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Idea and basic research on the dead fish collection system
using underwater robot in medium to large fish aquaculture

Shinpei Fujiwara'

Abstract : In aquaculture, leaving dead fish that have sunk to the bottom of the net for a long time causes harmful
components from the dead fish body. This risk making other fish in the aquaculture net sick. The early collection
of dead fishes is required, but when divers work in the sea, high water pressure and low water temperatures make
it difficult for them to work for a long time, and the work efficiency of the entire aquaculture facility is reduced due
to the need for manpower.

To protect aquaculture fishes from disease, it is useful to install devices and robots to detect and collect the dead
fish at an early stage. If the target is small fishes, there is a pumping method. But if the target is medium to large
fishes, it is not reasonable. Therefore, we devised a system for collecting dead fishes using AUV(autonomous
underwater vehicle) and wire. This report describes the configuration and operation of this system, and conducts
simple experiments to confirm its feasibility.
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Fig.1 AUV to collect dead fishes. It is equipped with camera, LED light, four thrusters, and

mechanisms to spear harpoons to fishes.
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Fishing Net

Fig. 2 Constitution and drive order of the dead fish collection system. Phasel: Robot moves the bottom of the
aquaculture net. Phase2: Robot discovers a dead fish using a camera and a LED light.

Phase3: Robot spears a dead fish with a harpoon and shift to the next run. Phase4: Robot goes up on the surface of
the water and sends instruction to reel wire to a winch using wireless communucation.

4BDOTURTELHTHIVFaTH =R Fa— 2Ok
FREXDHEHTE L LW L7, Fig3ll Fo— > ojif)
TR B 2 BEELR 2 R,

Figdla B 2(E, 7, ONE FE— Y OR— 2 2R E S h
REERTH Y, FO—COBELEEEE TS, 4/
DATAY =BT B RO FiE A5 A
F—ORERICE>TELLA(HMEDLYD MV Ti% G 2
bo F72, SRR Ry ) Dz HICBWTIE Fa— i
B ImgL FIIFbDH < o

INODOEMEICIC, Fu— v ol R 2 R ()
W2, Il B s AR R T,

(m+my)a=F, , (m+my)a=F, , (m+m,a=F (1)

Iewe = Te+ (I,-) w, wg
1, w,= T,+ (;-Iy) w: we 2)

Ioaw;= T+ (-]) we w,

XDIZBNWT, m -0/, m, , m, , ml
SEREERay)TELLE FO— VY ONINER, o . q, . a
S RPERE A (ry,2) T L 72 MR 5, F., Fy , Fz 135
CIVERT 26N 2 2REER TR LB THY, vy

(FZI TZ)

At

¥
Fig. 3 Simplified drone model with four thrusts and
torques, gravity, buoyancy.
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Example
Pixel value 1 ) 3
Appearance probability(%) 10 65 20
Appearance
Pixel value  probability(%)  Huffman code  Normal binary
O———mMmM8M8— 2 65 0 10
Op—— 3 20 10 1
1
0 1 10 110 01
1
il— 0 5 111 00

Fig. 4 Concept of the Huffman encoding. First, each data set is arranged in order of
appearance probability to create a tree structure. Next, 0 and 1 are assigned to
the branches, and the Huffman code is completed by tracing the routes.
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Fig.5 The red tape is detected by image recognition. The
response time was 0.5 to 0.7 seconds, indicating that
image recognition was possible in almost real time.

160 pixels divided into 10 segments

7N

120 pixels divided into 15 segments

E L 72 % B R 72 8 O A BUE DRI R 5 TBY, ¥
=T =T OHVBRDPRIN SN TS 2 AR T E
5o AT TORMIZ05~078T, Kb a Ry FOBEH
BUENZEH RO — AR TEZFTHES AW E XD,
B L 205 oI5 Th b LIENTE 5,
WIZ, T OBIRRRE EBROBTHMNTRICT 5720
TUTTAIYBER T AT AT LORG L T 5 AGHA
\¥~ 20 (Thunnus thynnus), 7) (Seriola quinqueradiata),
51 ¥ 28F (Seriola dumerili), < % 4 (Pagrus major) 73 &
AHEIFON, TNHOMILETZMELMANT LT
T N Lize W, 7 AT0 85T — 53R/ R
DOMETEFTRCGBERAM VSN S, Lo LA Tt
ERRAT DY, k& FRBERPROGEHE - TLE I 4
DKPTORANIIANE TH Y, T 2RI RMOFME
BRONTLE S, £2T, WMiFEDT— % ZRGB2 5
YCbCriZ 843 % ik a R L7z, YCbCriZB T, Yid
HiEE, ChizHofz, CridFofmEsrRL, WELIZA
BMOADPHL S LT HETH 5o MOKKIZH
S0HBIRO S DA% L, T4 b EYTRBIIREAT
HHDBELAMEEEL LTHAITSILT, £ ORMIc
BHATELWGER T T M D EFE T2, Fighld
B L7270 75 AOMEKTH Y, J64#E120 x 1601
HThoMWGET— 5 2RO LHIHEL, FRENOKX
W O FE 2BV TRGBA 5 YChCr~DO &M Z L, YF v
DIV ORI & FHfEE 7T a7 T Az,
CoOTUr T A0 EMRT 720, EERICME
f#i o 72 M {52 I B % 4T 5 720 Fig713 2 OB OB EX
THY, KPICHEE LR LIt B0 T
WKIEEWTZ 2V by =M ERE, LA ATETA MC
X ) RMOMWEREAT > 720 EBEOKIBIZB W TEH
JERSE VS, AT TERPSRT AT LRI

16 pixels

8 pixels

N

Converts "RGB" to "YCbCr" and uses
Y channel statistics and averages for fish detection

Y=0299R+0.587G+0.144 B
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Fig. 7 Schematic diagram of an experiment to detect fish on fishing net.
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Fig. 8 Image data from an experiment to detect fish. The target fish is in

the center of the screen.
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Fig. 11 Robot temporarily assembled for use in a simple experiment.
Microcontroller, battery, camera, and LED light are equipped
inside. Two spearing mechanisms are equipped outside.

Fig. 12 Photos of the simplified experiment. (a):Spearing one target fish. (b): Reeling in the nylon line and retrieving two
target fishes.
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