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Identification of Fish Species using Affine Transformation and Principal
Component Analysis of Time—Frequency Images of Broadband Acoustic
Echoes from Individual Live Fish

Dae-Jae Lee*

Division of Marine Production System Management, Pukyong National University, Busan 48513, Korea

Joint time—frequency images of the broadband echo signals of six fish species were obtained using the smoothed
pseudo-Wigner—Ville distribution in controlled environments. Affine transformation and principal component analy-
sis were used to obtain eigenimages that provided species-specific acoustic features for each of the six fish species.
The echo images of an unknown fish species, acquired in real time and in a fully automated fashion, were identified
by finding the smallest Euclidean or Mahalanobis distance between each combination of weight matrices of the test
image of the fish species to be identified and of the eigenimage classes of each of six fish species in the training set.
The experimental results showed that the Mahalanobis classifier performed better than the Euclidean classifier in
identifying both single- and mixed-species groups of all species assessed.
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echo om|A] s &7} 7] o] 753k o] Hjo] o] EA =

Sholl Bushs olB B ool ufet o} RRY, B ofe] ofe] that echo o] ] WL AR uliL, BASHE, 1
o B4, ol A9l Fesrd 54 Sol MR thes] uhe] W Aol 7 L o] 5 Fohul 2 glrks Ho] FEahol.

Fuba tf o o] SRFH AL T of gk Al7F Y FEuk o]
2 o2 e o= Yepdoh mheba], o]} 22 ofF o)E 4]
AZF-E3k echo o] | A|of] tigh S3Fehe EAS Ao
FEIAU B S EE o]&ste] o]F ofm )
& v, FAEHE o] Fo] SoFetA] Aol 7Hs5tH(Lee sto] A sh= o|n| A& &38| W= 7|Ro] de] Z-8= 1L ¢l
etal., 2016; Lee, 2016). YHH4 © & 9-2fifel FRa] < of glof THRizon et al., 2006; Gautam, 2013). o] of, I o]u|z] A}o] 2]
A= o0 o Fo] 2= AL Q= AR chirp o HEAIAI A SA B L G229 A2 (Buclidean distance), T+ uf

A, 2+ oln] 2] HjElE AlHs AU EFshs A2ofoll A
= FAE E4(principal component analysis, PCA)2- &3 &+

56 3 HAES ou]A|of| thgh 3L o]u] %] (eigen image)E
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61 o] g3to] 523t W& Fuid wsle] Sareta Rn g ul
Bho 2 oA o534 al7] aAE B olol that A7)
Z3}22 echo 0]] /o] gt Blo]e] Hlo]x T30 A M)
ojof slth(Rihaczek, 1968; Shui et al., 2007; Dong and Cui,
2012; Lee, 2015a). & Aol A= o] of o] -5 o]n] ] 1

3}l H] 2 7| 2](Mahalanobis distance)E ©]-8-31o] <~3§3tr},
2, o5 gho] 714 22 o|ul A8 $A olu|A| 2 sl
2]o]tHGupta and Singh, 2013). Z2]U, chirp o eI A A
518 o) gfo] 483t ofe] o] tlak AlZk-Fa4 echo o]
|%) 510} 74, chirp echo H24150] Al5Ro] gk 32
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G o} sptLol| iRt Al Sk G 2ol A= echo §-Hol
|eFsto] Al & ol Z-2-H|(signal to noise ratio, SNR)7}
| ket whebA, o & o|u|#] ¢ & ofuiel 1 F (affine
transformation)& -3l A| A S &, 2+ 01F-0f| tfj gt 11-F- echo -5
ol Uehhs kS thE oln|A] G LR o FAI S 2 H
22 SNR G o] o] FA || v 2= FF& JAAZE L art
QItk(Sijbers et al., 1996; Alonso-Caneiro et al., 2011; Singla
and Goyal, 2012).

2 Aol A= 1A ojuel My AR E4e Tl 5
gk 67l ofFoll Tzt AlXk-F3k4= echo o]m]A] T 2] Ho|F
Wlo| A% vero R $2e|t Al U ohelehey] s 72 A7)
(distance classifier)S Z}Z} L35} c). o] 25 2} 0% T
2 olu]x) TfEle] $AS K om BAsto] o)) £
s A Ssioitt. Eat, 272 ojo] EAJeh -5
A= AEE HAE ou|AE AAdske] & koA A|gE
B 71 A8 eto] 2t o) 52 wel, Askalct.
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2Ot echo O[0|X|Q] +=3t O}l

(affine) Het

2 Ao A= ApzolA 2ujEEh, BHA], Aol &
2}, Hof, A1) 67 oF, F 96 /HAo1E dAFO= oA
HeK(dorsal aspect)?] +25° AFA|ZF Ul A 2k 2.5° 7HA 2.
2 ZF o5 32070 (16T1H2] x 2070)9] chirp echo A& +=
sl th(Lee et al., 2016; Lee, 2016). ©]= echo H|o|E 39
A 80%+= Sh(train) H|oJE] 24, =3, U X] 20%+= H| 2
Etest) Hlo]E| = A] o] g5ttt o] wf, z} ofF-9] 7jAo] =5
] SHH 1A 25671 2] echo T ] E|(80%)E =31 SPWVD
(smoothed pseudo-Wigner-Ville distribution) 7|5 o] 2]t A|
253k ol |22 ARFSIALh 1 %, ]3] ojHl 7 of %
of Tt 25679) A7k} ofu] A ZHE Bt ARE-F}4:
echo oR| A& F535}0L, o] Z& 7} o Fof el 858 o]m|A|
2 A d|o]E H|o] Ao 553} tH(Shui et al., 2007; Dong and
Cui, 2012; Lee, 2015a). 3H4, 2} ofFofl thgt L 2] 2] 6471
echo T 0] E](20%) = 22 Wi o= B4t AlZF-F=1t4= echo ©]
H| A5 A8, o] S HIAES on| A 24| &SI &
ol A= Fig. 10|42} o] HIAE ofu] X7} A sfef A
AATEC 87 FRE= n]x] 9] ofFof thgt echo oW A|2faL 7}
A3t %, o] 5 oA E L2 AR BAS dsto] ofF
o AR AH AS =353t o] uf, =L ofFo X
ufa o] m] X (B| A E ofu] X))o thet Af- o|n] A= SH5-E o'
S5 onAEY TR A4S Sl BolXl ALFHE (7
A= ol-&sko] A8t o] F-o] A2 oA A wA|
O] ofFof thgt 15 o|n] x|} SH5-8- H| o] E] Ho] o] FEE
671 ofFoll thgt AL ofw|#] Ate]o] {F22|H <, = wishe}

e
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{ Fish Image Acquisition J

[ Affine Transformation J

[ Species Database Formaﬁon]
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(M=256, Nr=15, Nc=48)
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Difference Matrix
(Difference of Test
Image Matrix with
Mean Image Matrix)

Covariance Matrix
(Calculation of Eigen
Vectors and Values)

¥

[ Normalization of Eigen Vectors}

Generation of Eigen Images
and Reshaping
! L v
Weight Matrix of Train Images Weight Martix
for Each Fish Species of Input Fish Image

¥ 1
Simillarity Measurement
(Euclidean or Mahalanobis Distance)

Output Fish Image

Fig. 1. Flow chart of affine transformation and principal compo-

nent analysis (PCA) algorithm for fish species identification. The
test image was projected into the eigen-image space, and the Eu-
clidean or Mahalanobis distances of the projected test image to the
training images were calculated to identify the test image.

weH]2 7] AbEslo] 43819l Fig, 101419} 20] o) 5
Q7 b A o) 28, 5 SARET M R ol 2T
ojFAH o] Atz A Skt e of wf, FAFoll A 3]

= echo 415:9] SNRo] S}, Iz} echo 0|1
Artel] 24 3 Al 7b vepdh, 3 o3 o] ZpA|HSE7}
T245t0] echo A1 27} &1 © 2§55, AJ7E-F=1t4 echo
olul o] 94 Hfelo] HEAle] 487t HobHom et
(Alonso-Caneiro et al., 2011; Singla and Goyal, 2012). o] o]
=0l ©]& echo [P A& 7H 3-8 4 S 2 LERd 4= Ql= 7t o
F9 B AFN oloIA 22T LRt ek v,
o0 A A5 FIA717] AsliAl= 01§ echo A1 Zof tf
Sk AIZE-Frata o] m| 2] G Foll A 9] FRFol 7HE AR G

o Bh2 $23 3, 0|5 ofn|X| S hY OB R B4 S
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3o TRUIE] HRS 225He o] 9 2Rl o] F 99
3 AN 7 o} fol gk AI7H3 echo 11412 (1)
2] 9] ofu}el H2l7]H (affine transformation technique)=- 53]
1 & (shearing transform)A| 71 2(Fuh and Maragos, 1991;
Semmlow, 2004; Priscilla and Poorna, 2013), echo ©]7]Z] %
JvhS == (cropping)sho] 734 A= A AT

X, _dcosd —dsinf ; - X X,
(1= Cagims deoss) Ty 1715 (1)

(DAOIA (x, y)yi= AlIRE-Fats ofm| 2] 7} ofupel #MEhe 7 9]
23, (x,, y, )= ARk ofn| x| 9] 7]9F 3]zt ofsf
AR E= A #H, (x,, y )= AT o]u] 2] 9] 7| &2t
(FAA9] Fap)olct. E3t, di= o|u]A] 2715 B8] $igt
g4l L, 6= 3|3 Ztot

Ut o7 Aot o P 2 ofw]A] i E AW
Aol leiA= vl Ear gli= o]mlA] glolE o] Ag L=
gk %, m]A| 9] ofu] x| 7}k YW, tlo]E H|o]Ae ko]
= om|A] ZhEHl oA L AR 71 =8 oA Bt}
W RS AR oW A &2 A5k 7]<o] de] o] 8H L 9l
t}. o] of, ofn| 2] Afo]o] fAMI-E f-2T] <, Tz ulslebe
v A A 2] E £74351o] TS Gupta and Singh, 2013). & A
Lol A A$Fet Fig. 12] o] FAIE 71 o] 9F -2 732 vt
O 2 5431 Sl i, 67119] 2 of Fof| TRl iAo = E 5
)= 75 x 35 A (pixel)2] RGB o] u] A= ofu}d] #EhS 53
SNRZ 7HAAIR] &, 1 Hafl 55 48 X 15 A ] Tg|o] ofn
A| 2 HZIA[A o] FA ol o] 8-5GiTt. o] uff, 7} o] F o = RE
FETHFH A echo Al of| tgh AJ7F-Frak= o]w] A= of <l
HZHS 53l echo /20| Eddh= Yol digh HE3 2 s
T3t I 3§, 7t ofFol| Rt k58 ofm|A| Hlo]E] Ho]
29 H|AE ofn]7] glo]E Hlo]AF 77t 551l A A
o= g8 HAEG o2 FEH on|A|of thek 7h5A] 3
& Aol o] A5 Akt &, 11 gho] 7P A2 o|u] A& frA
olu| A2 WA sH= 7S NGl URbA QL ofu]A] A
of o] &5 = 2N AE7]= 7R Ee tigt glolH
O FAEARS A o2 Aol A T 7HEA] 3E HlolH
Apo] o] Al & AbEsto] T ou] 2] Ato] o] FAMYE WA g
th. olofl vhaf| wistetieH| 2 A8 7] = 712 ol thet o]
9] ¥5dS AlASH| Sl 8h5-8 o|w| A 8] AR E4s
SOl & AFAE o goto] T 7HsA] Y HloEl Ale] o] A
2 & Ataste] 42 Ae] JEE B R T on|A] Ato] 9]
FAVI S BATTE £ Aol olE F A7 T 7
o F&sto] 67) ofF LR Aojzl AIZk-Fut4> echo o]
Aol thgk eof 8 Hjo| A5 FEHgich 2L 5, 17]9] of o] o
=082 ZAete 490k 2719 ofFo] EAish= B-E 7HE st
o] ZYZ}o] H|AE o|u| A& FHlstaL, 22 A} viskete

N

(eigen image) &

& Aol A= SPWVDe] &Jgh o] 70 A7t o] A &
dAZEe = Adsl] 918l PCASHF-28]t ¢, B vistetie
122 7] AE71E ARt o FAEAI LS 551G o
HH4|.0 2 PCA= SPWVDO| &J3)) 435 = 0179 Al7k-F-a}
T Q% dlolg o e HaA 4= AL, F2E U, B
ofpslete ]2 A2l 2t ofFHE AZE-Fubs ofn| x| o] A
& H7FE S Qs v &AL R o] ch(Prasad et al., 2011;
Abdullah et al., 2012).

F Y 24 AlLg o2 RE A Es 2 o] T o792 echo
B ARk EA S, AR b g oo Rt 23
AR RS B Zetshs ARE-Futs ofu] 215 9 4= Slet
& AFolA s A B AR oSS e Fol 4
e o] 7} of R Al E= ATk o]u] RS HA5h=
AZE} Feaas 7o) SERHE| T 5 1 (row) X j (column) A A}
O|&(N=ixj)= olw|A] #s}o] 35 o|u] 2|5 sk Firh.

tHpo] o] F o 2 HE S E = 2200 YA o] 79 Al
Zb-Faba olu] A= 7t o] 7o ofn|A] L [ 2 T uf, o] 3y
He

A
H

Py Pp Py
1= p:21 p:22 p:2j 2)
by P, Py

o] FaL, Z} o]u] ] 9] column HE F 2

F =[Py Py, PPy Py Py Py Py Py)T 3
o] "t} 7| A, [#]7= [#]2] A3 Ho|ct. upeka], PCA] 9
3l Syl ojof 3 of ol gt AlZk-Fus: o]m|X| 9] S5 M
olgt g uf, o]u]] glolg Y3} S=

S={F,F,F,F,} @)

Po2 3

of Hth. o]5 AZE-Fub ofu|A|of| it Fat ojulA] Y=

I Mz

1
W_MmFi ©)

o] 511, 2 o}59] Algk-Ful4 o|u] 4| W] Fe} 1 B ol
2] e @ xpo] ] 2} 0, 9F ol Aol TiEt Az wlE] A=

o=F—-v,i=1,2,-- M (6)
A:[®15 ®2: ®37 QM]NXM (7)

o] FIt}. A% FEAH A C
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1 J T T
=HZ 0, 0/=AA ®)

=1

o] &aL, of7]A, ATLA«] Aot of At FEe 2
7]= NXNojiL, o] gof| tigh N

Mo] 163 2.2} LGl

ux=
Cu=2iu, u#0,i=1,2,-- M 9
O] S5 ot oA AofXIrh ALf{A|= Bt o] | x| ek &

AR A& YERI AL, ofof] Hl-g-5h= AL H B & F(row) T 3
(column) H}5F0 & e F5}H, A|7k-Feutg: o]u] 2] 9} G- 3
Apo] 31§ o| XS 7 4= Slek. e, Neko] 2 A%, 118
212 bt 09 71 Al7ko] AR E| 0, TEA Y AAS}
AT A9] TA o gt agho] W st o] A9, ATAYH] 3
7le MX M2 4531, T -2 9 AL E S 2462 g, vieb
s, ol 5 A Aolol

ATAY,= 1,5, (AAT) (AV)=1(A,). C(AV) = u(AV,)
(10)

o] TAZF JHgtch FEAFE C=AAS| tfgt FHE =
Avo|aL, 2H8- NojlA| MO.2 A=t o] uff, 115-2]= uu(
u=2)0] Bk 2, AATE o] gkl 73k ALY MO 1§
= AT AZ o] g5}o] 715t 11529} Zrrl(Slavkovic and Jevtic,
2012). whetk], 4] 8] AL o]n| 2] us= SH5of o83t MK

olu A 2, 3,
i=1,2, M (11)

of| ol Ak 4= itk o|ef o] F1jt ALf o] A= AIZk-
ahg ofu] x| FZhE A5k HE Foll A skl ARE-E ofu]
A& ¥4 4= 7P A Uehdl= 7| A E ot} &, 7}
oju| x| WE e} Hyt o]u]x] WlE 9] x}& #E(difference vec-
tor) 2 A] FAE Y o] a-fulE o sjgE Tk 34 3 E CY

IR Hat ofu| Ao tigh #Ake] 271E Y=, ol&
FolA A7 E AFHEER o] Fo - A o|n[X|7F Al
Ao oju|z|et 71 f-AFEE o] u] A 7} ETh(Rizon et al., 2006).

=22|C[AH I OfsteteH|A H2| AE7|

0% 4'85}7] 91el chirp ofLBAANLF o2 RE AAZE
O 2 A5 = o] echo AT 2 FE Shgo ARG AlZE-Fe}
= oA 9f g2 Afo] 28] oW A|(F)E WA FE8IAT 1L
&, 2} oju] x| 2} Bt o|w] 2|2k A H B & AFESte] A4t} o]

SR @F — W) BASISITE. o197 72 o]l A8t PCA DL
458 B3| AR 18- HJ]E—]Q,]-V]LHXJIOQ:G]-F AN ZEO 2 9]
el of ol tfet 18- olo] 219} 154 @

oA

w=ul (F—®),k=1,2,,M' (12)

of ©J3) el %}, 3 AT LA 2 MAM< M)2)
A B tha At LG E 2 A3l (Latha et al., 2009).
webd, D AR, 2 71EA 0 e o7 s

Q" =[w, v, o, o] (13)

1 ur. , U1X]9] of ol Tt o1 -L A1 5}7] $15tel WA
17k 2 4AIE)= echo A13.9] Alk-Ek4s ofm]x]9] 7h
1 ﬁé‘%(welght matrix) Q5 AAFSYSIT 1 35, 5Hs o] €] AL
of 3£3HE]o] 9z kWA 0}5:] echo 415 A E| FZ5k AKk-
etz of 1114 7HEx W 0,919 A 6 AxsAr of
), 55 Blo]E] Aol EAISH olFo] that skl 71 A
ofu|X|5 ol oju] x|2} 74 fAREE o1 0.2 Ak,

]

m>~

Wi

e=l(2-9)l (14)

1 oIl oo $AMY TR ol 3t §22ti2l A2
e, O olsteke s 2 A2 6, = 2k2E (15)43} (16)20] ]3] 7]
A5} tH(Arathi and Govardhan, 2014).

=10 -0) = ¥ 12, (w—why (15)

eu=1(2-0) = 3 (w—why (16)

TR, o A-AE512) ol A A HROHSA)

A 079 1% olul ) u B olato] chA] AAGE o), 1
A oJu] 7] Frie

F=7+ ]_\Z{: WU 17)

of] &) L5} th(Rizon et al., 2006).

=F

711} ol 71 )

01F2| chirp echo A1=0i| Chiet ool oj0|x|e| £

B Ao AF thako 2 3t 671 o]F Foll A HA|Q] Soj
WA o] 2HE =5 AZ-FH4 echo o]n| 2| 2] Y= Fig.
ﬂﬂ":f Fig. 2= oju}Ql H3h7]4-8- o] 8-35o] 1349 echo
SHEol Edsh= olu|A] FHIE AATE T, o7 echo §H©]
et AIZE 2 Fapg J 9ol gt Al ARk &3
Aot}
Fig. 29 (a)+= 3207] 9] AJZk-Foab4= o|u] 2] Fof| 4] F2L9] &
80% (2567H)& F&3to] 2Hd3gh ah<5-8 o] A] glo]E wo] A
o]z, (b= 1t A 20% (6472 A, ofFA1ES 913 Hl &



ARE-25}4 o] m 2] 9] ofstel W

train image set(256)

E-3
= ==
=3 F=3 F=3 3
=4 =3 E=1 Fal
Ead F=1 =3 Ewd
E=3 F&d....--EF=d =3
= QE=F | F=3l E X
== E=3 B=<{ =3
Bl == EFe3 Esl
= =1 =3 F=3
= = E=3 53

P 3
Fsd Esi

(@)

St YR RS o] §3 0|34 199

test image set(64)
P

Fig. 2. Training (a) and test data sets (b) for time-frequency images of large yellow croaker Larimichthys crocea. In order to improve the

identification performance, the image shape was transformed by an affine transformation with a resolution of 48x15 pixel. The images were

divided into two groups, a training set consisting of 256 images and 64 test images. All images were selected randomly from the full data set.

E§08 23t to]E o] 2otk Fig. 2014 o] & 3583}
HAER oju] ] Hlo]§ o] A Eallso] 75x 35 Tl ¢
g o] o]u] 2| 65°9] WEA| A HhaFo & Ak Al A ALt
%, echo $Ho] IF2 02 YeEh=48 x 15 ZA ] g oute
ﬂiﬁéﬂ@l =3 Aol

Aol A ARGt chirp o EAI A2 FE- 0-0.3 ms&f AlIZE
J} 85-225 kHz®| F-ub W flofl A A A2 $441 S5
7PE% A Al2Eo|tt o] wjiof z} Zof T oo
cho -SHAI 7} YEh7] AlAHE = 2RHRe) 1seu) ¢
%% | TRH= TR AT} Goolie Tl
Eﬂﬁ Tk wheha], 2 Aol A= olF SNRo| W2 %
echo 4137322 Fig. 20412k 2o of Q] Wehe: F3f
o ﬁl AL 5, oA ol o] §-8t3lct. 53, Fig. 2+= 2 ©f
T2 ol 7iA| o5 MS2222 4 Wi A1 A el oll A chirp echo
ATE FESIHSNE B8k 22 ofFH(Ey =)ol

O_L._I
e} ﬂll

ox Koot

N o o 12 2 og
Lm{w u

_L,

AARlo2] Bl A1gk &2 9l ufet 2t echo o] vl 4] R 2474
sHA g slsich
@ Y DR 0[0jX|9| 05 oEH 4

s QoA Aol AR ZulBe, X, n5o), B

s
2, 7], A1) Az echo o] U] A1 S A, AR A,

echo S| st Edsh= G99 YA} A4, #¢, 9
Al ghel HE e, Sl to] §438] o3| = E(hole)9 ¢
2] 9 &2 (contour) & 5-9] ofF 22 Q1 540 o] Fof
uheh A2 e S UER ot 53] Fig. 201 el o]n]
A 3 Hofl 3] Q= ofF Y24 4= 7} ofF mith A
2 E}E EILSICAZRR 2 7 UL d H Jlo] a7kl = TRt
HEAdol 2A5H37] “H—‘?*Oﬂ oJFAE S flEiME e A
Fo g 7 ol S 4= Q= WAl o|u]A] s
& FEU T, L AV B, #AE a7t ol sick(Foote,
1980; Fassler etal., 2009). wa}A], B Q1o A& o]} -2 of
T Y2 EAY AV v, AT HA o8 Aot gt
© 2 3k 67l o159 ZF2tol| 3k k<58 AlXH-F2114 echo o] v
A& o g 7} ofol thgt Wt o|u|A| HES &5+
tll, 7L A= Fig. 37 £tk
Fig. 32 o541 A|27]2] SNRE 7l A517] 915t0] 2} ofF
O] W& AZF-Futg o] 2| & o]ukQl HghS: 423435t &, 7t o]
Fo] o|u|A] s B 71253} FEHRFEA] A 412HA]X] 8
& A5k echo o]m|A|olt}. =, Fig. 39 (a)-(f)= ZF
&g, 3|, 5o, 25T, o, FAlol tigk g5
ZF-=uka= echo o]m| A|o| o}, ®3E, Fig. 39| 412k |X1 sh5-8
echo o[R|X| & o= Ht o|u|R]| s &lS -3t A= Fig.

Oi

o @ ¢
, mlm

01,_1

oo I3 |
R N /)8
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(d)

Fig. 3. Normalized training images obtained by averaging 256 training images for each of six fish species. (a) black rockfish Sebastes

schlegeli, (b) black scraper Thamnaconus modesutus [K], (¢) chub mackerel Scomber japonicus, (d) goldeye rockfish Sebastes thompsoni,

(e) konoshiro gizzard shad Konosirus punctatus, (f) large yellow croaker Larimichthys crocea. All color images were converted to grayscale

images before processing.

Fig. 4. Mean training image for six fish species of Fig. 3.

49} ek,
2 AR Fig. 4014 Ho12] 67] o) gt Bt Al
23} echo o] ] X9} E A Hlo]E] H]o] o] S Eo] gl
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Fig. 5. Eigen images of normalized training images for six fish species. (a) black rockfish Sebastes schlegeli, (b) black scraper Thamnaco-

nus modesutus [K], (c) chub mackerel Scomber japonicus, (d) goldeye rockfish Sebastes thompsoni, (¢) konoshiro gizzard shad Konosirus

punctatus, (f) large yellow croaker Larimichthys crocea.
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Fig. 6. Normalized test images to be identified. The test images were generated by averaging 64 test images selected randomly from the full
data set for each of six fish species. (a) black rockfish Sebastes schlegeli, (b) black scraper Thamnaconus modesutus [K], (¢) chub mackerel
Scomber japonicus, (d) goldeye rockfish Sebastes thompsoni, (¢) konoshiro gizzard shad Konosirus punctatus, (f) large yellow croaker

Larimichthys crocea.
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Jevtic, 2012). o] o, B4 <] Q14], E= AlHak= o] SlojAl=
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Z)A] ofgttk(Bhat and Wani, 2013). 2 ¢tof A= o] Fol|
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Table 1. Confusion matrix of normalized Eucledian distance for test echo images of six fish species

Predicated class

Fish Species - - -
Black rockfish Black scraper Chub mackerel Goldeye rockfish K. gizzard shad L. yellow croaker
Black rockfish 751 902 958 984 972 1000
Black scraper 888 809 875 976 992 1000
Actual Chub mackerel 975 900 832 1000 979 985
class  Goldeye rockfish 923 989 1000 770 964 932
K. gizzard shad 978 1000 978 965 849 898
L. yellow croaker 961 1000 952 894 866 772

Table 2. Confusion matrix of Mahalanobis distance for test echo images of six fish species

Predicated class

Fish Species - ) .
Black rockfish  Black scraper Chub mackerel Goldeye rockfish K. gizzard shad L. yellow croaker

Black rockfish 0.519 1.494 1.375 1.619 1.374 1.539

Black scraper 1.462 0.424 1.423 1.421 1.488 1.403
Actual Chub mackerel 1.597 1.723 0.487 1.628 1.600 1.629
class  Goldeye rockfish 1.506 1.361 1.594 0.508 1.554 1.389

K. gizzard shad 1.459 1.378 1.421 1.430 0.422 1.423

L. yellow croaker 1.486 1.537 1.391 1.404 1.484 0.447




AIRE-25}22 o] H| 2| 9] ostel Wt FAE BA

FAE EAS 5o ol 1 MEA(RANS o] §3to] 2} ojulx
Aol o] A5 20l WEA S AT 3, 2 Aol 4E1He] BF
2ol EARHE ZSH: ofF A2 1§ olnlA| S 223
3, o] 248 o}l nhstehizn] s AelE o] g3te] oj] 4
Mol Sty

Ofstetied|A 72| AE7(0f 2ot 0E AE

ol B2, Hof, 249 67 of %] o
ofE] o] 22 4E loje] ofu]«) s

2
SN0 F, 012 34§ vlo]d o] o] FE o] ¢
o]

7}
FAMS B7F, &, nstebie | A A 2 AR A= Table
2t} Table 20 YR F-AM] A HE(similarity metric)=
&2, WH 2], a5o], 5, Mo, fA| ToRREH =
gk AZF-Frutas oju 2| o] gk echo BE O] M50 112 5}7]
A8l 2 U A AE FAE Bl o IF-A|(EAHEA
tatsto] Aol Afolrt. WA, H|AESE- o]n]X] 9] Hlo|H
Hlo] AR FE Qo= 253t o] FH(F 1] &)l et ALf- o]v]
29 7V A] Y Ft k58 o|n] A 9] HlolE H|o| Ao FEE
o] o= 2HEE, UHA|, 1150, EE=, Hof, FAl 7+ 1L
K ofu] R of| tjgt 7Hg2] ol gt npstetieH] A A2l E A
4bstdet. 71 At mpslebie A A 2] ghE 7H2E0.519, 1.494,
1.375,1.619, 1.374 L 1.539=2 4], Zu]&2to] tjst Zho| 714+
2okt &, 2ulEete| tigh npskeblen] A A2l WA, 1L
5o, B2e, Mo, BA|of that 21 k2] 34.7%, 37.8%, 32.1%,
37.8%, 33.7%2A, o5 ©1F9] °F 1/3 2 e o] ¢
Fogk ofFo A TS UEh ST

b, 22 Wi o & 58 flolH Ho| Ao FEE]o] Q=
THA], 50, =&, Ao, FAIE o= B AE HojH
o] o] 278l 2 ¢12]9] o]F-2] AL o|u| o] thgt 715
A PES SYA A L2 oF 2t nisteien| A ALE
AlAFsEGTE 1 A, W%, aFol, EEE, Ao, FAl o
3t ulslelie | A A g 3R 242 0.424, 0.487, 0.508, 0.422,
044724, =2 o]F 230l thgt vfstelen| 2 A gho] 7}
A2 g2 UE it o] 59 A= E npslatie B A A
25 o] TAE S %t AN A &2 E-85h= A9, LAY g
2| (distance threshold)Z 0.6 J == A4 S}H, E Lo A 4]
oo 2 A4t 6719 e oS oA om AES
U= & URTh &, 7 AtellA o F AES el o83t
nfsleile | A A2 A7) f2E U A A7) E of
T Atolo] FAME S B7Is7] fIet A& el o] wlj-p- ol o] F
& Aokt vl 3k S UErH it E3, Table 1
I} Table 20141 & 4= Q1= v} o] mfstatle v A8}t {22 T
¢ A7 9] o] FAIH S 913 A 2 7} o] F 23] gt
Ae] o] oF 38%%} oF 85% &2 A, nfstatie vl A Aa| A
7172 Hd A A7 Ho} vl gk} o] of 22 A4

O&NN
R

P

of ME

tlo

o1 g3 o HAY 203

2t A2 7} ofn|x] sfele] B Ro| that E2H
A g akste] AREEIL SAMY 7 ol 7] o 815§t
2 A7
45 Asksts 542 ek 9l7] tholck. 1eit, ol 2
2 o|FA WS HgBkY] AL FouTkE 7} oj4l
o] £e3H= S PAHOR of 7| U2 T A5 of2ls]
1 o] 240 T3t o] o] S ALAfslof 2. olek 54
of chirp o84 A| 232 AF§-5to] thege] A7k} echo
oln] 4| HES 5tol o Hlofe Hlo| A2 15E Wast
Ik, webAl, Bl A ALAIZEO R 471 B echo o] 7] 4] ThEl
3} o] u] 34§ o]u]x] dlo]e] o] o] FExlo] gl o]u]]
el Afo]o] A H7HE 2 Aol A Akt nfshehier|
sfo] sagstel, wh$- Az o] Bo ol HA M AT
£ 92 4 9lg Aow ek,
£35], nhstebien] s Aol ofg o A7 e ST
Aelg DEABEHRA AT 9] o] of %]
R BIEE 91 AR A B BEEA] oIk A
g}, o] o] 3587} A GO T FRE o]n] 47} gL
o 52] A9l WEAo] A2l fAlsto] nhstehen| Az
7H 375 a5k 542 rehRgich. ek, ohstehen) 2
#2) 418712 o] g5h, 2t A Aolo] AR AR Zfol Liek
U WS RS AR R, 2 A 2 BEA 54

N
i3
tlo
o
oo
Ol

i O
B2, 7} olF m50) AR Fuke SR Ruto] 23]
who] o5 FEA SA R FAHS THFH Aol o

o
=
_?L
X
lok
oot
1,
rir
:?L
18
=2
>
o
N
E
o
2

o, 59] ool
§to] o %L AHT ol 3458 Hlolg] Hlo| 2] S5

ol 2443t 7} o] FHH ofu] ] Fi" o o3t A RE B} oSt
g a7) St} &, ool A ofd 27} ofFo] 7 LAlsHA
ol g A9, AAIZE O 2 =25 A|7k-Fak4= echo o] v A] T €
L 0|5 2719 o]F 150 93t echo o1 A] A Holct ultA,
FH 0859 0F 24 9] vl&of we} o] & AJZF-S3T14= echo
oju|2] HES BH3 &, o] ES Sh58 oMAR SES o
H, £9 5= o]F TLFof thet oFo A E 7hssltt.
OfstatcH|A H2| AE7|0 2t E2{E(mixed
species)Q| Al

o|2@AFo| A 274 €] o Fo] st Q= A, ol E olF L
Fol et ol S AN SS W7, B4 $Istel 2 ThE 2
o] ooz TAE 37H9] ofF 2ol that hsteien]
Ae|E =53 Z23}= Table 31} 7t} Table 3-& 11509} 1
A, 23 etat B, 2ok Hof 502 FHEE 37 o
% 25l dig olF0] fAMS B Autoltt. o) 7} of
% 18 PR 2709) ol 5ol that A7k echo o]u]
x0] Egul &L 217F S0%01 3Tt 3, 7} of el thate] 42



204 oA

Table 3. Confusion matrix of Mahalanobis distance for test echo images of different mixed species groups. The test echo image for each
mixed species group was extracted by averaging all images included in the test data set consisting of 32 images per species for each of two

different species

Predicated class

Fish Species group

Black rockfish  Black scraper Chub mackerel Goldeye rockfish K. gizzard shad L. yellow croaker

Chub mackerel and

o e 1253 1252 0.728 1.427 1339 0.955

Actual Black rockfish and

oee Baloraroadich 0.908 1,541 1522 0.836 1365 1408
Black scraper and 1367 0.815 1.229 1302 0.839 1263

K. gizzard shad
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