICEHALTWS
(EOMAP, 2019).

3.2 fii Cah X7z SDB T FE 1 HAKET —

& LCHEMAKEZ A, WA X > TR
N RGO KEMEEZHEET 2SO TH LAY, [
IR ST, SUyFLT7FLAIDLED
Ze BEMAEE 7OV ) X 2R G COKEHERE € 7 v
T LT X Y MO B WHEER RS
Nb eI MEH 5 (H 21X Manessa et al.,
2016). % 7z, Sagawaetal. (2019) 1, BEHF D
IKEET — & 2SR T BE 7 AR BT D v TR
DR 7% B 2B O R % B X AT
L, —BAbL72KiEHEEE T VA REEST L T2
REL, EVEOEWIERICBU 2 HMEZ R L
7z, I E CORBRWGIEETETIE, BfEOK
W7 — 7 AR CTR WA, dHgisic
EENTERS, 50912 T b KR D FEME % iS5
TAHLEND Y, AHEMERLHENE KX e
Wo 2 E— bRV YV IORBEZBLITWVS
B, — AL L 72K E £ 7OV 3 HESE T & g,
29 L72Eiasib i, SDB o FJH w] gtk 25—
JBIEASHTHA).

WREWEGZIUST 5 Ol TR, [F0nb]
(ALOS) OiMkbEE LT 2020 SEEH B EIF P
O [72vh 35 ] (ALOS3) &, ORI
BOWHEE 7D LS, KPOMEL D 0.4 -
0.45 pm D48 Coastal band % Fr 7212 L T
BY, IBREBICBUIZKEH#EEZIILDE L
M4 B ToRMAPNMEIN TS (JAXA,
2020). 251, Ny FERETFILE Y MO
MmO o ORFEMIE S #HATEY, SDB
TR DHE TE A BE R HE 7€ W R 2 PR BE D [F) L2345 #2 10]
fFshs.

EFRTHIA L7z & 9 12 SDB D ety % 2%
U oESAIHEE L, SDB oML i
ATV EEZLND., Ihpo b RN
SDB (29 2 @)l & B>, 7 SDB OFEH
ZHIBEL T LERHLEAS.

4 BbHiI(Z

WAE) B— M v ¥ v FHAT IR 2 AL
JRE, THHGEEHM OREICL Y, HAREHAH
HELL, L - BEALDHEA TV S, R

_42_



JHOD s efforts toward the practical application of remote sensing technologies for depth measurement

BEMOL MG BIIF 2RO LI T, W
HMEB SRR TEDL LR, The
NORMEFHROENEZMAGDLEL I LITL -
T, RO I VIR#EEFEZIT) T L D WEEIC %
5. WETEHRIBIEIE S b OREHM A2 KIES LS
LB, TYMNY =Y U TLHBICANTE
B EROBM A ER L, e e B 2 FAs o T
BA - FHL TS RERHL7EH 9.

& B
KBV T 2 12H72Y), EXHOEHEICH
B I E CHEE WL LT, AT
MEiCgEEsnEF Lz, SR L TE#HwALE
R

X ®

PO - AR BLA - AR B - (R EE (2019)
fi AL e 2 K% (SDB) % FIH L 72 Chart
Adequacy D FFAi LIV T, EEE N ST 5L
Hiis, 57, 75-86.

Benny, A. H. and G. J. Dawson (1983) Satellite
imagery as an aid to bathymetric charting of
the Red Sea, The Cartographic Journal, 20, 5-
16, doi:10.1179/caj.1983.20.1.5.

EOMAP (2019) Satellite-Derived Bathymetry in
Hydrographic Surveys, paper presented at
16th Meeting of the South-West Pacific
Hydrographic Commission, SWPHC, Alofi,
Niue, 13-15 Feb, 2019.

R e (2019) BELENC BT 2 ABEEE) FTo
B BN - F o E G
EXPO2019 HAB W &EL - HAY E— b
YUYV TREY VRY Y A [REEREIG
& R EREBIN ), AT, 2019 4F 11 ) 28 H.

IHB (2013) Satellite derived bathymetry, paper
presented at 5th Meeting of the IHO-Inter
Regional Coordination Committee, IHO IRCC,
Wollongong, Australia, 3-4 June 2013.

IHO (2008) IHO Standards for Hydrographic
Surveys 5th Edition, Special Publication No.

44, 28pp., International Hydrographic Bureau,
Monaco, Feb. 2008.

IHO and I0C (2018) The IHO-IOC GEBCO Cook
Book, IHO Publication B-11, Monaco, Sep.
2018, 416pp. - IOC Manuals and Guides 63,
France, Sep. 2018, 429pp.

JAXA, JeH#etzfi 2 [72w5 35 ] (ALOS3),

https://www.jaxa.jp/projects/sat/alos3/

index_j.html, Z# 2020 4-8 H 1 H.

T8 - PR R - TR AR (1994) 7 & F

Yoy b T = F I X DR v TR &

KRN, BEMEEYE— by V7,

33, [4], 23-31, doi:10.4287/jsprs.33.4_23.

FHEF A A - BERSEAE - SEH—3E - TN B - B
HEZ (2008) EE O -2 ZE L2
R & 2 KRB T, KL
£, 52, 895-900.

WERF] (2015) Fr7ziZEA Lzfize L — bl
B [CZMIL] D#idr, EFEAs A 78R
52, 27-32.

Klemm, A., S. Pe'eri, C. Sartor, J. Nyberg, and J.
Barber (2016) Chart adequacy procedure

>

using publicly-available information, paper
presented at Canadian Hydrographic
Conference, Halifax, Canada, 16-19, May
2016.

Wi TEHEGR (2018) Va2 BWRIZHE D #iATR 41
& B OFEAT, W8 G, 55,
110-115.

Lee, Z., K. L. Carder, C. D. Mobley, R. G. Steward,
and J. F. Patch (1998) Hyperspectral remote
sensing for shallow waters: I. A semianalytical
model, Appl. Optics, 37, 6329-6338,
doi:10.1364/A0.37.006329.

Lee, Z., K. L. Carder, C. D. Mobley, R. G. Steward,
and J. F. Patch (1999) Hyperspectral remote
sensing for shallow waters: II. Deriving
bottom depths and water properties by
optimization, Appl. Optics, 38, 3831-3843,
doi:10.1364/A0.38.003831.

_43_



Haruka OGAWA, Yoshihiro MATSUMOTO, and Hiroyuki YAMANO

Lee, Z., L. C. Kendall, R. F. Chen, and T. G.
Peacock (2001) Properties of the water
column and bottom derived from Airborne
Visible Imaging Spectrometer (AVIRIS) data,
J. Geophys. Res., 106, 11639-11651,
doi:10.1029/2000]JC000554.

Lyzenga, D. R. (1978) Passive remote sensing
techniques for mapping water depth and
bottom features, Appl. Opt., 17, 379-383.

Lyzenga, D. R, N. P. Malianas, and Fred J. Tanis
(2006) Multispectral bathymetry using a
simple physically based algorithm, IEEE
Transactions on Geoscience and Remote
Sensing, 44, 2251-2259.

Manessa, M. D. M., A. Kanno, M. Sekine,
M.Haidar, K.Yamamoto, T. Imai, and T.
Higuchi (2016) Satellite-derived bathymetry
using random forest algorithm and
worldview-2 imagery, Geoplanning: Journal of
Geomatics and Planning, 3, [2], 117-126,
doi:10.14710/geoplanning.3.2.117-126.

AR R (2015) R EifRIC X Z2KEEOHEE, i
PR HGRAFJE s, 53, 16-28.

AR (2018) F#8 T — ¥ M3Vl BIT 5
fir R RHE 2 KR (SDB) O FGEERFAMm,
T AR JE fey, 56, 24-45.

(—M) HAKEWZ (2017) #fFRBEEEHw72
EiE KRG MO IR O F AN eI L CF
W 26 ~ 28 4E ), http://fields.canpan.info/
report/detail /19931, Z:H& 202048 H 1 H.

A 3 - ARG - EE &I - & B (2020)
The THO-IOC GEBCO Cook Book {2 3 1J %
Chart Adequacy @ #FAili F15 © H A5 5 v 35
2B B aE B & SR OGS, I B
frgesit, 58, 80-91.

AN S i S ¢ 3 B 5 A {1 e R
B - AR - BRI - FRZE - /NI
i - o 2 - ¥ G (2018) 2013 -2015
EINE I X 2 BRI oML,
TG JE e, 55, 77-84.

Sagawa, T., E. Sakata, Y. Matsumoto, and T.
Hiraiwa (2016) Satellite based bathymetry
measurements in shallow water, Techno-
Ocean 2016, 97-100, doi:10.1109/Techno-
Ocean.2016.7890627.

ENTBEZ - AEPA A - IEER -zl 8
(2019) WorldView f 5. 1l {5 & F \» 7 1% 1 35
BT B NHRGENE eI 5028, HA
VE— MRy Yy ek 39, [2], 112-
122, doi:10.11440/rssj.39.112.

Sagawa, T., Y. Yamashita, T. Okumura, and T.
Yamanokuchi (2019) Satellite derived
bathymetry using machine learning and multi-
temporal satellite images, Remote Sensing, 11,
[10], 1155, doi:10.3390/rs11101155.

SHOM (2012) The satellite derived chart, paper
presented at 4th Meeting of the ITHO-
Hydrographic Services and Standards
Committee, IHO HSSC, Taunton, UK, 25-28,
Sept. 2012.

Stumpf, R. P, K. Holderied, and M. Sinclair (2003)
Determination of water depth with high-
resolution satellite imagery over variable
bottom types, Limnol. and Oceanogr.:
Methods, 48, 547-556, doi:10.4319/
10.2003.48.1_part_2.0547.

UKHO (2015) Satellite derived bathymetry, paper
presented at 11th Meeting of the IHO-Chart
Standardization and Paper Chart Working
Group, IHO CSPCWG, Rostock, Germany, 27
=30, Apr. 2015.

KESILEE (2004) Mize L —H— R, R A
WramERRES W), WEHAE7 T Y
T4 7 i FHS S HARh, 42-61, T
BPRATEE, B

= =1
2003 FE NI DMz L — MR Y AT A% EA
L TRk, WEEREBIiEMc L b~V F v —
2 TR N AS IR EE B B W I FERD R 2 iR v 2

_44_



JHOD s efforts toward the practical application of remote sensing technologies for depth measurement

BOTHZL —FllROEREZHAERTE .
2020 FE LT EHEHOMZERKR L L HIC3HHE
e BT AT AN S, —RERhERM
NEBTE L EMESNS. T2, ANTHEEON
BLE R A S KRG 2 9 2 5l Td % SDB
X, FERER, R A FTKET— I BHETE S
Heafr & L CREAME O K BB BI R° THO D B/ A3
FEREoTBY, WEMHAEETIX 2014 FFED S
WS HCEB~OF M % WIE 2 7207 217> T &
7o, ARTIE, HIOKERT—2 0G5 £
MYy IEMTH B ML —FillE L SDB
BT B PR TSRO I E TORLY FlA ik
T 5.

_45_



