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Research on the field measurement method of absolute
attenuation coefficient of seawater
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Abstract : Absolute attenuation coefficient is an important parameter to characterize the intrinsic optical properties of
seawater ,and its measurement in the field of water body absolute attenuation coefficient is of great value in the field of
underwater photoelectricity detection. VIPER hyperspectral attenuation meter can be used to measure the attenuation
coefficient of the water body,and it has a relatively obvious cost advantage compared with AC-S meter. However, VI-
PER can only measure the relative attenuation coefficient of the water body,and cannot directly obtain the absolute at-
tenuation coefficient of the water body. To address this problem,this paper gives a VIPER-based field measurement of
the absolute attenuation coefficient of the water body,the derivation of the basic formula for the VIPER measurement
of the absolute attenuation coefficient of the water body, and the design of experiments to verify the reliability of the
VIPER measurement of the absolute attenuation coefficient of the water body. Comparative experimental results show
that the field measurement method of absolute attenuation coefficient of water body based on VIPER given in this pa-
per has good accuracy and reliability. The method of this paper can make VIPER used in various underwater photoe-
lectric detection fields,and realize the rapid calibration of the absolute attenuation coefficient of the water body.
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Fig. 1 Basic measurement arrangement of VIPER
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Tab. 1 Measurement range of VIPER

path length/mm
parameter according to unit factor
10 50 100 150 250
SAC436 DIN EN ISO 7887 :2011_method B 1/m - 1 ~250 0.2 ~50 0.1~25 0.06 ~17 0.04 ~10
SAC525 DIN EN ISO 7887 :2011_method B 1/m - 1 ~250 0.2 ~50 0.1~25 0.06 ~17 0.04 ~10
SAC620 DIN EN ISO 7887 :2011_method B 1/m - 1~250 0.2 ~50 0.1~25 0.06 ~17 0.04 ~10

i3 1 AT 6T 1S07887-2011 [ B i th 41
JE I 7K €80 7 4 (436 nm 525 nm 1 620 nm) , 4
VIPER HA 150 mm SEFERS, Hal &t i) i/ AU E

5 0.06 x0.15 =0. 009,
3 VIPER M2 kE4E3T =B RZEPHEARLK
iz il VIPER I & v 75 AR U AU 1 AH X 5 Ik
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Tab.2 Absorption attenuation coefficients for pure water (7=22 °C)

A/nm a/m™" b/m™! ¢/m™! A/nm a/m™! b/m™" ¢/m™!
360 0. 0066 0. 0092 0.0158 545 0.0511 0. 0015 0. 0526
365 0. 0063 0. 0086 0.0149 550 0. 0565 0. 0015 0. 058
370 0. 006 0. 0082 0.0142 555 0. 0596 0.0014 0. 061
375 0. 0056 0. 0077 0.0133 560 0.0619 0.0013 0. 0632
380 0. 0052 0. 0073 0.0125 565 0. 0642 0.0013 0. 0655
385 0. 005 0. 0069 0.0119 570 0. 0695 0.0013 0. 0708
390 0. 0048 0. 0066 0.0114 575 0.0772 0. 0012 0.0784
395 0. 0047 0. 0061 0.0108 580 0. 0896 0.0012 0. 0908
400 0. 0046 0. 0058 0.0104 585 0.11 0.0011 0.1111
405 0. 0046 0. 0055 0.0101 590 0. 1351 0.0011 0. 1362
410 0. 0046 0. 0052 0. 0098 595 0.1672 0. 001 0. 1682
415 0. 0046 0. 005 0. 0096 600 0.2224 0. 001 0.2234
420 0. 00454 0. 0047 0. 00924 605 0.2577 0. 001 0.2587
425 0. 00478 0. 0045 0. 00928 610 0. 2644 0. 0009 0.2653
430 0. 00495 0. 0043 0. 00925 615 0.2678 0. 0009 0.2687
435 0. 0053 0. 0041 0. 0094 620 0.2755 0. 0009 0.2764
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Tab. 2 Absorption attenuation coefficients for pure water (7'=22 °C)

A/nm a/m™! b/m™! ¢/m™! A/nm a/m™! b/m™" ¢/m™!
440 0. 00635 0. 0039 0.01025 625 0. 2834 0. 0008 0.2842
445 0. 00751 0. 0037 0.01121 630 0.2916 0. 0008 0.2924
450 0. 00922 0. 0035 0.01272 635 0.3012 0. 0008 0.302
455 0. 00962 0. 0033 0.01292 640 0.3108 0. 0008 0.3116
460 0. 00979 0. 0032 0.01299 645 0.325 0. 0007 0. 3257
465 0.01011 0. 003 0.01311 650 0.34 0. 0007 0. 3407
470 0. 0106 0. 0029 0.0135 655 0.371 0. 0007 0.3717
475 0.0114 0. 0028 0.0142 660 0.41 0. 0007 0.4107
480 0.0127 0. 0027 0.0154 665 0. 429 0. 0006 0. 4296
485 0.0136 0. 0025 0.0161 670 0.439 0. 0006 0. 4396
490 0.015 0. 0024 0.0174 675 0. 448 0. 0006 0. 4486
495 0.0173 0. 0023 0. 0196 680 0. 465 0. 0006 0. 4656
500 0. 0204 0. 0022 0. 0226 685 0. 486 0. 0006 0. 4866
505 0. 0256 0. 0021 0. 0277 690 0.516 0. 0006 0.5166
510 0. 0325 0. 002 0. 0345 695 0. 559 0. 0005 0. 5595
515 0. 0396 0. 002 0.0416 700 0.624 0. 0005 0. 6245
520 0. 0409 0.0018 0. 0428 705 0.704 0. 0005 0. 7045
525 0.0417 0.0018 0. 0435 710 0. 827 0. 0005 0. 8275
530 0. 0434 0.0017 0. 0451 715 1. 007 0. 0005 1. 0075
535 0. 0452 0.0017 0. 0469 720 1.231 0. 0005 1.2315
540 0. 0474 0.0016 0. 049 725 1. 489 0. 0004 1. 4894
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Tab. 3 Relative errors for selected wavelengths of the attenuation coefficients for different water bodies

FEXT 22/ %
P/ nm

FIAK AR L AR 2 AR 3 fouA it

501.2 3.27 1.94 -1.53 0.70 50. 07
506.2 0.49 0.04 -2.07 0.15 48.70
511.4 -1.83 -1.45 -2.69 -0.27 47.53
516.5 -3.91 -2.25 -2.94 -0.53 47.22
521.6 -3.94 -2.00 -2.46 -0.38 48.09
526.3 -3.49 -2.14 -2.58 -0.20 48.33
531 -1.28 -0.70 -1.84 0.11 49. 60
535.6 -0.84 -0.08 -1.44 0.46 50. 38
540.2 3.73 2.07 -0.24 1.31 52.98
544.9 5.84 3.82 0.17 1.57 54.65
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Tab. 3 Relative errors for selected wavelengths of the attenuation coefficients for different water bodies

TR %
P ie/nm

PN AR L AR 2 A3 fiiA it
549.7 6.90 4.22 0.82 1.92 55.28
554.5 8.27 4.88 1.13 2.29 56.39
559.4 9.53 5.72 1. 60 2.60 57. 66
563.9 10. 84 6.42 1.89 2.87 58.54
568. 8 11.70 7.04 2.35 3.09 58.64
573.2 11.48 6.68 2.16 3.10 59.04
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Fig. 6 Absolute attenuation coefficient of tap water measured by VIPER
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Fig. 8 Attenuation coefficients versus wavelength for " Fenjiezhou" waters

4.0

3.8 4

3.6 4

3.4 4

3.2 4

3.0 4

2.8

35IO 460 45IO 5(')0 5'50 6'00 6I50 760
Wavelength/nm
B9 SRR IR R 0 RS B R
Fig. 9 Attenuation coefficients versus wavelength for " Houhai" waters
H AT T, % KR OGBS R F Y 532 nm i
Ko, 20 T K R 46 % U R A 0. 63 m ™' i
JE R K R L X R 08 R Bk 2. 85 m ™ R NI
B 452 15, KK TR ORI B i LR R G REL
ey 7253 SN S ) M I BE 2S5 1% 75 1 i
RO PR RS , 55 0 25 240 0T 5 U R B0 AR X DG R B AR
AL
DA b 250 = F AN 1 S5, O TR T AR SOK
AR 248 ] 3 Yol R b o T 1 ) TE AR
5 & i
ARCY T — BT VIPER B 7K 1 48 %of 58
RBONE 75 . ek X VIPER I B KK S50
R a5, S A VIPER 0058 7K (R 446 %o 5 0 2R 25011
AN ARG AC-S T 25 0 L S 56, 156

VIPER f I 5EME ; FF R VIPER FIASCI7 06 it 7Y
TR 24 06 S0 2R BOIEAT IS &, HF 455 K T Ok
HL IR S N T R 1 AR SO 6 AR

S 3k

[1] Chen Xiangzi, Yun Ziping. Definition and measurement
methods of some Intrinsic optical parameters in marine
optics[ J]. Journal of Hainan Tropical Ocean University,
2022,29(5) :97 - 105. (in Chinese)

WRHET, ST P e oy T AL A S8 E
SCRAMEETT LY ] 5 vl TR0 W 9 2 Bt 27 41, 2022, 29
(5):97 -105.

[2] Shi Feng,Cheng Hongchang, Yan Lei, et al. Advances in
underwater photoelectric imaging technology [ J ]. Infrared
Technology,2023,45(10) :1066 — 1083. (in Chinese)
AW 5 F A, S5 KR G UGS H AR WF 5 3 g
[T]. £LAMEA 2023 ,45(10) ;1066 — 1083.

[3] He Dahua,Zhang Ruiwen,Li Yangyang,et al. Underwater
electro-optical imaging model[ J . Optics & Optoelectron-
ic Technology,2023,21(5) :107 —116. (in Chinese)
iR A K EG S, 25 BB, 458 K R OB HL SRR [T ].
YeE R HAR ,2023,21(5) ;107 - 116.

[4] Zeng Fengjiao, Yang Kangjian, Yan Xu, et al. Research
progress on underwater laser communication systems[ J].
Laser & Optoelectronics Progress,2021,58(3) ;23 —34.
(in Chinese)

R e, 2=, 45, K TR Ot E A RSt
FELT]. ol 5 e 4k 2021 ,58(3) :23 - 34.

[5] Zhao Liancheng,Mao Zhihua, Tao Bangyi, et al. Analysis
of uncertainties associated to underwater hyperspectral at-
tenuation measurements| J]. Acta Optica Sinica,2015,35
(4):32 —40. (in Chinese)

AHE R, B, B —, 5. JK T i 3 28 e 4 fY
AHHREREMTT ] 24417, 2015,35(4) :32 - 40.

[6] Zhu Yipu,Du Xiujuan. Review and prospect of underwater
environmental monitoring system[ J]. Computer Engineer-
ing and Applications,2023,59 (10) :65 — 74. (in Chi-
nese )

REREE AL FFIH. K TR I RS ih SBR[ ].
HEHL T RS N A ,2023,59(10) .65 —74.

[7] Hua Nali,Chen Xiaogang,Song Wenen et al. Stereoscopic
perception system for marine environment monitoring[ J].
China Offshore Platform,2021,36(1) :78 - 83. (in Chi-
nese )

PCIIRE , /N WIL AR , S5 9 A 858 M 00 7 A A R
Z[J]. PEEFEEY-6,2021,36(1) 78 - 83.
[8] Zhang Yunhai. Overview on development of marine envi-

ronment monitoring equipment and technologies|[ J ]. Dig-



1122

ok 5 e sk

054 %

(9]

[10]

[11]

ital Ocean & Underwater Warfare,2018,1(1):7 - 14.
(in Chinese)

oK it PRI MR A PR R SR LR ()] it
YK T I 2018, 1(1) .7 - 14,

Shi Shengwei, Wang Jiang’ an, Jiang Xingzhou, et al. A
new measurement study of attenuation coefficient using
multi-angle backscattering signals[ J |. Laser & Infrared,
2008 ,38(5) :417 —420. (in Chinese)

A1 R, AL H4 2% F, 2 MK I R B 2 B
e T B O R BIESE L) ] WO 5 2041, 2008, 38
(5) :417 - 420.

Wang Xiaofei,Mao Zhihua, Ding Youzhuan. Measurement
and data-processing of absorption and attenuation coeffi-
cients by Ac-S in east China sea| C]//Editorial Office of
Chinese Journal of Scientific Instrument, 200951 — 53.
(in Chinese)

F/NEK,BEE, T XL REFHIX AC-S P& 55 404
ARBE[C /786 6 Ji 4z A5 B AR S b Bl 2 R 23,
200951 -53.

Liu Wenjun, Tian Zhaoshuo, Pan Yuzhai. Marine optics

[ M]. Harbin ; Harbin Institute of Technology Press,2022.

[12]

[13]

[14]

[15]

(in Chinese)

XUSCZE, IR, 3 €. o [ M. I R« I /R
BTl R H i, 2022.

Morel A,Y Huot, B Gentili, et al. Franz 2007 ; examining
the consistency of products derived from various ocean
color sensors in open ocean ( Case 1) waters in the per-
spective of a multi-sensor approach [ J ]. Remote Sens.
Env. ,111(1) .69 -88.

Pope R. M, Fry E. S: Absorption spectrum (380 — 700
nm) of pure water. II. Integrating cavity measurements
[J]. Appl. Opt. ,1997,36(33) .8710 - 8723.

Morel A. Optical properties of pure water and pure sea
water[ M]. N. G. Jerlov, E. S. Nielsen, Optical Aspects of
Oceanography, New York: Elsevier,1974 .1 —23.

Zhang Xuan, Tao Bangyi, He Xiangiang. Data processing
technique for hyperspectral absorption and attenuation me-
ter[ J]. Acta Photonic Sinica,2010,39(S1) :59 —63. (in
Chinese)

SRR, B — AT B ik e DGR K R IR — R Y
(AC - S) BHlaab BEAR LT ]. St 75#:41 ,2010,39(S1)
59 -63.



