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Sensor technology for environmental monitoring of shrimp farming
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Abstract

In this study, the IoT sensor technology required for improving the survival rate and high-density productivity of individual shrimp
in smart shrimp farming (which involves the usage of recirculating aquaculture systems and biofloc technology) was analyzed. The prin-
ciples and performances of domestic and overseas water quality monitoring loT sensors were compared. Furthermore, the drawbacks

of existing aquaculture monitoring technologies and the countermeasures for future aquaculture monitoring technologies were examined.

In particular, for farming white-legged shrimp, an IoT sensor was employed to collect measurement indicators for managing the water

quality environment in real-time, and the IoT sensor-based real-time monitoring technology was then analyzed for implementing the

optimal farming environment. The results obtained from this study can potentially contribute to the realization of an autonomous farm-

ing platform that can improve the survival rate and productivity of shrimp, achieve feed reduction, improve the water quality envi-

ronment, and save energy.
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Fig. 1. Schematic diagram of shrimp farming using loT sensor net-
work system [4].
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Fig. 2. Example of a farming system combining IoT sensor and Al/
machine learning [4].
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Fig. 3. Flow chart of shrimp farming system using IoT sensor [4].
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Table 1. [oT water quality sensor's representative measurement index of
shrimp farming [4].

Sensor Measurement Measurement range
type index (Recommend value)
Temp. 0-100°C (27-29°C)
Non-ionic pH 0-14 (7.5-8.3)
DO 0-100% — mg/L
(above 5mg/L)
0-9000 mg/L
NH4 (under 0.1 mg/L)
Ionic 0-1000 mg/L
NO2 (under 0.5 mg/L)
Ref. Standard electrode
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Table 2. Comparison of wireless sensor network technologies that
can be used in smart farms [7].

SUN LoRa LTE-M
Standard  IEEE 802.15.4 g Proprietary 3GPP
900MHz 900MHz (Sub
frequency ¢ b Griz) GHz) 24GH, ~ -1F Band
Distance 300 m-2.5 km 3-15 km -15 km
Max. TX 174Bm 20dBm 20dBm
power
. 20MHz or
Bandwidth 200kHz-1.2MHz 7.8-500kHz | 4MHz
IMbps or -
Data Rate 50Kbps-800Kbps 300bps-100Kbps 200Kkbps
- Data reliability
- Sensitive to delay‘ Service with low is 1mpf)rtant. .
. . .. .. . data rate and trans- - Relatively high
Applicable - Service with high .. .
. mission frequency transmission rate.
service data transfer rate

(Smart Metering,
etc)

- Service requir-
ing easy deploy-
ment.

(Agriculture, etc)

- France Bouygues
Telecom, Nether-
lands KPN, Swiss
Swisscom To be
introduced.

‘SKT: Under trial
service in Goyang-
si

Introduction - BD Smart Farm
case and - KEPCO remote
partner meter reading, etc.

- Standardization
in progress

Terminal
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status

- No commercial
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- Semtech exclu-
sive supply
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Table 3. Specifications comparison of overseas pH sensor.

Table 5. Specifications comparison of overseas temperature sensor.

YSI Tnc.[14] HANNA [18] s:can HANNA[18] OxyGuard In-Situ Inc.
’ instruments GmbH [17] instruments [16] [15]
Model Ecosence pH10A HI991001 pH::lyser HI98501 OxyGuard Aqua TROLL
Model .
COU.IltI'y USA USA Austria Checktemp MaXITemp 2 100
Method Potential Potential Potential Country USA Denmark USA
Difference Difference Difference Method Thermistor Thermistor Thermistor
Type Portable Portable Portable Type Immersion Immersion Immersion
+ . + X . (+ i
Item pH(+Temp.) pH(+Temp.) pH Item Temp. Temp. Tempd( ]j]lc?ctrlc
Range 0.00-14.00 -2.0-16.0 0-14 conductivity)
Acolrac iOl(lOOC), £0.02: 201 0.1 Range -50—+150°C -5—+60°C -5-50°C
Y +0.2(20°C), R ’ -30-120°C:£0.2°C, o o
Accuracy 50—-30°C, 120 SASCROIG, +0.1°C
Resolution 0.01 0.01; 0.1 0.01 A > T _60°C+0.2° :
150°C:40.3°C 00°C02°C
Table 4. Specifications comparison of domestic pH sensor. Resolution 0.1°C 0.01°C Non-data
HM Digital ~ Lotus presuming  Daeyoon Co.
[21] management [7] [10] Table 6. Specifications comparison of domestic temperature sensor.
pH-200 DS485-PS- 7000A-pH, Summit Co. Daeyoon Co. Lotus presuming
Model 7000B-pH, [19] [10] management [7]
pH-60 FO05L4-34
200049 Model SDTSQL HDT-1 D5485-08-
Country Korea Korea Korea ode Q ) FO5L4-34
Method Electrochemical ~ Electrochemical —Electrochemical Country Korea Korea Korea
Type Immersion Immersion Immersion Method Thermistor Thermistor Thermistor
Item pH (+Temp.) pH (+Temp.) pH (+Temp.) Type Immersion Immersion Immersion
Range 0-14 0-14 0-14 Item Temp. Temp. Temp., ORP
Accuracy +2% +0.01 Range -20-200°C -50-300°C  10-130°C, £2000 mV
Resolution 0.01 0.01 o 50-150:£1°C,
Accuracy +0.5°C 150-300°C£2°C Non-data
Resolution 0.1°C 0.1°C Non-data
4.1.1 pH MM
4 A2"ol e A%H Bacide] FHTe] pH7E s UAMEARS Z2EY ANE ABs PG A2 e
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Table 7. Comparison of DO sensor measurement methods.

Table 10. Specifications comparison of overseas salinity sensor.

Electrochemical Electrochemical Optical HANNA [18] OxyGuard st:can[17]
(Galvanic) (Polarography) (Optic) Instruments [16] -
- Electrode type - Electrode type - Light emitting Marine Salinity Water-  OxyGuard
Model .. Condu::]
(+pole: lead, -pole: silver) (+pole: lead, -pole: silver) method 0% proof Tester, HI98319 Handy Salinity 0 2 >c
Config- - Electrolyte: KOH - Electrolyte: KCL - Electrolyte: Country USA Denmark Austria
uration solution solution None Acel de. di
- Membrane: Teflon - Membrane: Teflon Method Non-data Non-data  -Felectrode, direct
contract
Sl ] Type Immersion Immersion Immersion
- Slow reaction
. - <2% affected by - . .. .
- Short sensor life a ¢ - No effect on Salinity, Electric Salinity, Electric
- <2% flow effect c;wﬂrae £ DO flow rate Item Salinity, Temp. conductivity, conductivity,
- Influence of DO niuence o - Membrane Temp. Temp.
Charac- value upon membrane value upon mem- replacement
teristics p brane damage P Range 0-70ppt 0-50ppt  0-500,000 uS/cm
damage - Membrane main- cycle: lyear 0-40ppt:+1
- Membrane mainte- . - Low biofouling Accuracy PpLEIpPY, +1ppt +1%
. tenance required . 40-79ppt:£2ppt
nance required  Biofouling i t1mpact
- Biofouling impact 1ofouling Impac Resolution 0.1ppt 0.1ppt Non-data

Table 8. Specifications comparison of overseas DO sensor.

Table 11. Specifications comparison of domestic salinity sensor.

Oxyguard In-Situ Inc. s::can YSI Inc.
[16] [15] GmbH[17] [14]
Model Haagggjgris sggrgR,l%];E/ Oxiz:lyser  ProSolo
Country Denmark USA Austria USA
Method  Electrochemical ~ Optical Optical Optical
Type Immersion Immersion  Immersion Immersion
Item DO, Temp. DO, Temp. DO, Temp. DO, Temp.
Range 0-60 mg/L 0-60mg/LL  0-25mg/L  0-50 mg/L
Accuracy +0.1% +0.1% +1% 1%
Resolution ~ Non-data 0.0lmg/l. 0.0l mg/L  Non-data

Table 9. Specifications comparison of domestic DO sensor.

Lotus presuming  Daeyoon GOC HBTECH
management [7] Co. [10] Co.[8] Co. [9]
DS485-DS-  DWS-7000A-
Model FOSLA-34 DO DOMS-100 HB_ODO
Country Korea Korea Korea Korea
Polarography, Polarography, . .
Method Galvanic Galvanic, Optical Optical
Type Immersion Immersion  Immersion Immersion
Item DO, Temp. DO DO, Temp. DO
-10-130°C
’ 0-20 20 mg/L
Range 0-20 mg/L, g ’ 0-25 mg/L oo
0-200% 0-60 mg/L (0-200%)
Accuracy Non-data +1% +0.1 mg/LL  £0.1 mg/L
Resolution ~ Non-data 0.01 mg/LL  0.01/0.1 mg/L 0.01 mg/LL

5 A2eo] 48 7Fse 44
o AEANE B3P ow A@%ao
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HM Digital Korea Digital Daeyoon Co.
[21] [20] [10]
.. DYS-2501H
Model RSM-1000BT  Salinity sensor 7000A/B-Cl,
Country Korea Korea Korea
Method Electrllc. Non-data Ion selection (ISEs)
conductivity
Type Titration Immersion Sampling
Item Salinity Non-data Cr
CI: 0-7%
(70000 mg/L),
—28.0° _
Range 0.0-28.0% 0.0-70.0ppt NaCl: 0-10%
(100000 mg/L)
Accuracy +0.2% Non-data +5%
Resolution 0.1% 0.02 ppt 0.0001% (1ppm)
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Table 12. Specifications comparison of domestic and overseas tur-
bidity sensor.

Xylem Inc In-Situ HANNA[18] HBTECH Co.
[19] [15] instruments [9]
Aqua  Turbidity Porta-
Model w;%g“;? TROLL Tur- ble Meter -  HB_TUR
bidity Sensor  HI98713
Country Germany USA Italy Korea
Method Optical Optical Optical Optical
Type Immersion ~ Non-data Titration Immersion
Item Turbidity =~ Non-data Turbidity Turbidity
0.05-4000 0.00-9.99; 0-10NTU/
Range FNU Non-data 10.0-99.9; 0-1000NTU
100~1000 NTU
1 % +1%. £3%
- 429
Accuracy (= 2000 FNU) Non-data 2% (>1000NTU)
. 0.01; 0.1; T 0.05NTU/
Resolution 0.001-FNU  Non-data FNU 0.5NTU
4.2 0|2H +& HAM
Arie] A1S B A% PAF B Az o)A A

HOL lo] 01-1:140]./\4;0 (NH;-

_«7g ] ;Gslfsl
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AR AA7) 9 wiA B 93 QR UoKNH,)e E7H
QB B i, B3 Fdo] HAPOR o} 5
AL Lash ek pH S71) gL} A& S7hat
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Table 13. Water quality management parameters required by farms.

Parameter Formula Unit Normal Unfavourable
level

Temperature °C Dep:;zgz% on

Oxygen 0O, % 70-100 <40, >250

Nitrogen N, % saturation 80-100 >101

Carbon dioxide  CO, mg/L 10-15 >15

Ammonium NH," mg/L 9_2'5 >2.5

(pH influence)

Ammonia NH; mg/L (oH Tr?ﬁ?llence) >0.025

Nitrite NO,- mg/L 0-0.5 >0.5

Nitrate NO;- mg/L 100-200 >300

pH mmol/L 6.5-7.5 <6.2, >8.0

Alkalinity mg/L 1-5 <1

Phosphorus PO* mg/L 1-20

Suspended solids ~ SS mg/L 25 >100

COD COD mg/L 25-100

BOD BOD mg/L 5-20 >20

Humus mg/L 98-100

Calcium Ca™ mg/L 5-50
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Sensor technology for environmental monitoring of shrimp farming

Table 14. Specifications comparison of domestic composite sensor.

Lotus presuming

Management [7] HBTECH Co. [9]

Model DS485-MS-F05L.4-34 ~ Multi-water quality sensor
Country Korea Korea
Optical Optical
Type Non-data Immersion
Item Temp., pH, Electric Temp., DO(Optical),
conductivity, ORP pH, Salinity

Table 15. Specifications comparison of overseas complex sensor.

YSI Inc. In-Situ Inc. s::can Horiba
[14] [15] GmbH[17] [22]
Aqua TROLL spectro::lyser .
Model 5200A 400 fitanium pro U-50 series
Country USA USA Austria Japan
Type Immersion  Immersion Immersion  Immersion
Electric conduc-
.. .. Temp., DO,
OD Otmg/  tivity, Sah_mFy, Temp., TSS, Electric con-
L,7%), Temp,, TDS, Resistiv-r, 4 tiis NOs- ductivity,
lem ~ Dlectric con- ity Density, -\ T\o (T Galinity, TDS,
ductivity, Dissolved oxy- COD, UV254,  Turbidity.
Salinity, pH, gen, ORP, pH, ’etc ’ Water dept’h
ORP Temp., Water ’ ORP ’
depth/ pressure
o] Z70] 7Essle] ApEAo] glek. Al Horiba A1%S] 7
S Qut FAZP GO Yol AHL ck,

5. A B HMTIEel MY

—-—o

51 MM 7|=2 EMA

AN 2PEE GRS ALkl G B T4 R TS
AFEL 7€ 58 Ao RE et A7t FolY
TRASE BAE o187 V1€ SHBLE A om A A
&5 9lom, F2 £, pH, DO, 9% T Uk 5o 574
of S8Hth Uk F oRIEL FE 4 PN BUE
Zasgel thsl 14 7iade] st 574 Al kAol Rkl
o] A7kellM aiRkele] 27t o] 27174x] veFete, dnk 4
AYE S4E AT AFS0l R VEE, dE 5 It
FAEE vE FAEE FEEA N S5k AFL F9] Al
Frolnt. FAF el AT AF ARl ofz o] 9, A
7kl A5, Wl B 5 A EE BAo] ofeer, vt A%
o] A, 271 ThvIE-o] BAA Feo] " E7k, =fellA
M FHBAA 22 25, pH, DO AN E o83 Fd#
2 % AR SFA = AolH, A 2 HolEe 723
=74 B ol B AR Ao, ol #e], Ak v=we] 7t

161

Fig. 6. Sensor breakage due to bubbles and splashes; (a) sensor probe
protection and water level schedule measurement, (b) foam-
ing and splashing of water splashes, (c) corrosion by salt [4].

Calibration in order below
1. pH7
2. pH4
3. pHI0
4. pH7

pH

DO-only solution,
Calibration

DO

Calibration in order below
1. 4mg/L

2. 20 mg/L

3. 40 mg/L

4. 4mg/L

Calibration in order below
1. 10 mg/L

2. 100 mg/L

3. 1000 mg/L

4. 10 mg/L

NO,

Fig. 7. Sensor calibration and process [4].
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The hassle of repeated measurements and records
(mmumun of 5-6 tnnes/day)

Lack of stablllty and accuracy of'ionic sensors
mm) complex calibration, frequent replacement

Limitations of productivity due to small scale;
water quality management and growth monitoring

Composite [0T sensing for smart measurements

I R -\

High-reliability ionic sensors that do notrequire calibration

NHq* - Ny

v\ ——
i N:O -
\ \
Membrane ton Head
\’

Autotrophic DRNA
WS 4NOy b

Fig. 8. Improvement direction of current technology for water qual-
ity measurement.
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