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This study examines the effect of upper-ocean
structure on the detection performance of VDS. In
summer, filamentary surface fronts/shallow mixed
layers produce a nonmonotonic detection range on
source depth and azimuth. In winter, a deeper mixed
layer/vertically coherent upper-ocean structure yield a
shallow optimal detection ranges, with intensified
horizontal inhomogeneity (RD-RI) for VDS at greater
depths. In summer, acoustic control is dominated by
fronts, eddies, and thermocline slopes, whereas, in
winter, the peaked RD-RI difference suggests a
separation between mean background and spatially
inhomogeneous structure. These results the selective
impact of multiscale upper-ocean structure on VDS
performance according to azimuth and depth.

HYCOM 2124 Z}Z (HYCOM Reanalysis),
S A= ChZ 2 (Upper-Ocean Multiscale
Structure),
L2 o2 +F 58 EXM(Range-Dependent
Acoustics),

7HH M ALt(Variable-Depth Sonar),
fZ 44 (Mixed-Layer Depth),
O|ZXM(Directional Dependence)
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Effects of HYCOM-Derived Mesoscale and
Submesoscale Upper-Ocean Structure in the East
Sea on Variable-Depth Sonar Detection
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oA s, AEE B 2 AA HFE FRE T
#oto] AR A7 A o & ARt A ol

E3] 5o Lol SR R, WA, A AE
245, S AL EFFo] FESF=AGolA= £
T ARG BETORE AU H52 S8 Aot
71 o}F 3, A A & 7 2 (acoustic path) S w}et §
BEE Y S5F 2 A2 A Lsfof
Stk A9 Aol WEd, A8 52 S E 48
EolE BASHY 34 54 fLRSHoA A4 Hs
S vl EASAARE A s o)A et = 5 T
Z9 vl 542 Z718oF RaLl4], d+H 5
2 LR E +F 2olH AR E EE5to] AL &
4 R otSHE NG L2 E ZASH=H dF H5 ot
AT, B AR A 32 29 EAL ot
shedl AAE RATHS] & A7 ols A% A7
o] o] F 7} FAE Eolr] Y5t] HYCOM A& A
AaE &85ttt ol & 3 T LG =7t Ho
F obS R £ vohe 47 E7|5h= Hi4l 33
A HSHA g F2 5 EZAFOEH, A FfHol A
o)

2 Q7 2L HYCOM 7% 4% S Y720}
Bellhop T+ 9] 2D fan RO & A3, 53T A
20 4% FHE-oLEFE 727 VDS £rke] B
Aelot HH &8 44L o DA 2P LAS 3
Moz st o Yt o2 918} VDS AES
A5 10mEH 10m 7HE 22 Xt 100 m A 7HA|
HA o =N Z42F o] A o] A Bellhop 7] 8H H- ¢
2D fan 7| Aot E3H EZ density-
front intensity (B =% A A A 7]), ¥ 9§ (strain/|f]),
grZ& Zo](mixed-layer depth)& AAtsto] ArE
T2 A2 Aol & AdstaL, ZF v fiof o s RD
(range dependent)®} Ri(range independent) &7

oA =2 &R A H A HA A E ¥

T3t path-based metric® E3 3 AAA, &
7001, % 2°F% o], 127 VDs 9] Al 2]
A FH7L BRI oW Belg 2EAE
sHith 2, () A4E 98 22 vDs $4o]
£, () 1 HHE S40] B3 4
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37} ol Qolo A 714 ZHetAl &

FIOI'
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4 wE 2 Ar do mt L&
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2.1HYCOM A &A z} 7

2 Aol M AH&E HYCOM At == U= S, &
2 FEoty, 2A dHRA THAT L 5
A& 7]#E°] 7HESH HYCOM GOFS 3.1(Global
Ocean Forecast System version 3.1) analysis A&
o2 4 4% 9F1/12°(0.08°, °F 9 km), 34| 41
7 Flofol, Azt S e 3417 2EA 9] 2= A= 0]
thl6]. B4 =S Ea) At X2 (2F 129°E -
132°E, 35.5°N —38.5°N)°. 2 A A5} o, AAZ
o) waral7] 919) 20209 A2 % HEA of
F7E T2/ Gehts 4718 AEstel o5 1
B A= (20204 10 13Y 12:00)2F ALE g & A
2(20204 19 219 09:00)E 27 AHs . E
St Bellhop @ o 433l7] ¢l HYCOM AR E
lkm(FH)x1m($3) FA FASZ linear
interpolationg &35t A AX}5}oko ot AHESH
HEE3XY 25 98, 55 (u, v) 2 23 SSHo]
o, S8 9 obE TR S T2t 45 A of
et fgof] £24 JFo 2= S5 FH 1000 m
RS Az A 55 9 4

At d o ARE 59 29 &5, o
 REFOERY ANFAL, S5 S L-FGE-
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A% FA0] EET 4 9lo], RD 54 7
4 43 0 2
5491 ol 515 A W 9lE S s Hel.
shgetrlole Aol Yo, B AT A Agst
L “o}=3} 2= submesoscale-like A4 X E E =
ofF Tt i A #h= o v = ARE-RIT

Fig. 12 A7 s Joll A o] #F 372 SSHE e}
Hoh F AL (15, A=)l dal T2 3 okt

H
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KNST QI712t 9|, HYCOM 7|t S5l EF2-0I57E X7 71 AT AL} EIX| M50 0jxl= Q

HAGE0] FRIFUHUY, 23 1+ o5 E ot (€), ¥ (strain), Okubo-Weiss(OW) =i 7]l
AotA etk T- oA E HA AF2vDs 9] S5 AASHIT A E O] A o= A (1) 2
A& Yt L, 5FQFA A 42 100 km 7] & 7HA|

o 4 W9 E 7He70th B91Z 0°% 5(az000), 90° g v _ ou B
L H(az090), 180°%= 4] (az180), 270°%= H(az270) dr  dy

< Uehdth 2 AFol M s 25 S SF Y v

W (strain)2 Z A normal strain(s,)d} shear
strain(s,) 22 W W, 242k 9] A ol = 4] (2)9 2o
2 AFoME ol HEHFer HIH= F

Kol A1ke] @A) Aol v A& I B 9
sto] AtERE ST A UF ol 2

|
S
f
S
i
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< 511 Bellh Y 2D fan ZALE S . _
< %7t Bellhop T4 an ZAPS SRS strain magnitude(s)S A&t}
150 045 g = Ou_ o
0.4 " dr  Jy
100} _ 9v, ou )
0.35 s ox + dy
i S0 % 0.3 s=,/s2+ s
T 025 E
§ 0 o % =4 f50] A A QAA] (vorticity-dominant)
= .. = =
£ s ot Wy AIQIA (strain-dominant)E TH S}
S 015 L qEAY AT AED FEHE oW AESE
0.1 Al iy o
-100} (3)T Zol F ot
0.05
100 S0 o0 s0 10 OW=s*-¢ (3)
x eastward (km)
(a) Summer: Surface Current & SSH .
0 s 24 950 B4 $AHQ G HE OW< 0
I ol Fe 2T, WY A FAcNME OW> 0]
100} ~ Hoas #He AT B dFoAL mYge AAY
= | (f =28Qsin(¢))Tt Bl W FAYD ¢/f (Fh ZAH]
50t {[{0.12 }
< | G Ro% 5%) 5F /If12 B30l 22 517 2
- ’ o)
I i'-H0.09§ HEFR 7]
2 || 7 Zo] WAL Heol 21 7]27| (buoyancy
2 sof : 0.06 gradient) -2 o]0 A-&5t= YA =3 7| &7
3 (density gradient)® X3 4 9oy, Z+z+2
=100 ; '-'Hy°“ 4 (4)2k 2ol H o Erh
18000 50 :(E)(:) IO g
X eastward (km) b=— ?o(p_ o) @
(b) Winter: Surface Current & SSH Front Intensity = log,,| V 0|
Fig. 1. SSH (sea surface height) map with surface cur-
rents for summer and winter 2] (4)°l|A b= F3H-S YEFY 1, FI(front intensity)
o] 553 HZ AREA AEFO ¥ 7]L7]
22HEWAE I AT AR logyl V0I5 AFESH71 & 3ttt & AFo A= ol&
2 sl AT Bl Ft 248 59 9
E oA L HYCOM A EA &4 AR E T8 Aol d7F 11, frontogenesis I & A (th-
ol 59| 554 2 E X3ttt o] & 5 A ermal-wind shear) 9] FA|go] At} & & Qi)
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L ol+& frontogenesise Wk
=3STEHEE
= T8 71%ez

t5 4ol (MLD mixed layer depth) & &
71 figt Aol 5 AFolA E8 AEH
Lt (density criterion) W43 S

(temperature criterion) B4]o] Qlt}. o] &
71

Xé

ol
-

|=t:l

g EN =1 rir
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Ao M2 H[8], B FEo A= 71 Zol 10 mo
Ao Uxet v Ete] Ap=0.03kgm ° 0|4} o]
7} UEtdE A Aol hﬁDEHA&L-r%%%
1HE-AT:02C7] 2 A}g35te] MLDE # 9
gt 2 AFoA = dHE HE FAE F &5

Mngﬂ&dﬁﬂ.

LY RI LGN 5 AR
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21 Hat o A &4 ®4]9] ‘incoherent mode’E
At AA 289 Qo] A% ‘coherent mode’=

A 7AYo H=F 2ol 8 A e AL &

A (TL)o] H5HA YEFI T

2 AFolME F(0°), H(90°), 4(180°), |
(270°) HH3FS FA4 07 45190 H (Fig. 1 &R),
Z} v foll disf HYcoM 7|49t RD 2533 &4 &
W] range-meanC = Th= RI &2 242 AL
SHRATE. o] 213t fan {2 WS A A H o7
Zof| it ¥ A EH T 3HS P stk 72
SHEH(3].

2 AFoM = 4 FHE a4 FAA Y ALtE A
3 Au A A" Y HMeE ‘4‘%7‘3’5101] i 4 ske] 4l
© % 7}(SE; signal excess) S AF&3} % 1, o] & &3
2 g A e Y FAAHE A4ts . 2y
HF A Al 2 A (S)Q' 71-1:]—[10]

B L O3k AL 93 E
= Aol M= & 4= 1] Bellhop 7|1t 2D SE=SL—2TL+ DI~ (RL+ NL)+ TS— DT (5)
fan 7|3 2&3tA . o] Y2 F4 sourced A
A FAdez 24l SF EHES &5 RD A A (5)° A SEE 55 A5 23}(dB), SLS 29U &
g et H, U AE ARE sAX R Adste ] (source level; dB), TL2 A £ (transmission
FAjol, & A+t 5 32 WA s F TR loss; dB), DI A| 3FA] 4> (directivity index; dB), NL
£ A8&2oz E4ot=d AHSIH[9]. Table 12 2 FH A2F9(noise level; dB), TSE= EATE
& Aol A 4 &3t Bellhop &7 B A4t A& B (target strength; dB), DT+ ©X] £H8 %k (detection
o] &t} T3, A EF 0] 4L ‘incoherent mode’& 4= threshold; dB)2 LtetWiTh A7) At -4 2] o] A
FotHed, ole & A7 FHo AR YAE Z RL2 Z&F(reverberation level; dB)S YEtY =1,
St A HA ALt M) HA Aol MItE 74 B oL 1835t &=t} Table 2= VDSY]
ot Aol7Iol, B A5 ARE ASstEE ¥ 999 o5 Wiz g2 el A3} 8 Ao A &
A 7V 3t SE> 002 A "t
Table 1. Bellhop environment & simulation setting 5 ME F27F AU FA Aol vA= 9F8
B71E 915 & Ao] L vDse] H 1 A A
Frequency 3,000 Hz Table 2. SONAR parameter setting of VDS
Beam Type Gaussian Beam
Number of Beams 401 Source Level 215dB
Step Size 25.0 Source Depth 10~100 m
Sea Surface Vacuum (‘V’), Flat Receiver Depth 10 ~100m
Bottom Type Acoustic-elastic half-space (‘A’) Target Depth 100 m
Bottom Sound Speed 1,600 m/s Directivity Index 20 dB
Bottom Density 1.8 g/cm® Detection Threshold 27dB
Bottom Attenuation 0.8 dB/A Vertical Beamwidth -45° ~ +45°
Horizontal Resolution 1.0 km Target Strength 10dB
Vertical Resolution 1.0m Noise Level 60 dB
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2ot 4 28§ 4 FE5HL, ol ¢35 vDs
A A4S GAEEE 10~100 m H 9104 10 m
Ao 2 A It ZF 2 A A 55 AU HEA A
(A (5)) 71%19] SE cut 53 &4 7t +7HS ©E
st o, olEHtg o g =& &2 AY(R,,,) F

o A A (Ryax) S AR A71A R,
SE>02] 88 BX :,L7]--—— 1 km 7+4 range grido]j|
K9] 8 ol 2 HSFRL, Ryt 55> 00] Lhet
W A9 A2l BsH A 50, RDS} RI 4]
Aol AR=Ry,— Rz AAFSHO] AA v#E SiF

29 ¢aNs FIFIstAT[5]. A & A
VDS & 4 §9](10~100 m)of| tf5}of of2fet &

o] 77} A |59t

zgf =argmax (R, xp)
(6)

A —
Zopt = argmax (Rcum, RD Rcum, R1>

Surface density front

385 N
38.0°N
o "‘A
375 N =
on
=
37.0°N =
>
S
365 N g
36.0°N
355 N
1200E 1300E 131.0E 1320°E

(a) Summer: SSH Contour + Current Velocity

Surface density front

385 N
38.0°N
o VA
375 N =
on
=
37.0°N =
>
S
365 N 2
36.0°N
355 N
1200°E  130.0°E 131.0°E  132.0°E

(b) Winter: SSH Contour + Current Velocity

Fig. 2. Front intensity map for summer and winter, with
SSH contour and current velocity
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ol SHE-0FSHE F127} 7HH A

AL} EX| 4500 011 B3

A e A e AA &4 u|E 2
5 Aol g Ashed] etk 3712 25 A
N SATE A S ST o EA A
=4 s 45t7] f15to], WL & acoustic pathE
w2t B2 7|8 ek A # (metric)& =AU AF
&35t A A ZEo+= front intensity, strain/|f],
MLD, thermocline depth 5°| Z & ] t}.

il

ol e g B

o

[¢]

et ol % %s %
Aol 2Qlte AL S99 4 . Fig. 24
UEE AH T2E B, o golt B3 HA R

MLD (density criterion, Ap = 0.03 kg m3)
with log10 |V, p| contour

38.5° N [ s | W 37
34
38.0°N
31
37.5°N 28
25 E
37.0°N =
=
23
36.5° N 19
16
36.0°N
13
355 N 10
1290°E  1300E 131.0°E 1320 E

(a) Summer: Mixed Layer Depth Map

MLD (density criterion, Ap = 0.03 kg m™)
with log10 |V}, p| contour

385 N 90

38.0° N [

37.5 N

37.0°N

36.5 N

36.0°N

355 N

129.0° E 132.0°E

131.0°E
(b) Winter: Mixed Layer Depth Map

130.0° E

Fig. 3. MLD map for summer and winter, with FI (front
intensity) contour
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Surface strain magnitude / |f| (summer)

385" N 0.37
. 0.32
38.0°N
i 0.27
375N —~
022 =
37.0°N =
0.17 £
. @
365 N 0.12
36.0° N 0.07
355 N 0.02
1290°E  130.00E  131.00E  132.0°E

(a) Summer: Strain/ |f| Map

Surface strain magnitude / |f] (winter)

385" N 0.37
. 0.32
38.0°N
i 0.27
375" N _
022 =
37.0°N =
0.17
o w2
36.5 N o012
36.0° N 0.07
355 N 0.02
129.0°E  130.0°E 131.0°E 132.0°E

(b) Winter: Strain/ |f| Map

Fig. 4. Strain magnitude map for summer and winter

(F)7} A&of v]8f] A A 0= filamentarystil B
o] & u] L2 E Ho|n, VDS source FHE |
U= AAdo] F& 9 FA o] s Htf A H o= Hj A
o] Aot ¥rH 74% o= VDS source?| &%} &
ZZo]| A 7335t A Aol yerdct.

Fig. 394 YEY MLDS} A4 12E Y, o2
o A2 oF 12~36 m HY oA Z7F HES Hol

Hs=
= ¢S MLD7} YENY I, VDS source FH T A 2
20 mtfo] TS 7HA . B AZo|= MLD7}
o 35-90 m £ 3aA 20|41,
o $ET} BEZO| A BEHE 2
AT FA YL AR
Fig. 49 13 720 QoA = F AE 5% F7H4
O 2 patchystAq, ojFol= H %XPQ l fila-
mentary3t 52 strain G go] F= A ut
L Ho g2 ujA4A Qo & A9 (organlzed) Jx
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Pa)
—
72]
-

7} debdt. 0|52 FE9 B, ook g &
A2 e 4% WA 0] T W, ALl Y
SAHoz AFH 45 127t SASE Ho®
2 4 9t} o] 3 Fol VDS TA Al ALE Y
98 54 EO] 2 FFLS T ACE BorEn

3.2 VDS 4] ®ig}of -2 RD #2] §A] A&

Fig. 5= 953 AZE s 4049 FHE
RD 72 &2 A 23E Hoj&th. &, 953
F4 gAAYE YEL= VDS 42 HRE=E
az000(F%)=90 m, az090(E3F)=30 m, az180 (A
%)=20 m, az270(FF)=20 mZ Fo|X ¥, ALH
o= A FlolA 10 mE FolZh. o] & 3 A F
I ALol et x] A5 2 vhAlo] B A0 7 O ES
o} 2= 9]t} o] 2 H o= =& B 2| A g 7} VDS 4241 9]
s At Hg x2S Holn, IEE AZ O&
peakE 7T &, 5F 2 42 FAA FHf +4
SAA Y7 e, U A AR = EAY S35
AolA Hd =4 FAAHE 713
oEHo= “HASFF FHI Be “C2TE R
g5t e 2 Tk 2 o] AR ¢, H}%
ot A2 o8 24 A% 7 A% o
AE 25T vt A A
ot defA 0 2 Ags7| fE o= OH&]Q‘:}

VDS depth sweep | RD lative d ion range |

~
=)

—e—az 000
—e—az 090

az 180
—e—az 270

-
S
T

2 N W oA o
s & 5 ¢S
T T T

S

RD cumulative detection range (km)

o

T ® i
20 30 40 50 60
VDS source depth (m)

(a) Summer: RD Cumulative Detection Range vs VDS Depth

o

VDS depth sweep | RD cumulative detection range | winter

o
3

—e—az 000
~e—az 090

az 180
—o—az 270

o
3

a
3

N
S

S

RD cumulative detection range (km)

I I | ? Y ?
20 30 40 50 60 70 80 90 100
VDS source depth (m)

(b) Winter: RD Cumulative Detection Range vs VDS Depth

=)

Fig. 5. RD cumulative detection range w.r.t VDS depth
for summer and winter
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A& 2, HYCOM 7|8t &

ALH = A¥tE 02 10~30 mo &2 VDS 4

Ayl o
HOUA S GAZAL 2 e ey

40~60 m TAF7Io 2 Y 7tHAA Aol ZAsH
5, 59 HYAIA L 70 m AFIA BhA] 2872)
F/tRAEG ol AL A4S R P 24

TE7F 718H 08 &2 VDSE {5 whEH,
deeper coupling depth7} E4 WA F713 1
4% AL FET 5 L gt A, A
29 RD ©A] A5 “A4tA shallow optimum +
ZZH deeper secondary optimum”2] FEf 2 Q oF

% 9t

nst b

3.3 RD-RIZo]9t 22 £.8 54

Fig. 63} 7.2 AA| B|#4 & F+29] <25 7H
APHor HojEt. AFHAE AR=Ryp— Ry
7F et Aol me o9k 27)7F 2A v,
S HA Aol 27t He AT v tE 2 a5
7b 7t He Aol dAzE FAHA YERd o
%, o539 2= az000(F5FF)=90 m, az090(F
3F)=30 m, az180 (A ¥)=20 m, az270('¢)=20 m

2 FojAH, AH9 zfpt% az000(5&)=70 m,
az090(E3F)=70 m, az180(A g)=50 m, az270('F
F)=90 m=E Fo|t}. o]= AAFH &HA H5Y -
A oEAol AE B+t iZHET AA RD £, =
frontal tilt, eddy edge, thermocline slope, local

VDS depth sweep | RD - RI ive d tion range |

N A 9 @
S 5 8 ©

—e—az 000
—e—az 090

az 180
—e—az 270

&5 A
S
T

RD - RI cumulative range (km)
3 o

-80 .
10 20 30 40 50 60 70 80 920 10C
VDS source depth (m)

(a) Summer: RD ~ RI Cumulative Detection Range vs VDS Depth

VDS depth sweep | RD - Rl cumulative detection range | winter

o
=3

—e—az 000
—e—az 090

az 180
—e—az270|

A ® NA
8 38 o S &

RD - RI cumulative range (km)
&
3

-80 .
10 20 30 40 50 60 70 80 90 100

VDS source depth (m)

(b) Winter: RD - RI Cumulative Detection Range vs VDS Depth

Fig. 6. RD-RI cumulative detection range w.r.t VDS
depth for summer and winter

ol SHE-0FSHE F127} 7HH A

AL} EIR 450 DIxlS B3

sSP curvature 59 ]3] 47 X RHGE AL A4
gtot. WotAtH of 538 g T2 “heterogeneity-
AZ 7ML = 5 Sl

AZdo= 5 RD F2 HA] A9 Hdjgto] &2
AlolA] WA EE W, A RE © 2 1004
()9 g Yepdt}. £5] €2 10~50 m 7o A&
A R7 (0] HE 497 dol, A 3 727}
Q353 RI BAAEG F4] 452 FA7]= 9
2 Stoh. 28y @F 70 m A F 9] deeper layero) Al &=
AR F(+) 22 A o], AA) w3 T2} 4
Hoz YA 45 et Yol7t £Ae Kol
&t} o]l&= ALHE 3] 70| “background - con-
trolled shallow optimum + heterogeneity-controlled
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