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Evaluation and comparison of depth uncertainty and feature detecting capability of phase

measuring bathymetric sonars’

Yoshihiro MATSUMOTO*

Abstract
The author conducted a test survey to evaluate the bathymetric uncertainty and feature detecting capability
of three types of phase measuring bathymetric sonars (PMBS) in comparison with a conventional
multibeam echosounder (MBES). All of the three PMBSs satisfied the standards of depth uncertainty
and feature detecting capability specified in IHO S-44 order 1a within the slant angle of about 55 degrees.
However, the standard deviation of the depth values obtained with PMBSs was several times as large as
that obtained by the MBES. As each swath of PMBSs has denser soundings with high rate of noise, data
cleaning procedure was time-consuming. It should be noted that sounding depths obtained with PMBSs

tend to be sparse around nadir, which deteriorates feature detecting capability.
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77 A3 E B K # 5% B (International Hydrographic
Organization : THO) O ® % [E B K Bl & 25
(S-44 45 5 1 : THO, 2008) %iii7= v LEL D 5.
WG T IE 2010 AFICIE BB L 72 [ v F B —
& (iR SEMREERES ] 2 132THE T 5
BT A4y —7xa R M) H8TEE G
CPHE 22 4F 11 H 29 HERIEERESS 146 75 g RAREE
FEEE T HGR, 2010b) 2 3RE L T 528, FEHE
12 & B HEMGEN 2B TH - 72,

U b PR 22 T i 1 R 1& 2009 4F 1 Teledyne
Benthos #1:3 C3D %! PMBS % ilBRIYIZEA L 72,
B (2014) 13 Z OMEREEZ H W COR BERGIE % 920t
L, HEERO—HCIHO-1 #id % W id4Fk %
M7= SRV ERH D L, ERMIKEE DR
HARAENKE , BRI TR EKEOERD
Wt CchH s LEEfRM L.

ZHLEREEE 2, BEENTEAERD
& 5 i H @ PMBS 3 $§f# 12D v T, MBES &
D BT X % K GHG BE & B ko B hg ) O MRGIE %2
1o 7.

2 IEBAREIEAIOBIE
2.1 BAHE

2014 4E 2 3 4 H2»5 13 HIZH U THREHE DN
SRR T A R TRl 2 92 L 72, A
BT DOKEIIMARIZm A5 16 mFRETH
%. A A B IIIIKER 20 m Fi R DR T, i
ETOomBEEDOETHDH S (Fig. 1).
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VEEMOAREIC PMBS 1 &, AfEICHET O
E—A7x—3Ir 7 HAMBES1HZ#MEL,
[\ B 81 0) % 47 - 72 (Fig. 2). PMBS & Teledyne
Benthos L% C3D #!, GeoAcoustics f#
GeoSwath !, EdgeTech 1% 4600 % % JIH |2 5% &
L, MBES I3 Reson % SeaBat8125 #! % 4> {3{ill]
WM AM U CRE L EEMoR N Ui 4.8
b v, EESFPIEAR 11.82 m, 1§ 3.09 m, B2Z/K 1.09
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Fig. 1. Testarea (Nautical Chart W1062).
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Fig. 2. Installation plan of survey equipment.
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Table 1. Specification of survey equipment.

# 1. BRSO
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X
3D MY | FHR[EIEL - 30H.
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Fig. 3. Configuration of the seafloor targets.
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STL: DU OKXE 2m DIELEXEE 1.4m)
“T2: 3 OIm x 1m x 1m) (KR IE
A ES)
ST =4 (L 2m OIE=ZMIEXE S 1m)
“T4: R—V (BE2m OHAE 4 K% ET)

24 BAIESE

PMBS 3 HffIZDOWT (1) AREE, (2) /3y
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0.5m

2m

Im
—
T3: =Mk T4: R—/L

_13_



Yoshihiro Matsumoto

B IE B 129 -
#J 250m
(ki 16. 7m) T1
(16.5m) 12
(16.0m) T3
(15.4m) T4

) 35m

Fig. 4. Location of seafloor targets and the planned
survey lines for target surveys.
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Table 2. Survey contents and dates.

F 2. BUNFERENA & FERH.

AT ARG
BN | B [ RIE] SeaBat
GeoSwath 03D 4600
8125
2H5H A-1 A1
B | B | Al 21 10H A2 A-2
2H 13 H A3 A-3
2450 B-la B-la
‘ 2/ 6H B-1b B-1b
AAAHE | B
Ny F 2410 H B-2 B-2
F A b 2413 H B-3 B-3
. 2410 H c-1 c-1
NEEBHR | C
2413 H -2 -2
‘ 2/16H D-1 D-1
A AL | D
2H 10 H D-2 D-2
FHAfTAE
24100 E-1 E-1
INREBHE | E
2H 13 R E-3 E-3
— 2410 H F-1 F-1
RIS S
. NFEB#R | F | 2A13H F-2 F-2
A
2H 13 H F-3 F-3

PR A Rl U, BB & 4 L TR % 47 - 72
(3) FHArfiiE

RSB OMGEZ AT ) 7280, [RIKD D 5 i)k
DWIFIZB VT, EHEE— AN 100%EHT 5 &
I 2ARDTPAT R MBEMM N ENIZERT B H
MIZDE L &) % 2RKOMER o L) %
WEER) #ETL, F— 7 28T 5] G LR

LT UEPETSER, 2010a ¢ i AR 22 P VeI S,
2010b) HFZ X DR A AT - 72, U5
F7oAEA A A BT IR L 7z,
(4) RS AT

2.3 B 0 U S IR B L 7 i H A
Yy O _E e O HAEY A & R~ EE 5 m, 10 m,
15m, 25m, 35m & PATICHLEL, % 2HED
W %47 > 72 (Fig. 4).
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VD EOMEEZELE, FET A XREEIT-
72, HEI7 4 V12OV TIE, —EDY— AL
FOIMINE -2 Z2BRET LT 4 VT DR, BEED
BB LTV, 2480 (2) oBIITHR
BINizrT—2 2T, B HBEIHEED
NA T AMIEE AR L7, %k, PMBS® Y
F—y FIZEARME ZERMIZ o T T
VAT A=Y PREINTVWEI ENL, NS
7 AR AN L7: (Eisenberg et al.,
2011).

(1) EAIREE T ORIGEKS B DO IRGE

2480 (1) OBMTIE S N72KEZ 05 m
MO KIETA Yy P afbl, Ay 2D
BHEmAEZER L, BERED 2O S-44
55K (IHO, 2008) O3E ¥ % IKIED A E LD
FPHICINE B Z L 2MAEL 72, F 72, MBES I
X B AR TR S NKIEDRA Y Y27 —%
BT —5 & LT, KRMHEDIEZT- 7.
(2) FHIALA T X 2 TGRS BE DO MREE

2480 (3) OEHNIBWTHAT 72 2 WHTHR
BEINTAKEZ 1 mBROFEHKETRA Y ¥ a
fEL7z. 202 WHITEET 21l 2 JIH IS
ENFKEE A Y V27— L DOEDFHE L
HE {22 % BT L 7.

(3) HEEE D EYy OB E T DMEE
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24 i (4) TH I NHET — % % e
KA L, 2.3 HilC R 7= B Y AH B T X
HEhEHE L.

3. HEEMREEHER
3.1 EIREE

FHRERRICOWT, ©— A 5 BEHORNGA,E
(BEHEfR =D 2 %) O5AB LB RAKED X v
VAT =8 L OEDI ERGE L 72

B, 4IE O HEBHGEE B Tl &R RE O 4
PRI E %5 L9 ICRE L7225, HAOXR
G- BRORMITITEND D D, 12 2014 4 2
H 8 H& 14 HIZIZBIH M FHF BTl Mic W %
KEZBNT %L, ZORPORR M3
LWy DOBHhotz. #2T, W EEFEO—>DI
BEE LT, BT — VEHIEOZ B2 &
bETiTI e eds (UBEOHTDFER.

(1) GeoSwath

ERREBL (A1) EEOKIEOFHMEIE 136 m T
Y, TOWRAHITS44% 58 (IHO, 2008) #°
ZERT KR OAHEENE (5% EHIXH) X, 4¥
HT027m, 1% T053m, 24T 1.05m Th 5.
BIIKIED A v ¥ 27— % % Fig. 5 |IRT.

R Fig. 6 0@ Y T, IMIL—213E1X5D
& (MTIE2 o 2R) DREL LDMHEMMIIH 5.
Y — A 35 EELINIC B WIS 272 L, 50
EFEFTIMH T0EFC2MEMAT. b, &
B (A-1) Bro o — VEHIME O ZE B — 5.50

[ N

Fig.5. 0.5 m gridded reference bathymetric data of
stationary observation (phase A-1) obtained
with SeaBat 8125.
5. SeaBat 8125 THUfH L 72/ @LM (A-1) @ 0.5
m Xy ¥ aBRUKRT—%.

E~53l1 EETH 7.
(2) C3D

SR (A-2) REDOKEDFIMEIZ 128 m T
HY, TOHAEITS44 85 (THO, 2008) 7%
SRS KON, F3HT0.27 m, 1
T053m, 2 T1.0MAm TH5H. ZHKRED X v
Y a5— ¥ % Fig. 7R

R Fig. 8 0l ) T, ¥—AMITHE-> TIED
DENRKEL L AEANE (1) EFMKETH S, FF
WICIEELTBLY, E—2AM55EF T
65 B E T2 AWz d. EARBII (A-2) Rroa —
IVEHIME DO ZEBIREIE —6.72 FE~ 454 BETH - 7-.

B, EARIREE T o C3D ORIEEKE EE O Mk &
B (2014) bIroTHD, BERFEEROK DR S

Statistics for Soundings at Beam Angle Limit +/- 2.5 Deg -
95% Confidence vs. Beam Angle Limit

O IR E(20) 2.0 - -2.0

(4 m) r 1
1.8 {1.8

x SEKREDE F 4
(i m) 1.6} 11.6
1.4 41.4

L <]
1.2t {1.2
1.0 F 1.0
D.B: o X:D.a
- 1l T Frmmnooeeee 10-€
0.4t " © {0.4

el S - o _._._.q
TR |, , By oo oz
0.0 A M AT MRS, S S M | Jdo.o

20.0 30.0 40.0 50.0 60.0 70.0
E—Lf (degree)

Fig. 6. Evaluation of depth uncertainty for each 5-
degree beam band of GeoSwath soundings
at stationary observation (phase A-1). The
horizontal axis is beam angle from nadir. The
vertical axis is metric. Twice of the standard
deviation (circle) and the mean difference
from the reference depth (cross) are plotted.
Maximum allowable total vertical uncertainties
(TVU) specified in THO S-44 ed.5 (IHO, 2008)
are overlaid for special order (red chained line),
order 1 (blue broken line), and order 2 (dotted
line).

6. FEARBIN (A-1) 12815 GeoSwath D ¥ — 4 ff

5 EHEORNEEEOMGE. HMEIE T250MA
B MERIKIBOAFEEMET, A v T 2NOH
BAREROBEEMFEEZD 2R (O) B X WK
EBMUKIR L OKRBEEDFY (x) (HALE A —
I V). THO S-44 455 WL o> 72 > % il st Bk A ks (R
— B, 1 (F8E) BXOU 2k (i)
(2B BIREDOAHEENED LR %2 FOR.
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Fig.7. 0.5 m gridded reference bathymetric data of
stationary observation (phase A-2) obtained
with SeaBat 8125.
7. SeaBat 8125 THUfF L 7z & MELN (A-2) @ 0.5
m Ay Y aBRKRET—5.

Statistics for Soundings at Beam Angle Limit +/- 2.5 Deg -

95% Confidence vs. Beam Angle Limit

. 40t 4.0

O RIFAE(20) E E
(B8t m) 36t 36
x s@kzeoz 3.2 F 32
(HA: m) 28% 123
24¢ T24
20¢ 320
1.6 - T16
L2t . 412
0.8t R +0.8

[Order 1] R i R g -]
. 0.4+ 3 104
A SIS T SR P

"~ 20.0 30.0 40.0 50.0 60.0 70.0
E—Lf (degree)

Fig. 8. Evaluation of depth uncertainty for C3D at
stationary observation (phase A-2) . Same
format as Fig. 6.
8. AR (A-2) I2B1) % C3D DRGNS DOIRGE.
FIROMUIIH 6 & [k

nTwns.
(3) 4600

SR (A-3) REDKEEDFIMEIZ 164 m T
Y, ZOWRAHITS444 58 (IHO, 2008) #°
PR B KROAREEVEL, 5T 0.28 m, 1#%
TO054m, 2 T107Tm TH5H. BRKEDRA Y
v 27 —% % Fig. 9 2R 7.

MR IX Fig. 10 @Y T, E—2aMIit- TE
BLOEMPKREL R AHEEIMNEQ), (2) LFHMETH .
C— 45 BEF TR, 60 EEE T 1Mk, 65 F
T2z 3. SARBH (A-3) Koo —)VEt
AMEDOZ EYIRIE —6.18 FE~ 6.08 BETH - 72.

(1)~@) DFRP»S, 2HONEEZ TR 545

Fig.9. 0.5 m gridded reference bathymetric data of
stationary observation (phase A-3) obtained
with SeaBat 8125.
9. SeaBat 8125 THUF L 725/ 81 (A-3) @ 0.5
m X v ¥ aBRKET—5.

Statistics for Soundings at Beam Angle Limit +/- 2.5 Deg -

95% Confidence vs. Beam Angle Limit

O MRHE 20) .0 5.0

(Bit: m) [ j
1.8 [ li.8

x SEAREOE [ ]
(Bt m) -6 o 41.6
1.4 [ J1.a
1.2 [ J1i.2
CEEE ;g 1.0

[ . ]
o.8 [ lo.s
0.6} *  lo.e

Fommm . y
0.4 [ o lo.a

o e O
L O I Y Jo.2
P A N NR [ AT SR R P

20.0 30.0 40.0 50.0 60.0 70.0
E—Lf (degree)

Fig. 10. Evaluation of depth uncertainty for 4600 at
stationary observation (phase A-3). Same
format as Fig. 6
10, FEAREI (A-3) .2 BT 5 4600 O IR BE DO FRGLE.
FROMIIH 6 & [k

fill ® € — 2 (GeoSwath T 70 £ L F, C3D &
4600 T65 FELLE) OF—F I OB TRET A
KRR W ARWwWZ & & L.

3.2 FHHE
(1) GeoSwath
REEIZOWTIEFHHMMEL A AW (D-1) &
ANEEBHR (E-1) © 204757275, v —)VEHlE
DOEFIE I D-1 BFi21x-7.99 fE~ 7.87 &, E-1
BRIZIE-11.99 E~ 1074 FECTH V), LR B4R
OHHVD-1 R L7, SRKREL D A Y
Va7 — % LA OMEN % Fig. 11 12/R 7.
MeAERE R % S-44 85 5 it (IHO, 2008) 2t -
TR D 72 BREMIR O PIGIKEGE 20 m \2 BT 5 &k
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Fig.11. 1 m gridded reference bathymetric data of
cross line survey (phase D-1) obtained with
GeoSwath and track lines across the area.

11. GeoSwath THUfH L 7z H:Hifii £ (D-1) &

Im X v ¥ aBlKET— 5 &&=
.

Table 3. Evaluation of depth uncertainty of the PMBSs
and MBES at cross line surveys.

7 3. T MUEBIING & 2 & HITREE O I TR A BEARGIERS

£
(/\%4;2; £-3) (;_Loc'leeTn) 0.27m 0.52m 1.04m
(ffégéli) (;:(’69190?1) 0.27m 0.53m 1.05m

DERAEE L L 12 Table 3I2F O TRT. I
HIN D IR D PR R OB 2 572 L Tw
%.

(2) C3D

A A BB 2 IHHHUEBN (D-2) o —
VEHIE D ZE BYIE L - 5.59 FE~ 4.96 FETH - 7-.
BWKIEE 2 B A v ¥ 25— & L =R OMIR
% Fig. 12 IZ/R9.

Fig.12. 1 m gridded reference bathymetric data of
cross line survey (phase D-2) obtained with
C3D and track lines across the area.
12. C3D THUS L 7=t EfBM (D-2) ® 1m £ v
T aBRKET — & L RO L.

MAE G 9L % AR IC Table 312 F L O TRY. Y4
R DI 21 m 2B VT 1 OB 2
72LTwW5b.

B, ® (2014) 1Z C3D IZDWTKE 40 m 2
FE DUEITAZ I3\ TIRBR O HHIATAE BN X 2 FREE
MREFERL, KEZEOFIHMEA0.25 m, i
7 o0 =043 m &\ ) T/ S D OfE D KEEHKS
REMREL TS, SHORKEIKEDOITHAE
WELTIE XKD 2 i /2 9205 L
Tkl WEBMBELS 2 A ANLDE o7
CENTHENS.

(3) 4600

SR BRI BT 2 HMHEBI (E-3) Ko w —
VEHIME O Z BYIE X — 3.56 BE~ 3.08 EETH - 7-.
BIKIEL B Ay ¥ 27— LA O MR
% Fig. 13 1R

BGERE 9L % [ ARIC Table 312 F £ O TRY. Y4
MR O PRI 12 m 12 BV TR O B % il
7ZLTW5.

PMBS 3 #§ff ot CKEEZAE O3 MH, R
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Fig. 13. 1 m gridded reference bathymetric data of
cross line survey (phase E-3) obtained with
4600 and track lines across the area.
13. 4600 THUS L 7= HHiEBI (E-3) © 1m X v
T aBRKRT — & L RERFRO ML

HITHRDBENTERE o2, ATABRIDD
ARAVNE DT, g LSRR 722 &
bR D 5.

(4) SeaBat 8125

o729, SeaBat 8125 Dl T — # 12D W
TOHRBOKGEEZ T o 72, ABEEBHRIZBIT S R
B RO D e W IEHTHUE BN (E-3) 12 X 2 HREE
FEWRZ AR Table 3 I2F L OTRT. AKiE14m
BV TR O 27z L T b,
COfEREIET S L, (1)~(3) ® PMBS I
X BKEAEDERRF L, SeaBat 8125 (o =0.10)
&I LT, GeoSwath TH 1215 (o =1.19),
C3D TH 51 (0=052), 4600 TH3fF (o=
0.26) EBEL TARE L, HMIIKEZDFIHEO
ATIIELZFFM LIS WS EIZITRET HLE
Wb,

3.3 BEOEYOHREEE

24 (4) THML -0 OREE T — 5 205 ifF
JiE HEE AR C & 200 % [ R4S HI BT
&2 (O)), THBEE LKL CGROIENZ F
E5ICEHZTVAEY, IRZFTEY DI
ZHEET HDIEEWEE (&) ] B XU [EWAH
T&ERWw (X)) O3EBTHEL, v—afjk
SISOV THFFL 72, Fig. 14 1R ZE DB % 7R .
728, SeaBat 8125 DHIE T — 7 12DOWT
b RO HERT %2 4T - 72

% 3B, S-44 % 5 KM (IHO, 2008) 1, 4F#kic
BWTIE—B 1 m x5 K lafhils

W22 m & WA 5V R (KB 40 m BL
EROYE) #MIHTELZLZERLTVWAS. &
6] D B FE BRI 12 35 > T g S H AL W) T2 A3kt
TEE, FFRICHYST S, T3 iE—2E1moir
Jitk% K& SO TR LR 2R E W2 5P,
KHIH L TBOTHEHADOARTH L LD,
T2 XD idMHEETH 5 L FHIN S, TL KO
TAZOVWTIE T2 ORI DHVIEIRTSH D,
RV EMMIB LT RN E2S, HIEEET
HbHLFREING.

(1) GeoSwath

MRS R AT (F-1) 12 X % MGk £ %, Fig.
1512F LD TRT. T2 GLHE) 122w Tid,
20 FE DL E AT 100% 12E W TH -
720 20 BERGE O TIEH0% & 2o 72h%, 2D
HiPHCHIN T & 72 MDD e o 72 2 LI ET
REXTHA. TI, T3BLUOT4IZOVWTIE, &
WP CTHRIBNETH - 72, WEKEYHE F-1)
K> 1 — U EHIME O Z B 1E - 10.66 FE~ 9.46 FE
ThHo7z.

(2) C3D

MY (F-2) 12X 2 MGER R %, Fig.
1612F LD TRT. MHKRT2ITOWTIE, 20
FEDL E A TId Akt T & 72 10 ~ 20 BED
HiPH TR AT . 10 BE R o A T EBLIN T
MM o720 TL (MUAHE) &, 20 L
F oM THIERDE V. 20 BRI O T
M TELho7z. T4 (K—=) IZ4MIE — 24
EEREEPECEINICH L. T3 (ZM4) &
50 ~ 60 FE LSt L di P CHRINNEECTDH - 72, 1
YA (F-2) Koo —)VEHEOZ B
—-9.09 FE~ 857 FETH - 7.

(3) 4600

MRS R AT (F-3) 12 & % Mk £ %, Fig.
172D TRT. VHAKRT2IZDO W T,
100% M Sz T1 () 1, 20 BERO
WHITIRBRINTE 2 h o7 MY — 213 Lk
WERPEHWEICH L. T4 GR—)v) 1 20 ~ 50
FE O #i PR TR ISR AS I Y B 72 o 72, T3(Zf44E)
TR TRINEEETDH - 72, KAWL (F
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-3) Brou — VEHIEDZ B)IEIL - 8.83 FEE~ 8.16
ETHho 7.

(4) SeaBat 8125

F-1, F-2 B X UO'F-3 D4 TOEMNIC X %Kik
WH%, Fig. 1812 O TRYT. YHET2I1CD
WL, MR s T1 (UMmHE) B IO
T4 (R—)v) 1%, 20 B A o WA T I AL Ak i
XNz o0, 20 EU EOSMIY — 2 Tldk
MR T3 (4 13 10 EE R o Nl C ik
MhAmbsnzdon, 10 E oML — 4
TIIBHIREETH - 7z

4. EE
41 KIBAIEICH (T B MEEESTM

A8 O RRFEAE B2 5, PMBS 3 B & b Ffi%
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Evaluation and comparison of phase measuring bathymetric sonars
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Fig. 15. Verification of feature detecting capability
of GeoSwath at target survey (phase F-1).
Ratings of feature detection are counted up for
each 10-degree beam band. The width of the
bars represents the number of samples.
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Fig. 16. Verification of feature detecting capability
of C3D at target survey (phase F-2). Same
format as Fig. 15.
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Fig. 17. Verification of feature detecting capability
of 4600 at target survey (phase F-3). Same
format as Fig. 15.
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Fig. 18. Verification of feature detecting capability of
SeaBat 8125 at target survey (phase F-1, F-2,
and F-3). Same format as Fig. 15.
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