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Tab.1 The results of the Grubbs test for manually measuring morphological parameters of beak
UHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL
1 0.12 0.34 1.85 2.26 0.15 0.08 0.44 0.03 0.06 1.18
2 0.19 0.30 0.06 1.46 0.46 1.21 0.87 0.85 0.01 0.90
3 0.13 0.91 0.87 0.34 0.23 0.64 0.62 1.18 0.90 0.35
4 0.28 0.04 0.84 0.04 0.79 0.18 0.48 0.78 0.66 0.15
5 0.97 1.02 0.63 0.72 0.76 0.44 1.05 0.77 1.92 1.15
6 0.82 0.40 0.26 0.30 0.67 0.25 0.23 0.85 0.68 0.02
7 2.44 2.36 1.42 0.92 1.88 1.64 2.20 1.95 1.76 1.96
8 1.04 0.90 0.82 0.33 1.39 1.11 0.92 0.89 0.11 0.35
9 0.33 0.46 0.61 0.04 0.28 1.46 0.72 0.42 0.36 0.66
10 0.22 0.32 0.72 0.03 1.21 0.83 0.12 0.34 0.53 0.92
x2 HEHNMRNEARIESESHHITRUDTIEGHRER
Tab.2 The results of the Grubbs test for measuring the parameters of beak by computer vision
UHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL
1 0.12 0.33 0.53 1.68 0.15 0.68 0.49 0.16 0.64 0.27
2 0.07 0.06 0.04 1.17 0.49 0.46 0.54 0.02 0.68 2.34
3 0.36 0.68 0.07 0.64 0.50 0.41 0.95 1.56 1.13 0.20
4 0.23 0.20 0.45 0.07 0.25 0.06 0.23 0.16 0.27 0.55
5 0.88 0.81 1.36 0.88 0.83 0.30 0.44 0.94 0.15 0.70
6 0.21 0.09 0.58 0.40 2.07 0.06 0.32 1.18 0.91 1.05
7 2.67 2.71 2.11 1.79 1.69 2.26 1.50 1.06 1.33 0.85
8 0.86 0.51 0.72 0.35 0.12 1.63 1.76 1.64 0.97 0.65
9 0.16 0.13 0.60 0.21 0.41 0.48 1.21 0.47 0.27 0.37
10 0.21 0.25 0.96 0.14 0.57 0.02 0.58 0.36 1.76 0.39
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Tab.3 The average results of morphological parameters of beak measured manually

R3 FUNBARTESESHEATYEER

(mm) UHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL
1 19.70 25.28 9.61 26.81 6.53 5.85 12.71 6.73 17.00 12.74
2 19.53 23.57 7.21 12.63 6.05 4.87 10.91 6.02 16.85 9.74
3 19.68 22.00 5.95 16.67 6.23 6.48 11.25 5.76 14.02 10.53
4 20.68 24.50 5.98 17.78 5.79 6.08 12.76 7.33 18.86 10.81
5 17.66 21.70 6.27 15.32 5.81 5.53 10.67 6.09 10.88 9.38
6 18.02 23.32 6.77 16.84 6.94 5.70 11.78 7.38 14.69 11.08
7 17.50 22.02 6.01 16.71 5.32 4.95 10.85 5.99 17.15 10.53
8 20.79 25.58 6.29 18.11 6.19 7.19 13.09 7.04 17.92 11.99
9 20.53 25.23 8.09 17.82 7.36 5.20 11.93 6.43 18.47 9.70
x4 HENURNEARIESESHEATHELER
Tab.4 The average results of morphological parameters of beak measured by computer vision
(mm) UHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL
1 20.152 23.115 7.235 23.245 5.780 6.198 12.686 6.276 17.611 12.231
2 20.295 23.869 6.663 15.529 7.027 6.298 11.686 6.078 17.512 8.449
3 19.450 22.133 6.705 16.976 5.107 6.321 11.294 7.696 16.420 12.123
4 21.224 24.635 6.079 18.507 6.573 6.543 12.437 6.267 18.508 12.642
5 17.884 21.760 5.009 16.322 4.462 6.651 11.782 5.141 18.811 10.814
6 19.885 23.799 5.920 17.610 4.085 6.540 11.898 4.893 16.956 13.354
7 17.949 22.594 5.766 17.766 6.326 5.768 10.516 4.424 21.539 10.885
8 20.026 23.672 5.903 19.288 6.886 6.732 13.375 6.584 18.514 12.370
9 19.878 23.341 7.744 18.311 7.194 6.521 12.768 6.476 23.469 12.407
RS 1 SHEAFHNESHENARNERLSESHRERS N

Tab.5 Analysis of the results of manual measurement and computer vision measurement of morphological parameters of Sample 1

C.V, C.V,

(mm) (%) (mm) (%) (mm) (%) (mm) (%)

UHL 0.34 1.64 0.44 2.09 0.262 1.291 0.329 1.621

UCL 0.27 1.08 0.34 1.39 0.355 1.482 0.448 1.871

URL 0.18 2.75 0.23 3.59 0.085 1.386 0.109 1.777

ULWL 0.44 2.57 0.63 3.71 0.324 1.693 0.379 1.979
UWL 0.17 2.80 0.24 4.09 0.106 1.847 0.139 2.419
LHL 0.18 3.39 0.22 4.12 0.100 1.807 0.127 2.300

LCL 0.43 2.43 0.53 2.97 0.111 2.377 0.156 0.855

LRL 0.21 3.75 0.27 4.75 0.078 1.508 0.114 2.199

LLWL 0.44 3.64 0.51 4.22 0.159 1.255 0.200 1.585
LWL 0.31 3.22 0.39 4.11 0.101 0.934 0.134 1.238

C.V,

,C.V,



256 52
0.50 = FplE
0.45 —— ITEHAE ’ ’
2000

i 0.35

% 0.30

& 025 ’

g 0.20 « 3
312 4) « 5
0.05 >

00 1 L L 1 1 1 1 1 J 5%, (
UHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL
e 25t , 2004),
’ ( , 2012)
(5 2 5 3

Fig.2 Comparison of mean absolute error between manual UCL R

measurement and computer vision measurement

% - 5
40%r o SmE , ,
3.5% | —e HEHNE
3.0% , ( ,2011)

i

oK 2.5% N

= S0% 1 o FippE

@ 2.0% 4.5% —e— HHEHNE

£ 15% 4.0%

0,
0.5% ﬁ 3.0%
> 0,
N 55 2:5%
UHL UCL URL ULWLUWL LHL LCL LRL LLWL LWL B 2.0%
S 1.5%
1.0%
3 ‘ A 0.5% f
Fig.3 Comparison of average relative error between manual 0% ) ) ) ) ) ) . ) ,
measurement and computer vision measurement LOJHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL
PS5
0.70 ¢ = FINE ERFSH
- TENNE 5

0.00 :
UHL UCL URL ULWL UWL LHL LCL LRL LLWL LWL

=
4

Fig.4 Comparison of standard deviation between manual
measurement and computer vision measurement

3.1

Fig.5 Comparison of discrete coefficients between manual
measurement and computer vision measurement

, 2006),

3.2



257

(McHorney et al, 1992)

5 4 (5 95,
ucL
( ,2003; ,2016)
3.3
,7
, 7
( , 2019),
UCL
2 (1)
( ,2013)
(2)
(3)
(4)
, UCL
(

2003)

,2017; ,2019)

, 2005.
, 26(3): 73—75
,2003.
,24(3): 37—38

> s

, 2010.

4950
, , , 2014.
, 36(1): 78—89
, 2019.
, 41(6): 209—213
, 2004.
23(6): 35—36, 53
, , 2006.
, 15(8): 89—90, 95
, , 2009.
33(1): 157—164
, , , 2015.
, 46(6): 1365—1372
, , , 2016.
821827
, 1998.

, 18(6): 26—27

» (3

, 47(4):



258 52
, 2016. 30(1): 30—31
,37(11): 1541—1542 , , , 2011.
, 2012. ,40(12): 1833—1838
: ,8—10 , 2011. —_—
) ) , 2019. , 12(2): 163, 165
» 43(12): , 1996.
2501—2510 ,16(3): 12—14
, , , 2018. , ) , 2004.
» 49(6): ,25(5): 185187
1365—1374 Fowler A J, 1989. Description, interpretation and use of the
K > » 2020. microstructure of otoliths from juvenile butterflyfishes
» 4405): TTT—T783 (Family  Chaetodontidae). Marine Biology, 102(2):
, 2004. : ,53 167181
’ ’ 29(’1 Zz)ogi '728, 117<S'M°des Liu B L, Jin Y, Chen X J et al, 2019. High individual variability
2000, . , in beak stable isotopes of jumbo squid off Peruvian
24(12): 1—4 Exclusive Economic Zone (EEZ) waters in the analysis of
’ . 2013, migratory and foraging ecology. Journal of Ocean University
. 2702): of China, 18(1): 232—238
83— 87, 92 McHorney C A, Ware Jr J E, Rogers W et al, 1992. The validity
. , . 2008. and relative precision of MOS short-and long-form health
. 46 status scales and Dartmouth COOP charts. Results from the
, 2019. | medical outcomes study. Medical Care, 30(5 Suppl):
. ,9—11 MS253—MS265
, 2017. Rypel A L, 2008. An inexpensive image analysis system for fish
,7—9 otoliths. North American Journal of Fisheries Management,
, 2003. . , 28(1): 193—197



1 : : 259

MORPHOLOGICAL STUDY OF CEPHALOPOD BEAK BASED ON COMPUTER VISION
: MORPHOLOGICAL PARAMETER MEASUREMENT

HE Qian-Han', SUN Weng-Jie’, LIU Bi-Lin""**>° ~KONG Xiang-Hong"*, LIN Long-Shan’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. College of Information Technology, Shanghai
Ocean University, Shanghai 201306, China; 3. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry
of Education, Shanghai 201306, China; 4. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University,
Shanghai 201306, China; 5. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China; 6. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural
Affairs, Shanghai 201306, China; 7. Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

Abstract The beak morphology is widely used in cephalopod species identification and population discrimination.
Manual radial measurement based on vernier calipers is the most commonly used method to obtain beak morphology
parameters. A method for extracting beak morphological parameters using computer vision was proposed. First, the beak
feature points and spatial coordinates were extracted using MATLAB. Next, the spatial distance between the feature points
was calculated. Finally, the values of extracted beak morphological parameter were compared with the measured result.
The results indicate that the arithmetic mean values of the 10 measurements obtained by the two methods were very close.
The average absolute error, average relative error, standard deviation, and dispersion coefficient of computer vision
measurements were less than manual measurements results obtained, except for the morphological parameter of the upper
crest length. The arithmetic mean of the morphological parameters obtained from 10 repeated measurements of each
cephalopod beak sample using two methods was close, but the average absolute error and average relative error of the data
measured by computer vision were less than the average absolute error of the manually measured data. In addition, the
average relative error indicates that the measurement results of computer vision were accurate and closer to the true value.
Analysis of the standard deviation and dispersion coefficient shows that computer vision could repeatedly extract the
morphological parameters of the beak of each sample multiple times. It was more concentrated near the true value and the
precision was greater. Computer vision not only provided a fast and accurate method for measuring the parameters of
cephalopod beak, but also greatly promoted the widespread application of beak morphology parameterization in the fields
of cephalopod population discrimination and species identification.

Key words beak; morphological parameters; computer vision; manual measurement



