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Developing Research Infrastructure for Unmanned Glider
based Anti—Jellyfish Virtual Fence
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SUMMARY & KEYWORDS

Jellyfish adversely affect humanity by interfering with public
systems and harming swimmers. The most obvious
consequences are human injury or death and reduced coastal
tourism from a point of view of economy. Furthermore,
jellyfish can clog cooling equipment, disabling power plants in
several countries. To deal with this problem, we propose
unmanned glider based anti-jellyfish virtual fence. The
results of this study can be summarized as follows. First, we
have investigated jellyfish ecology, unmanned glider and
then, we have analyzed the requirement and validity of the
system. Third, environment—friendly  jellyfish control
methodologies are proposed and the substantial effect of one
of the methodologies is verified in quality. Finally, to build
the system efficiently, we have developed an appropriate
infrastructure, and designed the system.
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Phylum Cnidaria
Class Scyphozoa
Class Staurozoa
Class Cubozoa
Class Hydrozoa
Class Anthozoa

Phylum Ctenophore

—Z]—

B

=

= = U

‘TECET
73
i, phylum)gte & &7F3H4

Over 200 species of Scyphozoa,

about 50 species of Staurozoa,

about 50 species of Cubozoa, and

about 1000-1500species of Hydrozoa that produce medusae

SEE ot 4 MY A(class), B 5 /e Adom v,

Bilateria (all other animais)

Homo sapiens a0 K
Drosophila melanogaster ,’ i
Caenorhabaitis elegans Ve .

Cnidaria
Anthozoa (corals & sea anemones)
Acropora millepora
Nematostella vectensis
Hyira virdissima r{
e My CIFCLUIMCINCEA | ///—
Hydrozoa (hydroids) == ' e v =31 [/ =
Hydra sp. — Hydra robusia l'l";’. ’
Clylia hemisphaerica L ) i
—— Hydra oligactis ) [

Hyidra Carnea ‘ [
Cubozoa (box jellyfish) ;f *L vulgaris (A Eﬂj\i

Hydra vulgars

|: Hydra magnipapillata

Scyphozoa (jaltyfish)
Aurefia aurila
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Pelagica noctiluca
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Medusae &ephyra

Chiysaora quinquecitha, :

oEﬂ(polyps)Q‘r B E
(swimming) & 3t& WIFAF FejE Hzol 3= AEAE
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74 .
Scyphozoa®l
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Crambionella ﬁé!rr;biru Nishikawa, Mulyadi & Ohtsuka, 2014
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. | Chironex flecker
Caryhdea sivickisi

‘Carybdea marsupialis




- Hydrozoa®s FT®7F Bou, tii& A717F &5, <, 225 s 9
=
-

2] (Portuguese man owar, Physalia spp.)& "
Portuguese Man o' War, Physalia physalis ]

Hydrasp.
/
i
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Anthomedusae

Limnomedusae, Olindias formosa Siphonophora Sarsia tubulosa
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- g ¢} f-AFe vl 98] (Ctenophore) &
AEToly, BE AFxE9] jellyfish ¢

A2

Beroe forskal feeding on another ctenophores

Mastigias papua

Pleurobrachia bachei

Beroe forskali



O PE 54
- Locomotion: jet propulsion in medusae
- Body orientation: statolith touch of sensory cilium

- Diel vertical migration

© Jinho Chae ' © JinhoChae

Food item: mainly carnivorous, some
symbiotic(Upside-down jellyfish, Cassiopeia andromeda, C.
xamachana and golden jellyfish, Mastigias c¢f. papua
etposoni distributed in Jellyfish Lake (Ongeim’l Tketau),
Rock Island, Palau, are symbiotic with algae
(zooxanthella).)

Feeding organ: nematocyusts in cindoblast
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- BE AR gte] FREc] So] A AR dHA U
o Carybdea brevipedalia
o A2 Asluke] F
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o o]9] fEafl g (Cyania nozaki)
o AEYSsN 9] (Chrysaora pacifica) &
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n:lnli 'J?
*‘ﬁ-' Nematocyst capsule
™ Nucleus of cnidocyte

Cnidocyte before
nematocyst discharged

Nematocyst structure and discharge mechanism
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Nobel Prize in Chemistry for 2008, Osamu Shimomura,
Martin Chalfie and Roger Y. Tsien “for the discovery and
development of the green fluorescent protein, GFP”

@ Jinho Chae

@ Jinho Chae

© Jinho Chae

Young medusae of Aequorea sp.



Mumber of sirobilae (strobilae polyp ')
s

O Qg
- ZY Al7|d] B2 98] 7]3taF4 (exponential) AT LS
ko)
- 22% ok T 2t exolA @ B B PN o4 Wi
oA %+ i FPY AAF, st @2 vl o 250 AA B 5
N
- ose fAoR WEHEY A, 2ERURE P FEoR A4
FE F7teA &
A% ok adTE Y RN wEeld & Y 2ERU
a, AW °F 20 7HA.

il iiiTisnnnnue
Day

Number of ephyrae produced from

a single polyp through strobilation

(Han unpublished data).

medusa
(juvenlie}

= |
e

Life cycle of moon-jellies
(hitp://marinelakes.ucmerced.edu/Taxa/C
nidaria/ScyphozoalH.html), scyphistoma
and strobila in Sihwa Lake.
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Temperature('C)
Number of polyps produced from a
single polyp during 30 days in
temperatures (Han unpublished
data).
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1. AlAl autunomous underwater vehichel (AUV) 7R &3t

O Kongsberg(x=29]°])

- w=2dol AUV I Al @ SN s4%E & W AT
E_‘ﬂ‘—al’:ﬂ_ 9\}1t AUV rﬂl‘i 7HH iﬂ EH—’- Xﬂ To 2= HUGIN,
MUNIN, REMUS, SEAGLIDER E+. 100m 44 AUV Remus
1003 Sgtold] Feje] seaglider AlFo] HEA 48 A EF.

Remus 100 Seaglider
A5
Weight 32kg 52kg
Dimension 170cm, 19cm diameter 2 m length 30cm diameter
Max travel range 72 km 4600 km
depth 100m 1000m
speed ~ 5 knots 0.5 knots
battery life 12 hours 10 months
Propulsion 3—blade propeller glider




O Bluefin Robotics(7]=)
- W29 FARE AUV B AL tiE Al FS 2 Bluefin-21 A 55
7M& A #E<Ql Knifefish minesweeping AUV A& 7f¥. &3 AUV=E
£ Bluefin sandshark 7|23} <.

A& Bluefin Sandshark

Diameter — 4.875" (12.4 cm)
Dimensions Length — 51 c¢m
Weight — 5.12 kg

Depth Rating: 200 meters

Speed: 2—4 knots

Performance Active Roll Control, Field—replaceable fins

Navigation: GPS, 9—axis IMU, Depth Sensor, Altimeter (optional DVL)
Runs standard Bluefin vehicle software

Magnetic On/Off Switch
Mass Section Status LEDs (user configurable), Wi—Fi
Visible and Infrared Strobes

Battery Lithium—Ion Battery Pack




2. =y AUV/ROV 7= @

=7](m 2pe]
war | gy | O | ®% | Adm | &% | Fe g IR
) )
Kelog
1.1x2. 1.25 o
KIOST VORAM 357kg 200 A
8 x0.4 m/s =gy
222 O F
O]}go] 0.2x1. TS5 ™| o]:y
KIOST 38kg 100 3kn FREA
100 6 oS
2
222 O F
O]}go] 0.6x4. TS| o]:y
KIOST 850kg 6,000 1.5kn | FAEA
6000 9 oS
2
Xgst 31,
T ouov-1 | 08 100m | 2m/s
A 4
Bl
&l oy KAUV 21.5kg 100m 5kn AA,
RF=Edl
0.5%0 70kg =,
A =) NOAH T (HelR= | 20m 3.5kn | H|YS I}
75%0.5 L
x3h o2k
0.46X0 battery &
ZH 28 | BlueROV2 | .34%0. 11kg 100m AT,
26 Ethernet




Al 34 XeA

1. 712 a5k WA A A
O dlstel B 9 AA BA AW A
- elsEle] ABAL SR EQ AL AT 7B JeFsHon
Sele Aol % ST, AEwe] okl Am, Rasin gr] wE
=4 fAd E¥eln YAn(FAE $99n donR U $E4
ole] Bal), ATk} o] 2H 0w 2mm el ot ste o] oS
5000 AAS & 4 cmAe NFAF AAE wEold F Jome,

EYS A4 AA}E Were] b 284

Hofgot Il g 27 9 HoHH, YO, 4H 715 S Teiue

EMRHF X, LK) o2 1 S MY UILEe| S0 52 T2 23 go| HEf40| sint=|of chsf e B,
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sexual impotence, infertility = o simtalel MH%2 MBI L fertilizationS OJH|Sl= 20| A 9E. &7|7te

e Mg ¢ 2

SRQc 8y = 5 S8 QT F HAHH: WH HAL YEOAM SER =522 48 4¥HoR

b HBH0IX| Rofol, B EBT o O /TS| £4 0|27} £HEY 4 U8

E(2 8 & ANUEY ® 9 4o o3t ZE ALY 7t A" 23 2HE(1 m? 0 9 40kg 040
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2AE LS WAL 43 A 28

travelling screen i s A S0 ot YA WAF Ao HaY Hot HHx| £2 . HY 39|
{24 &. traveling screen 1 H|§0| A|dE X 82| S Ao} _

B! 2 2 EE 0 3u 9§ (Karlsen et al. 2004)0 A &0t At2O|L} WA & Kot Cligh
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CE3el Qb AT AueE, AP FoEe G409 9E
o] EAAH

- A A X‘HHE}L Hga&Ad o2 Qs vjde] tite] Hr7 = &,

O @719 #A B
- 7lE dnE FAAL ANAQ Frkd] o &3
AT B AreF] =9 -
AR AT T Aoty A x2d Fe Adg

- BT o AA (e AEEY, 29@P Y TR wet 2% 220
G AARES F9 sty PAE AN A A A

- 23 54 SRS B89 =TIt 5 Y st PA o
G B4 @A 24

- AT 54 ERS B89 A9y 28 A seto] AW w gon} o
L 549 A7 71 vl 31 9E

- $% #80] 5 ZE AW dve AA Ax" =g9Hon A
trd WY Astels BedoE AASE AL AR By



S4 2a, AeAdse 5 A8sy dd F
A% A A9,

Jo

- 3y 7Y AA A sigee F47dE 1y I8
- Visual(or light sensing) and statocyst
o 3|yl YEA S ZE Rhopaliathk+ E+(visual), = ¥ 717

o~

(light sensing) 713 #H&7]#(Statocyst)= Zril U3, 7]
BAHo g o] F 77| Ho] Fgo wEks wmEA AT H

o)

o AAl sfaty] wWFAE Wl vl WFSHA wEEShH, Aurelia
sp. 1(EEZE398])olyd Carybdea brevipedalia(Z-244#}
date]) BT e 7t2E BY olgd Hole dFe EHY.

o AAGE Q] EAbFe] 23 phototaxis(FFA4)7F oty AFx
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5 A2 S 918 A+ 7%t
- FEE AF/NEE AN F8 AlYe ST 2
A 9
CPU E5-2620v4 * 2 => 32core (64threads)
RAM Samsung DDR4 PC4-17000 192GB
Samsung 950 Pro M.2 SSD 512GB
Storage
WD SATA3/7200/128MB HDD 6TB
7] st=glold Fedora 24 +JAAE ARt on, 43 A&
old & AF 7HF =& 93] Linux kernel version 4.89] &A~E
Ad Had st 8
qNed Alxdle BE H2EES Ax 483 7/dd A&y z glon,

e
Glancesg &83t A4 A" 5 BUHYH S U2 2.




- 9 Alz"e = 719 CPU socketE 2F &83tE multi-chip 874

o224 F 32719 CPU core’l &A3lY =& o lﬁ: —’E;— 6471 2

core’} &A= SMP(Symmetric Multi Processor) 7+ .

- Alz=Ele] #HEE A s e A4 Ha AA @Y ( ]'EL«] ¥ = il
64719l =8&<Q CPU)E '1&F°] F2m, ol 3 struct
sched_group®lgt= A8 FXE AHEF.

SIS, OFE stedlod] SAC wmE ‘muez ERIH, ole
Zt YHE 2 struct sched_domainelgh= AAm 12 #ElE.

E B3l ==Y olF W CPU A% A A5 AstE

1:1_,

@]

—]

F %& CPU #4& 7he7 @,
D struct sched_domain
. struct sched_group
(Multi-chip level) domain <\
| ! | ! (Multi-core level) domain
ot2||1s|||]4l6]]5!7 ...
1 I I I
] 1 L 1
Shared L3 Shared L3
2 3 4 SR
e e DEDB(||Da| | a0

(Hyper-threading level) domain

T3 7 Ohe S5"HE O WEyg HS HPV} &ZH'SPE% o] &=
NUMA (Non-Uniform Memory Access) 732U =
. B0l CPUY} WRE 9 AYe T53] u
Aol Y F U=,

ol Wt CPUES 2 709 aFe® Yirm zzte] agd7 dx
A1 uil‘:’ 5 Fv 77 =Y.
1818 22 NUMAZ 21, o83t T2 A= CPUMNA o

| 122 o 7“—3 stiifol] wel A5e] o)zl A 9}%_

- & E9 CPUT ARAldAl 717k ol A5

2 ARgElol thE Bz Sl viRE HEE

HnL
J

(e}

Lo

[}

a | .
- S, 4] e AR MRy FAE AFEEor dtheE RS 9],
3t NUMA %9 Al2"d A= load balance()&FolA CPU



o
_OL
¢
=
L
L
AL
2
3
ACh
2
H
>,
!
1o
2l
)
ol
{1
R
A%}
_OIL
e
o
_OL
=Y
offt

NUMA

|_pg_data_t contig_page data | Nc;de iﬁi—d’at;*pgdat list |

typedef struct pglist_data {
struct zone node_zones[MAX_NR_ZONES];
struct zonelist node_zonelists[GAP_ZONETYPES];
int nr_zones;
struct page *node_mem_map;
struct bootmem_data *bdata;
unsigned long node_start_pfn;
unsigned long node_present_pages;
unsigned long node_spanned_pages;
int node_id;
struct pglist_data *pgdat_next;
wait_queue_head_t kswapd_wait;
struct task_struct *swajpd;

¥ pg_data_t;
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