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Assessing Method for Feeding Activity of Swimming Fishes in RAS
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Abstract; The problem of effective feeding for swimming fishes in recirculating aquaculture system
(RAS) was studied. In order to solve this problem, a novel assessing method for the feeding activity of
shoal was proposed with the help of tilapia which was used as the experimental objective, and the
proposed method was based on the improved kinetic energy model. Instead of the complex segmentation of
foreground of shoal and the tracking of individuals among shoals, the change characteristics of reflective
areas of water surface caused by feeding activity of shoal were regarded directly as the key factor in this
method. Firstly, the reflective areas of water surface were segmented and extracted in HSV-based color
space. Then, with the help of the Lucas — Kanade optical flow, statistics method and entropy, the
disorder degree of the change in reflective areas was calculated and analyzed. Finally, combined with
information of the changing magnitude of reflection areas, the intensity assessment of feeding activity of
shoal was executed. According to the comparison and analysis of the experimental results, the proposed
method showed good description in intensity of feeding activity of shoal with different digesta index of
stomach and bowels (20.35 £ 10, 150.61 + 10) under strategy of over-satiation feeding through
intermittent feeding at intervals of (40 +2) s.

Key words: swimming fishes; recirculating aquaculture system; feeding activity; improved kinetic

energy model

Wk H . 2016 —01 —22 & H# . 2016 —02 —25

BEGE: * | 5" F SR BT H (2014BADOSBO9 ) FIVT 45 £ % #1451 H ( BE2015325)

FEB B : B (1990—) , 5, {28, 25 A JERE Ml K 7= 728 40 R BT, E-mail : jsisjspzi@ 163. com

BEVEE: VF (1982, 0 WIS, W A S0 , 3 B A M K 7= 76 B T4 R 555 4 5, E-mail; yayzju@ zju. edu. en



5 8 1)

A A DRFR AR SRR W Uk B 2 AR 1 )5 BE PR A T I P 289

5l

AR K 7 R B R B R R K 7 SR AL
SR — o e Il B T A S A R, 2014
AEFRE K™ i SR A S IR B 4 748,41 T, 2y i
P 7 il 2R 7 BRI 73, 49% T I vk ) £ 2 7E I
H A AR OK R EL TR L A, 28 R A 3 L
FRE N EBEE K SR H 4R B = LA K ER
SRS Pl R W I Y, v B PR B IR PR K SR FE AR S E
R A S AR SR AT B K 3R B R A R
A I e Al e 32 B F AR, G b LR T SR Y SR AL
2R TR REUIE S ST, WU A 20 1 £ 4 25 5 | kS 5 B %
REVPI IR o FLUK, TRE A 2 B A IR B LA 1Y
FE A AR, B v ) P S B 5 5 K A A
HEEMER . 5340, 5k 1H AR Y7 e 3 28
AR T K BRBE 0 DR A G A
MR RS R AIE S 8 A R

A KA MR B A B F 5 A v T SE I R | R
PR 1R b CRIDEE T BB ) B 2 R
Mg ) o SCHR[6 — 10 JHE 1 AH OCH AR (H X S R
AR AR AR, 0 2R 1 Bl 2 3 B R 5 B AR
A By 5t i OR B, By BURE 5 5 O T A 2 AR I X
B & R B Ry, ok E M TR PR OK R R 48
(Recirculating aquaculture system, RAS) H 4 /) ( £
O RIE L.

F SR 5 H AR XS B AT Ry BEAT 43 BT o —
Az AEARRK AFAAMN TR . B
HE e 2R o A I iz 3 B AR i A &, JF S iz
ol H bR 00 dE A BRI, A0 B 00 R A AR BE 4 5 e AT
RO TR EE R . SR, B R T RS 3 B AR R
ERARNXE , iz SR o 22 H be BRER i & 4 1k ) 52
PEAE T SEAUILSE A 88 S — AR AR . Mk, TR
U 242 1) P 7 B0 P b B 7 X R 4 9 9L 9 £ G
TR TG SRR HEAT B AL, 38 3 X 45 AR LA B S L A
o AR A (AR AT TR DTG S B A B
WU BE A 5 2007 EE R A T MG B AR E IR
BRI AR KLU R N R ESHFREWN T
Poo LIU S5 5 b it 6] 22 43 32 ot 416 B4 K 35 5 K 0
PR EE A8 B SRS S EAT 0 b, e 2 T RS AGE B
F BB, (H % 07 125 AW 22 708 225 80 L R AN
JE B0 1 AR e A sl A A K ROt
R E A, 07 T XS 2 WUAE b
PR HIR AT DL ) 8 A B8R A7 ) B, 3k A S B v R
e EBHXMELL LI

Ffig (Kinetic energy ) 15 B J& — B 5E TG
55 H AR SRS A R T 6 Ik S b

il

e 1 ek G I T B ) 3R Y i o S TR 114 722 Al 3 T HE
Wy Hh ) TR RS B B % 5 1 B T 1, RS S B Tz
B H ARG RN, 42 B H ARz 3h K1, XS H s 1 BR
BT BURT, Sh AR AR TR R R AT N IR
T A R RS o By T A I8 I R DL
B o P, A SR A £ (R Y ik R AR 2 ) Oy
g xE G, N RAS SEPRSRFE A JE R (R 2 A
Pemd) 455 Ui Uk 8L 40 2 ) BB RE M 7R JC R X A
FIARFEAT A5t 42 IO SR At b A1) P ek gl REASE TR 06 A
Fhy AR 45 T Sl i | A K T RO X 8 A AR AR
(T A8 2 UCBOR S ) AT 0 i R4S 5 P fa
i 8 L 5 i s BN P A £ £ R B £ 9 Sl 5 B O
fili o

1 M5

L1 ZHRHH

ARSI v T U e 1 B A P Y @7 VL North
Supreme Seafood 7\ &) ., Fif Wy i T 76 SZ 46 & RAS 1
B FE 60 d,fff S N SE 0 % RAS FREA BT . SL I )
B AEEH N 60 &, i (60 £10) g, 7EH =L
e S 1), B4R e . B AR R R R 3 4
(00:00.,08:00.,16:00) , &4 40 n AW (n i % 3E
fa A ) BRI AT IR (40 £2) s, IR AR IR 1]
BHEEN (10.8 £0.4) g; 6 HEJy 1 : LED A8 W] AT 455 401
36 B & 1 (06: 00—18:00 [ /&, 18 : 00—06 ; 00
") o

A 52 55 v T 5 IR AR 38 R R T R SR 1 T
T 3B A B F
1.2 XWRR%
1.2.1 RAS 45y

A SEH S K RAS (& 1) F A5 4 76 K 57
B (AR 1 mg KA 8 B 2 (43 £2) em) FEHILLE
i EBAY B AR R o A CEE A K5 R Ah
ATEAT o PEIR K b i S0 B3 78 A ZE W ikt b T
A 2l AR . 7E R AT 3R DL S S R R, SR A
P il 40 (DO) fREFTE (6.5 £0.5) mg/L, & &
(TAN) 7E 0.6 mg/L DN, fb 2% 75 % & (COD) 7E
1.5 mg/L AP 5 7K U pH B R K A4 378 o5 43 3] 4 ] 7
(27 £2)°C 7.8 0.3 F1(500 +10) L/h,
1.2.2 8N RS

AL P K B R G AL - L
R4 R4 (Dell IR 4% #%: CPU Xeon X5650, #i &
2.66 GHz, N1f 24 GB; i FE B CCD &iF s 12 AL«
DS —2CD6233F —SDI #Y) MW R4 (4 & LED) I
MRS, PR RGEH  TRAG L ZE R AE 77 8 M 1
5, BE K 1.2 my HOR 42 K {2 N 24-bit RGB,



290 & A Bl B ¥ i

2016 4

1 506 R g B
Fig. 1 Apparatus schematic of experimental system
L. kgs# 2.PLC 3.LED 4. f{RHL 5. HRARE 6. LWk
i 7. EAS R 8 B EA 9. M EA 10, JRAH
1K 120 AR AT

1080 x 1920 H A 1%, RAEH ANy 25 Wi/s, ]
RGN R G5, LED RSB AT R 4% 2% 2
PLC( =22 FX2N) 454l 5 H A R 3E % U ) 22 F ik, AR
BI KT 000 P S A R AT B
1.3 BEBaHEHENE

ARSI e i S Rk T R AR 1 HEE Y,
S rh BR S0 W Ah Oy B 3 AT R R T R
i B M5 78 4 ( Digesta index of stomach and
bowels, DI) fil ", SE6 I UA T, 4t A H5 DL ik
36 h, I =4 AE BN EY. LR
6], S 0 7E [A] — i [A] B 48— B # i — K, JF 7R
oL MRS A (] B 1 b 43 ) 0 S v P AT 0 BRI
PEATAR A BRSO BRI, SE g 7
FRABHLIC % 2 By A0 A B 2 A7y 1 [l i, AP A7 %
B BE LSS 3 R % Ak i A T iR A7 MS222
TR VB SRR R AT R R R I (7 L A ) P SR R
i i 3 5 BUR R 4 R AR ) s RGO R

:

(@ VA ETHERER
2 RIGCK I E R

Fig.2 Segmentation procedure of reflective areas
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