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Toéom tat Bai bdo nay trinh bay qua trinh thiét ké va thi cong mot hé thong tu dong do va gidm sat cac
thong sb chat lugng nude nudi ca 1ong be thoi gian thyc trén séng Cha Va. Hé thong giip cac hd nuoi ca
bé phat hién nhitng thay d6i bat thuong cua thong sd nude thong qua tin nhin SMS, dé co giai phap kip
thoi tranh tinh trang cé chét. He théng ¢6 chuc nang luu trir dit liéu do qua webserver, giup Chi cuc Thuy
san tinh Ba Ria- Viing Tau gidm sat va quan ly nudi ca 1dng trén séong Cha Va t6t hon. Hé thong gdm 03
phan: cam bién, vi diéu khién va Raspberry Pi (web-server). Cac cam bién khong dit truc tiép trong moi
truong nudc man can do ma dwge ngam trong két nude sach, khi dén chu ky do hé thong s€ tw dong xa
nuée sach va bom nude min vao két do, sau khi két thuc qua tr1nh do hé thong s€ truyen di liéu 1én
Webserver théng qua GSM/GPRS va giii tin nhan SMS neu c6 thong s6 vugt ngudng, cac cam bién sau d6
duoc tu dong rira va ngdm trong nudc ngot dam bao tudi tho va do chinh xac cho cam bién, thoi gian chu
ky hiéu chuan kéo dai. Bén canh d6, Chi cuc thily san c6 thé truy cap vao co so dir lidu dé dénh giad moi
truong nudi mot cach thuan loi. Pay 1a bude khoi ddu dé 1am nén tang cho viée Gmg dung cong nghé cao
trong nudi thiy san 16ng bé trén séng Cha Va tinh Ba Ria — Viing Tau.

DESIGN AND IMPLEMENTATION OF A REAL-TIME WATER QUALITY
MONITORING SYSTEM FOR BRACKISH WATER CAGE CULTURE

Abstract. This paper presents the designing and implementation for an automatic real time measurement
and monitoring system of water quality parameters in brackish cage culture on Cha Va river. This system
helps fish farmers to detect abnormal changes in water parameters via SMS messages, to have timely
solutions to avoid dead fish. The system has a function for storing measurement data via webserver, helping
the Fisheries Sub-Department of Ba Ria-Vung Tau province improves the monitoring and managerment
cage culture on Cha Va river. The system including of sensors, microprocessor and webserver (Raspberry
pi). The sensors are not placed directly in the sea water to be measured but immersed in a fresh water tank.
Beginning of a measurement cycle, the tank automatically discharge fresh water and pump salt water in to
the sensor tank for measurement. After measurement process is finished, the system will transmit data to
webserver via GSM/GPRS or send SMS to owner if any water parameter exceed the thresholds. The sensors
are then automatically washed and soaked in fresh water to ensure sensor life and accuracy and sensor
calibration cycle time is extended. In addition, the Sub-Department of Fisheries can access the database to
assess the aquaculture environment reality. This is the first step to lay the foundation for high-tech
application in cages and aquaculture in Cha Va River, Ba Ria - Vung Tau Province.

Keywords. brackish cage culture, brackish water quality parameters, water quality sensors,
microprocessor, water quality measurement and monitoring, GSM/GPRS

1 DPATVANDE

Nubi trf)ng thay san 1a mdt nganh phat trién nhanh vi nhu ciu thuc phém cava hai san tang manh trén toan
thé gidi [1]. Theo thong ké [2] ngu6n thuc phdm hai san chiém 46% tong ngudn cung cép thuce pham trén
toan thé gidi, do d6 nudi ca long ngay cang tré nén quan trong trén toan thé gidi do nhu ciu protein ca ngay
cang tang ciing nhu do ngudn cung cdp ngiy cang can kiét do bi dinh tré tir danh bt ty nhién [3]. Mot khi
danh bt thuy san trong tu nhién da can kiét thi nganh chén nu6i nhiing loai nay dang ngay cang phat trlen
va no r6 hon bao gio hét. Cu thé, theo thdng ké cua Bo ndng nghiép va phat trién nong, nganh nuoi trong
thity san ¢ khu vuc Pong bang song Ciru Long thoi gian qua dd cé nhitng budc phat trién vuot bac vé dién
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tich va san lugng nudi trong véi quy mo 16n [4]. Cu thé, nam 2012, san lugng thiy san clia ca ving uéc dat
hon 2,2 triéu tin, trong d6 ca nuéi 1a 1,7 triéu tAn va tom 13 gan 400 nghin tin... Ngoai ra, ciing cin c6 mot
so sanh khac 1a tong sén lwong thiy san nudi trong ciia Dong bang séng Ciru Long chiém khoang 70, 94%
téng san lu'orng nudi trong thity san trong ca nuoc v6i muc tang trlrong hang nam 1a 17,8%. Trong s6 do,
dii chua c6 thdng ké chinh xéc vé viéc nudi trong thity san trong ao hd va ngoai 1ong bé 14 bao nhiéu nhung
6 thé dé dang nhén thay, ty 1€ chan nuéi & long bé 14 rat 16n, do dién tich mat nude ty nhién & khu vuce nay
vo cung rong 16n. Miéc du nudi ca 16ng dugc xem la con duong dé tang san luong ca va tao co hoi viée lam
cho nhiéu ngudi tuy nhién viéc md rong nudi 1ong khong cé ké hoach s& gay ra nhimg hau qua tac dong
x4u dén moi truong 1am mat can bang sinh thai, do tac dong qua 16n ciia con ngudi vao dong chay tu nhién
ciing nhu lugng héa chat, thude chita bénh, thirc an chin nuéi khdng 16 thai ra di c6 nhimg tac dong tidu
cuc t6i hé sinh thai, téi nhiing loai dong thuc vat khac sinh séng & trén song.

Hinh 1: Nudi c4 16ng beé trén song Cha Va tinh Ba Ria- Viing Tau

Tai tinh Ba Ria — Viing tau trong nam trd lai ddy, viéc nudi thuy san 1dng bé (NTSLB) trén séng Cha Va
(xd Long Son, TP Viing Tau) ting 1én nhanh chong vé s6 lugng cling nhu ching loai gitip ba con phit trién
kinh té, tuy nhién viéc phat trién khong c6 quy hoach ciing nhu chét luong nude khong dam bao da gay
thiét hai rt 1én cho ba con nhu nam 2015, tai day, hang tram tan ca ctia ba con ngu dan chét hang loat, thiét
hai hon 18 ty df)ng. Co quan chuc nang két luan nguyén nhan chu yéu do xa thai ciia cac doanh nghiép doc
song Thi Vai. Tuy nhién, dén nam 2016, c4 1dng bé trén song Cha Va lai tiép tuc chét véi thiét hai khoang
37 ty ddng. Ngoai yéu t§ 6 nhidm méi trudng tich tu, co quan chirc nang da chi ra nguyén nhén ca chét
hang loat 1a thoi tiét thay doi dot ngot dan dén d6 man giam va nhét 1a viéc NTSLB véi mat do day dac da
giy nén tinh trang thiéu 6xy trong nudc. Hién tai cong viéc danh gia chét luong nude nudi thuy san 16ng
be do Chi cuc Thuy san tinh Ba Ria- Viing Tau phu trach, quy trinh 1dy mau va kiém dmh danh gia chét
luong nudc dugce trinh bay trong hinh 2. Viéc 1ay mau nudc duge thuc hién thu cong vé6i tan suat 02 1an/
thang, cac diém iy mau ¢ giita song thoi gian 1ay mau tir 11-12 gid trwa, di chuyén bang ghe, rat vét va
cho nguoi 1dy mau, sau d6 giri mau di phan tich dé dénh gid chat lugng nudc mat nhidu thoi gian va cho
két qua khong chinh xéc tai thoi diém 1dy mau. Phuong phap nay khéng hiéu qua do mat nhiéu thoi gian,
tén nhan cong lao dong, t6n chi phi 14y mau, chi phi phan tich mau nhung két qua khong thé hién chinh xac
thong s tai thoi diém do. Do d6 khi két qua chuyén dén ba con nuéi thily san 16ng bé bi cham nén khi co
su ¢d vé chét lugng nudc, cac chii bé khong c6 giai phap kip thoi hau qua 1a ca nudi chét hang loat nhu
trong thoi gian qua.
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PHUONG PHAP DANH GIA CHAT LUQNG NUGC NUOI THUY SAN HIEN TAI

Chuyén vién Chi cyc thity Phan tich m3u nuée
sén ldy mAu nuéc trén Théng l3ao (:I'én chii
song (2 lan/ 1 thang) Gtri t6i phong — Két qua bé nuoi
Thi nghiém phan tich

—> —>

Thoi gian cho két qua tir 7-10 ngay

Hinh 2: Phuong phap dénh gia chét lwong nuée NTTS trén séng Cha Va tinh BRVT

Qua phan tich, ¢anh gi tinh hinh thyc té nudi thuy san 1ong be trén séng Cha Va cho thiy viéc nghién ctu,
thiét ké, ché tao va dwa vao ung dung hé thong tyr dong do, phén tich, giam sat va canh bao sém chét lwong
nudc thir nghiém tai cac ho dan nuoi trong thiy san trén séng Cha Va, tinh Ba Ria — Viing Tau rat cap thiét
can phai thyc hién. Giai phap tuy 1a khong sém so véi thé gidi nhung & thoi diém nay 1a rt phu hop véi
tinh hinh nuéi trong thily san trén cac bé nudi sau hang loat su ¢d ca chét tai song Cha Va tinh BRVT.

Hién nay cac hé théng quan tric chat luong nudce nudi thily san 16ng bé da phét trién manh mé va phd bién
trén thé giGi, dac biét 1a cdc nudc phat trién nhu My, Canada, Nhat, Anh, Trung Qudc,...0 Viét Nam, hién
nay c6 mot s6 cong ty da cho ra doi mot s6 san pham “Hé théng giam sat moi truong nudce thuy san phuc
vu nudi tom, ci giong tai cic ao nudi, mot sd san pham cu thé nhu: Hé thong quan tric méi trieong nwdc
thity san qua Internet E-SENSOR AQUA, xudt sir Viét Nam cam bién nhdp tie My; Hé thong gidam do va
gidm sdt chdt lwong nuwrée nuéi trong thity san Libelium U\fhdp tir Tay Ban Nha); Hé thong do hrong va
gidm sdt chat lrong nudi trong thuy san ciia Céng ty Cé phan Ky Thudt Méi trieong Viét An,... Nhin chung
cac san pham nay g1a1 quyét dugc cac van d& tu dong do, giam sat va canh bao cac chi tiéu chat lugng nudc
vuot ngudng qua thiét bi dién thoai thong minh phuc vu NTTS tai cac ao nudi lién quan dén nuoi tom va
ca giéng Mot s6 duy an chi ‘mang tinh ing dyng cu thé qua cac hop ddng mua ban, lép dat thiét bi tir cac co
s& thiét ké san xuét san pham nude ngoai qua cac cong ty phan phdi véi gia thanh rat cao. Do véy véi diéu
kién tai chmh con han hep nhu hién nay, néu cir t1ep tuc nhap cong nghé tlr nudc ngoai s& dan tdi viée cac
co s san xudt, nhét 1a cic ho gia dinh s& khong ¢ du kinh phi dé c6 thé mua dii cac hé théng giam sat,
didu khién tit ca cac thong sb can thiét. Ngoai ra, trong cac hé thong trén cac cam bién dugc nhing thing
tryc tiép vao moi trudng nuwde min nén tudi tho giam, do chinh xac khong cao va phai hiéu chuan thuong
xuyén. Khic phuc nhitng nhugc diém cua cac hé thdng quan tric chit lugng nudc cé trén thi truong Viét
Nam, trong du 4n nay chiing toi str dung cac cam bién cong nghiép c6 do chinh xac cao, cac cam bién khong
dat truc tiép trong moéi truong nudc man can do ma duoc ngdm trong két nude sach, khi d¢én chu ky do hé
théng s& tu dong xa nudc sach va bom nudc man vao két do, sau khi két thuc qua trinh do va truyén dir liéu
hé théng s& rira cam bién va bom nude sach vao két dé ngdm cam bién, dam bao tudi tho va do chinh xac
cho cam bién, thoi gian chu ky hiéu chuén kéo dai. Viéc trién khai du an “Thiét ké, ché tao va ldp dit hé
thong tw dong do, phan tich, gidm sdt va canh bdo som chat lwong nwoc nuoi trong thity sin trén song
Cha Va, tinh Ba Ria — Viing Tau” 1a v cung quan trong dugc lanh dao tinh Ba Ria — Viing Tau quan tdm
va hét stre can thiét gitp ngudi nudi ca trén song Cha Va theo ddi chat lu(mg ngudn nude beé nudi 24/24 gid
thong qua dlen thoai thong minh, thiét bi s& giri tin nhin canh bao dén sb dién thoai cua cha be khl cac
thong so6 nguon nudc ao nudi ngoai ngudng cho phep, bao dong hoac khoi dong cac thiét bi cung cp oxy
kip thoi dé gitp ngudi nudi c6 giai phap kip thoi khic phyc tinh trang ca chét, gitip cac nha quan Iy NTTS
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nim bét tinh trang kip thoi dé quan 1y va c6 giai phap kip thol thong bdo dén ba con nudi ca gop phan khic
phuc tinh trang ca chét nhu nhimg ndm vira qua, gép phan 6n dinh tinh hinh kinh té va x4 hoi tai dia phuong.

2 PHANTICH VA THIET KE HE THONG PO CHAT LUQNG NUGC NUOI CA
LONG BE TREN SONG CHA VA

2.1. Phan tich théng s6 nwéc nudi ca 16ng va thiét ké hé thong giam sat chit lwgng nwéc

Lang bé Cha Va xa Long Son dugc chia lam 8 phan khu va c¢6 khoang 195 h6 nudi trong trén dién tich gan
200 mit nude vai tong s6 gan 5.600 16ng, chii yéu la cac loai ca bop, chim trang vay vang, chém, mu lai va
tom hum. Vai ba nam tr¢ vé trudc, cii tén lang be Cha Va xa Long Son xuét hién kha nhiéu trén céc trang
mang cling nhu cic mit bao, su ndi tleng d6 dén tir nhiing vu x4 thai, t nhiing dgt thién tai mua bao khién
thity san nuéi 16ng chét hang loat, diy ngu dan vao tinh canh ng nan diéu ding.

Theo danh gia cia S6 NN-PTNT, ngoai nguyén nhan xa thai tir cac nha may ché bién hai san, mat d6 nudi
day dic thi réc thai sinh hoat hang ngay phat sinh trén cic 1dng bé ciing chinh 1a nguyén nhan khién cho
moi truong nude ngdy cang 6 nhidm. Vi vay, nhitng nam gan day ty 16 NTTS trén song Cha Va thanh cong
giam 60% so voi 3-4 ndm trude.

Theo két qua quan tric va phéan tich méi trudng nude mdi nhét tai khu vuc nudi ca bién bang 1ong be tai
ctra song Cha Va (cua Trung tAm Quan tric Moi truong bién - Vién nghién ctru hai san Viét Nam hoi thang
8-2017) cho thiy, ngudn nudc & khu vuc nay da bi suy giam va 6 nhiém thé hién qua ndng d6 oxy hoa tan
trong nudgc thép hon giéi han cho phép (>5mg/l); nong dd cac thong s6 N-NO-2, N-NO-3, P-PO43- trong
nude cao vuot gidi han cho phép 4p dung cho nude phuc vu cho muc dich bao ton thity sinh va NTTS.
Thém mét nguyén nhan nita gy ca chét hang loat 1a thoi tiét thay doi dot ngot dan dén do man giam va
nhit 12 vic NTTS v6i mat do ddy ddc da gay nén tinh trang thiéu oxy trong nude. DE nghién clru thiét ké
hé thong va tim hleu nhitng chi tiéu ndo quan trong anh huong dén sy sdng cua thity san 16ng bé chung toi
d3 trao d6i truc tiép v6i chu beé 16n nhat tai xa Long Son ¢6 klnh nghiém hon 10 ndm nudi ca 16ng tai séng
Cha Va d6 1a anh Nguyén Cong. Bién, anh cho biét 5 thong sé quan trong can duoc giam sat la: nhiét dg,

do pH, d6 man, oxy hoa tan va ndng do Clo trong nudc. Khi mot trong nam thong s6 trén vuot ngudng yéu
céu hé théng thong béo véi chu bé ddng thcn chay mdy sut khi khén cép thi c6 thé tranh tinh trang c4 chét,

do d6 chiing t6i xdy dung hé théng quan tric chat lugng nudc nudi ca beé 6 nhu‘ng chuc nang sau:

e Do va giam sat 05 chi tiéu chat luong nudc ao nudi nhu: nhiét d6, d6 pH, ndng d6 mudi, oxy hoa tan,
ndng d6 Chlorine trong nudc online 24/24 qua Web-server vi GSM/GPRS - Ung dung trén dién
thoai

e Canh béo thong sb méi truong nude ao nudi vuot ngudng qua tin nhin SMS dén chu ao, dén web-

server

Diéu khién thiét bi suc khi Oxy, mdy bom tyr dong néu céan thiét

Luu trit théng sé méi trudng nudc, ¢b thé xem lai trong thoi gian 06 thang dén 01 nam

Str dung cam bién cong nghiép c6 do bén cao

Hé thong c6 thé tyr dong rira va bao quan cam bién dé tang cudng tudi tho va kéo dai thoi gian hiéu
chuan.

So db thiét ké hé thong quan tric chat luong nudc nudi ca long bé dugc gidi thi¢u trong hinh 3. Trong hé
thong, b6 diéu khién trung tam déng vai tro quan trong, la thiét bi dau vao nhan dir liéu tir cac cam bién va
xudt dit liéu diéu khién, ngoai ra con 1a cau ndi hen lac gitra cac thiét bi véi nhau, tao nén mot méi lién két
trong hé théng. Hé thong do va giam sat cac thong s6 moi truong dugc trang bi cac by cam blen cong nghiép
v6i d9 chinh xdc cao de thu thép cac thong s chi tidu nudc can theo doi nhur nhiét do, ndng d6 pH, Oxy
hoa tan, ndng d6 mudi, ndong do clorine. Cac thong s6 moi tmong nude s& duge cap nhit lién tuc va hién
thi trén man hinh giao di¢n cua hé thong. Hé¢ thong hoat dong on dinh 24/24 giam sat lién tuc cac chi ti€u
mbi truong nude, dam bao cac chi tiéu ndm trong gidi han tt nhit cho tém cé phat trién (5/8 chi tiéu moi
truong dugc thiét lap theo bang chi tiéu QCVN 02-19:2014 BNNPTNT do B¢ Nong nghiép va Phét trién
N6ng thén ban hanh). Giam thiéu t6i da cing nhu han ché téi mirc thdp nhat cac nguy co cdc thong sé moi
truong thay doi dot ngot gay anh hudng xau dén vét nudi. Trong trudng hop cac thong sé méi trudng vuot
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ngudng cho phép, hé thdng ty dong gui tin nhan dén chi bé nudi dé c6 nhimg bién phap tmg pho xir ly kip
thoi hodc tu dong khéi dong may suc khi oxy va cac thiét bj khac nhim tranh tinh trang ca chet Ngoai ra
hé thdng co thé ty dong rira cam bién, ngdm cam bién trong nudc ngot gitip bao vé va tang tudi tho cam
bién va giam thoi gian hiéu chuén. Toan bo hé théng st dung nguén nang lugng mit troi nén tiét kiém dién
va c6 thé lap dit ¢ giita song noi khong cé ngudn dién ludi.
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Nguon nang lwong mét trov

Hinh 3: So d6 tng thé hé théng quan tric chét lwong nudce tw dong nudi cé 1dng be
2.2. Phin tich va thiét ké h¢ thong cam bién do chit lwong nudc
a. Thiét ké mach cam bién do nhiét do

Nhiét d6 anh huong dén tbc do tang trudng va ti 16 séng cua ca, nhiét do t6t nhat cho nudi tom cé 1a 26-
32°C, can canh bao khi nhiét do tang trén 32°C. O nhiét dd 35°C 100% tom ca dudi mot thang tudi s& chét.
Trén 40°C thi toan bd tom cé s& chét. Nhiét do thép thi tom ca s& cham 16n. Nhiét d§ cang cao thi nudc
cang it oxy, trong khi chuyén héa chat trong co thé tom c4 va sy phan huy cac chét ban trong nudc xay ra
cang nhanh, nghia 13 can nhiéu oxy hon. Do vy nhiét d6 cao rit nguy hiém va c6 thé din dén thiéu hut
oxy. Hién tuong thiéu oxy do néng duoc goi 1a 6 nhidm nhiét.

Do d6, can phai gidm sat nhiét do thudong xuyén va khi nhiét d6 vuot 35°C can khoi dong hé théng quat
khoay dao nudc.

Cam bién nhiét d6 sir dung 1a cam bién s6 DS18B20, truyén thong vdi vi diéu khién qua mot day tin hiéu.
So d6 day két ndi véi mach cam bién nhiét d6 dugc gidi thiéu trong hinh 4.

Ground i

Ds18820
Digital

’ 2
4k7

3-55v
3

Hinh 4: Mach két ndi v6i cam bién nhiét d6

b. Thiét ké mach cam bién do ndng d6 PH trong nudc
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Do pH thich hgp cho da s6 dong vat thily sinh 13 6.5-9.0. pH téi da cho tom cé 1a 7.5-8.5. Ngoai ra pH
khong dugc dao dong qua 0.5 don vi trong ngay dé tranh sdc cho ca. Thong sb pH dao dong do nhiéu yéu
té thoi tiét, thd nhudng, tao va sinh vat la. Ban nga‘ly tao hap thu CO, dé quang hop nén pH tang, nguoc lai
vé dém qua trinh quang hop ngung, qua trinh ho hap thai ra CO, nén pH glam pH thép nhat vao luc himng
ddng, cao nhit vao lic mat trdi lan. DE gii han anh huong nay thi do kiém phai dam bao khong dudi
100mg/1.

Cam bién pH 1a cam bién thu dong, c6 nghia 1a khong can dién 4p hoac nguon dong dién. Cam bién
dugc phén loai la cam bién ludng cuc bdi vi déu ra cua dién cuc c6 thé xoay trén va dudi diém tham chiéu

[5].

N 100 °C {74 mV/pH Unit)
500 — \
N 50 °C (64 mV/pH Unit)

m 0 °C (54 mV/pH Unit)

A . Isopatential Point

Electrode Potential (mV)

-500 =

PR S —

=
=

Hinh 5: Dac tinh do ctia cam bién do pH

Cam bién tao ra mot dau ra dién ap phu thude tuyén tinh vao d6 pH cua dung dich ma né duoc dit vao.
Thiét ké mot mach dién dé dam bao diéu kién tin hiéu cam bién c6 thé doc vao vi diéu khién la rit kho
khan. Cé mét vai budc can thuc hién trude khi gui tin hi€u vao bd chuyén ddi A/D dé cung cé'p cho bo vi
diéu khién. Dau tién, tin hiéu phai dugc dich chuyén boi vi cam bién pH tao ra tin hiéu ludng cuec. Hau hét
céc Gmg dung nhu PIC hoat dong trén mdt ngudn cung cip duy nhit. Budc thir hai 1a do tré khang cao ctia
dién cuc do. Do d6 tin hiéu tir cam bién s& duge khuéch dai tré khang dau vao cao str dung IC MCP6N11
(hinh 6). B chuyén d6i ADC (Analog Digital Converter) bén trong vi didu khién duoc sir dung. Dién 4p
tham chiéu trong giao thirc truyén theo chudn CAN (Controller Area Network) 1a +3.3V (AVDD) va 0V
(AVSS). Do sy chénh dién thé giira 2 cuc cam bién pH nén lan dau tién sir dung phai thém vao mét dién 4p
bu chénh ap gilta cyc am va cuc duong, sau do khuéch dai va cubi cung duoc chuyén d6i thanh sb 10bit.
Dién ap bu thém vao 1a AVDD/2 1a 1.65V.

PH SENSCR =i ™

R

Hinh 6: So d6 mach do d6 pH trong nudc
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c. Thiét ké mach cam bién do d6 min trong nudc

D06 man thich hop cho ca tdm tir 20 — 40 (%o), @ mudi thich hop cho toém st va tom thé chén tring 14 5-35
(%o phan ngan). Nudc ngot c6 d6 man rat thap, tiy theo ving ma d6 man c6 thé dao dong trong khoang 20-
350 mg/1 (0,02-0,25 %o). Ta cam thdy vi man khi d6 mudi khoang 1 %o. Phan 16n cac loai tom c4 nude ngot
chiu duoc d6 min 1én dén 2 %o. Theo tiéu chuin nudi tdm ca nude lo 1ng bé d6 man phai dat > 20 %o.

Su thay ddi d6 man dot ngdt s& lam cho tdm cd mét moi va c6 thé chét do do can c6 bién phap xur ly khi
nudc mua tran vao bé lam giam d¢ man ddt ngot, cling nhu bd sung nudc ngot néu nudc bay hoi lam do
mubi ting qué cao.

Cam bién mudi xac dinh dd man trong dung dich dua trén do dan dién. Pau do do min do cudong do dong
dién chay qua nude 1a bao nhiéu. Nudc c6 mudi hoa tan trong né s& dan dién t6t hon so véi nude khong cd
mudi hoa tan. Cang nhiéu mudi hoa tan trong nude thi nude s& dan dién tot hon. D6 mén sau d6 duoc tinh
toan tur gia tri do dan dién do dugc. Cam bién nay duoc tich hgp bu cho sy thay ddi d6 dan dién do nhiét
d6. Cam bién do do min trong du an st dung dién cuc Platinum (Hinh 7). Dé tranh hién tuong dién phan
gilta nudc bién va day dan can thiét ké bu nhiéu sir dung mach cau WIEN.

+3V3

+3V3

R19
3.3K

VDD

AN3 21 vm

CDoAR—— EveAL >
c15 T MCPeNT1
IUF

GND GND GND

150K

Rs
51K

10K

GND GND
Hinh 7: Mach cam bién do d¢ man

d. Thiét ké mach cam bién do oxy hoa tan (DO) trong nudc

Oxy la chat khi can thiét dé sinh vat duy tri sw song. Thanh phan ctia khong khi bao gom 78% 4 nito, 21%
0xy va 1% cac chat khi khéc, nghia 1a trong 5 lit khong khi ¢ khoang 1,5 gam 6xy. Khong khi dap tng
day du nhu cau 6xy cho cic loai sdng trén can va c6 thé dé dang xao tron, luan chuyén. Tuy nhién, trong
moi trudng thuy sinh, chi ¢6 khoang 1 gam 6xy trong 100 lit nude lanh, tham chi ndng dd 6xy bio hoa con
thip hon khi nudc néng 1én.

Oxy hoan tan (DO: Dessolved Oxygen) la lugng oxy hoa tan trong nudc can thiét cho sy hé hdp cua
céc sinh vat thuy sinh. Nudc nudi tdm c dam bao cho oxy hoa tan (DO)=3,5mg/l, nhung t5i wu nhat 13 >
5mg/l. Oxy hoa tan vira 1a dudng khi cho tom c4, vira 1a chit tham gia vao qua trinh huy thirc an thira va
chat thai. Néu thiéu oxy tom c4 s& bi ngat va trong nudc sinh ra cac chat doc nhu amoniac, suynphua hydro
va nitric rat hai cho con nuéi.

Mic du oxy hoa tan (DO) thuong dugc hién thi dudi dang mg/L hodc ppm, cac cam bién DO khong do
luong oxy thuc té trong nudc, thay vao dé né do ap sudt riéng cua oxy trong nude. Ap sudt khi oxy phu
thudc vao do man va nhiét do.

Céc cam bién Galvanic DO bao gém hai dién cyc: mét cuc duong va cuc am, déu dugc nhing trong chét
dién phan (bén trong 16i cam bién). Mot mang tham thau oxy tich anode va cathode ra khoi nude dang
dugc do. Oxy khuéch tan qua mang. Ap suét cao hon cho phép nhiéu oxy khuéch tan qua mang va dong
dién s& dugce tao ra nhiéu hon. Pién ap thuc té tir cam bién 1a milivolts. Diéu nay dat dugc bﬁng cach truyén
dong dién qua mdt thermistor (dién trd thay d6i nhiét do dau ra). Han ché ciia cam bién do oXy bﬁng dién
cuc cac mang mau hong do cin bam vao, dd chinh xac khong cao va thoi thoi gian dap ing cham. Dé khic
phuc nhugc diém trén trong nghién ciru nay chung téi sir dung cam bién do oxy hoa tan quang dién.
Nguyén ly phuong phap do oxy hoa tan bang nguyén ly quang LDO (Luminescent Dissolved Oxygen)
nham d& x4c dinh oxy hoa tan trong nude. Cong nghé LDO dua trén anh sang mau xanh duong, mang lai
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lgi ich nhu do chinh xac cao, tudi tho 1au dai va giam chi phi bao tri, wu diém cta phuong phép nay thich
hop dé thay thé cic phuong phap dién héa thong thuong.

Nguyén tdc LDO la dua trén hién tugng vat ly cua su phat quang. Mot s6 vat liéu phat ra anh sang khi bi
kich thich boi mot ngudn kich thich khac khong phai do nhiét. Trong truong hgp ciia nguyén ly LDO, ngudn
kich thich 1a anh sang. Néu két hop giita anh sang kich thich va chiéu dai séng ctia anh sang kich thich phu
hop, cuong d6 phéat quang va thoi gian can dé anh sang tan bién 1a phu thudc vao ndng do oxy xung quanh
vat liéu.

Nguyén ly do oxy hoa tan bing quang dugc mé ta trén hinh 8. Khi dén LED xanh phat ra anh sang né gay
cho phan tir phat ‘quang nhung trong 14 cam bién khi phat ra cac photon do, cam bién RDO s& do “phase”
clia tin hiéu tra vé so sanh vdi tin hiéu kich thich dya trén “thdi gian séng” hay cuong d” phat quang. Sy
hién dién oxy trong 14 1am ngudi di sy phat quang va giy ra mot phase bi thay dbi tin higu tra vé duoc thu
dugc photodiode. Chénh léch phase giita anh sang kich thich mau xanh va dnh sang do6 tra lai duoc do, két
qua dinh lugng duoc n6ng d6 oxy hoa tan.

0, 02 0,

o 0, 0 Sensing foil
Optical window 01 (lumiphore)

1

Photodiode—__ u

with red filter for
returning light Sensor cap
Blue filter

LED for sensor
diagnostics

Red reference\ Ei / Blue LED

Figure 1:
RDO Pro-X Sensor Design. -‘
Solid-State Optics.

Hinh 8: Nguyén Iy cam bién do oxy hoa tan bang phuong phép quang dién

Cam bién do nong do oxy trong du 4n 1a Thermo scientific 0877010 MD. Pay 1a loai cam bién st dung k¥
thudt cong nghé quang, truyén théng véi vi didu khién sir dung glao thirc chuan cong nghiép MODBUS.
Khi do thanh phéan oxy trong nudc phu thudc vao ap suét khi quyén. Do d6 trong mach thém vao mét IC
do ap suit khi quyén BPM180 truyén thong véi vi diéu khién thong qua chuin 12C.

e. Thiét ké mach cam bién do Clorine trong nudc

Doc song Cha Va cac nha may cong nghiép thuong dung Chlorine dé vé sinh va xa xudng nuéce, du lugng
ctia khi Clo ¢6 thé gay doc cho vat nudi, dic biét 1a 4u trang tom. Khi lwong Chlorine x1r ly trong nuéc du,
chung s& tac dung 1én c4 nhu oxy héa té bao mang cua ca. Qua trinh oxy hoa gdy ta kich thich, pha huy va
t6n thuong té bao mang cé, ¢4 ting qué trinh tiét dich nhdy, viém mang gy phong mang cé. Sy thay dbi
cAu tric mang ca s& 1am giam kha nang ho hap va hiéu qué diéu chinh ap suat thdm thau. Khi ndng d6 Clo
trong nudce cao (>4mg/1) ca s& bi ngd doc Clo, khi bi ngd doc Clo nhip ho hip cuia ca ting manh, ca c6 thé
chét do giam oxy trong mau. Nén chay suc khi, may quat nuéc dé loai bo ton du cua Chlorine trong ao
nudi.

Clo tu do trong nudc bao gdm hai hoa chat: axit hypochlorous (HOCI) va ion hypochlorite (OC1) khi Clorine
dugc dua vao nudce dé khir tring.

Cam bién do Clorine du str dung phuong phap dong khong déi 14 ky thuét dién hoa do su thay ddi cia dong
sinh ra tir phan ng hoéa hoc xay ra tai cac dién cuc. Dong dién dugc sinh ra ty 1€ véi néng dd chat phén
tich. M4t sensor dién hoa thong thuong g(‘Sm hai dién cuc riéng biét — dién cuc dm andt va dién cuc duong
catdt (vi du ca@p dién cuc Ag/Pt hay Cu/Au). Thong thuong, cac dién cuc duge bao boc bdi 1 mang cé chira
chét dién ly dé giup chon loc chét phan tich tot hon. Ngoai ra con c6 mét dién thé khong ddi dugce ap vao
gitta cac dién cuc.
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LHLORINE SENSOR

T
c

Hinh 9: Nguyén 1y va cam bién do Clorine du trong nudc

2.3. Phan tich va thiét ké mach diéu khién

Mach diéu khién hé théng duoc ché tao trinh bay trén hinh 10 bao g@)m cac khéi chue nang nhu: khéi nguén,
khéi diéu khién, khdi cam bién, khéi hién thi LCD, khéi cong suat, khdi truyén thong Radio, khéi truyén
thong GSM/GPRS (Modun SIM800L), khéi Ethernet.

B6 diéu khién hé thong sir dung san pham cua hang Microchip d6 1a vi diéu khién 8 bit PIC18F67J11, bo
vi diéu khién nay c6 128 byte FLASH va 128 Kbytes RAM. Tin hiéu dong ho dugc tao thanh boi mot tinh
the thach anh 20 MHz. Vi dleu khlen nay ly tuong cho cac tmg dung 3V ¢6 gia thanh cao, doi hoi giao t1ep
ndi tiép linh hoat véi bdn cong ndi tiép: cac cong ndi tiép dong bo kép (I2C ™ va SPI ™) va céc cong ndi
tiép khong dong bo kép. Mot lwong 16n bd nhé chuong trinh Flash 1am cho né 1y tudng cho cac bang thiét
bi do dac, TCP / IP cho phép cac ung dung nhung ciing nhu céc tmg dung gidm sat va kiém soat cong
nghiép. PIC18F67J11 1a mét cai tién cua ho PIC18F67J10, bao gf‘)m bo dao dong ndi bd 8MHz, tiéu thu
cong suét thap hon va kha nang mo phong EEPROM cii tién thong qua kha ning ghi tir Flash.

Modun GSM Cam bién ap suét khi quyén

Modun
Radio

Diéu
khién
bom

R t ] NOam chon
Cong vao gan cam menu
bién

Hinh 10: Thi céng mach diéu khién hé théng v6i PIC18F67J11

2.4. Tinh chgn ngudn pin mat troi cho hé théng

Tinh chon cong suat pin mat troi cho hé thdng dwa vao tong cong sudt tiéu thu ciia cac thiét bi trong hé
thdng, gia sir hé thong thiét ké 1dy mau va do ty dong 01 gio / 1 1an, tong thoi gian mot chu ky do mét 5
phut. So dd két ndi va cong suét tiéu thu dugc tinh nhu hinh 11.
e Tinh s6 watt-hour cta tim pin mit trdi cung cép (PV module): PVM=1.3 x 182.4wh = 237.12wh
e Tinh watt-peak cta pin mat troi: Wp=237.12wh/5=47.424 wp (Mt hip thu nang lugng mat troi
tai mot dia diém cua nude Viét Nam 1a 5SkWh/m2/ngdy). Chon tdm pin 60Wp.
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< 182.4
e Dunglugng Ac quy (Ah): dh=—"" =298A4h
g sAcAw 0.85x0.6x12
* TT Ténthiétbi | TG hoatdjng/l | Cong sut tiéuthu/
’ -4 B diéu khién: 12VDC-2A24w) ngéy ngﬁy

1 Bo diéukhién | 5p x 24=2h 24w x2h=48wh

imink BVDCOSA G 2 | Manhinh 60p x 24=24h | 2.4w x 24h =57.6wh
1 )|

1 )| 1 }) 3 Bom nuée bién | 2p x 24h = 0.8h 24w x0.8h=19.2wh

Bom nwée bién Bom xi 12VDC- Bom nue ngot 4 Bom xa 2p x 24h = 0.8h 24w x0.8h=19.2wh
12VDC2A(24w) 2A(24w) 12VDC-4A(48w)

5 Bom nudc ngot | 2p x 24h =0.8h 48w x0.8h=38.4wh

Téng cong suit tiéu thu (Wh): 182.4 wh

Hinh 11: So dd két ndi va cong sudt tiéu thu cac thiét bi

2.5. Truyén di¥ liéu 1én webserver

Dir liéu sau khi do s& dugc truyén 1én database ciia web-server thong qua giao thic truyén GPRS/GSM sir
dung mé dun SIM8OOL. Néu c6 thong s vuot ngudng, hé thong s& guri dit lidu qua tin nhan SMS dén dién
thoai ctia chu be. So d6 két ndi gitra vi diéu khién PIC18F67J11 va md dun SIM800OL dugc thé hién trén

hinh 12.

MicroSIM
Ditli¢u do

ANTENNA D
L I
RX X

' Xir Iy dir liéu
vCC

Data_do >
Data_Ngudng ?
GND

+ - Giri GSM/GPRS Giri SMS

PIC-18F67J11
X

SIM800OL

3.7V ] 1

Web-Server Di¢n thoai

@)

Hinh 12: G dit liéu do 1én Web-Server va Dién thoai

3 THUCNGHIEM VA KET QUA PAT PUQC
3.1. Cai dit va van hanh h¢ thong

M6 hinh hé théng do va giam sat chét lugng nudce thoi gian thuc dugc lép dat thir nghiém tai bé nuoi cia
anh Nguyén Cong Bién c6 dién tich khoang 500m? vé&i gan 100 16ng beé, bé nudi chu dao cac loai thuy san
nhu: ¢4 bdp, ca chim, ca cam, ca hong m¥, tom xanh, tom hum, hao...
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Hinh 13: Hé théng lap dat tai bé nudi cuia anh Nguyén Cong Bién
Trinh tu hOZ;lt d(f)ng cua hé théng duoc mo ta theq céc bude sau: Bude 1: Hidu chuin cam bién; Bude 2: Cai
dat thong so hé thong; Budce 3: Hoat dong hé thong.
Budc 1: Hi¢u chuin cam bién
Tt ca cic cam bién dién hoa 1an dAu tién truGe khi hoat dong phai dugc hiéu chuén (trir cam bién oxy: cam
bién cong nghé quang). Trinh ty qua trinh hiéu chuan cam bién dugc thuc hién nhu trén so do hinh 14.

HIEU CHUAN CAM BIEN

Ciam bién nhi¢t d9
Cam bién nhiét d6 duoc so véi
nhiét ké chuan. Mach dién tir
s& cdp nhat gia tri va luu gia
tri trong ROM, d¢ sai 1éch s&
dugc bu trong mach.

Ciam bién pH
Hiéu chuin cam bién pH tai
cic diém: Phd; pH7 va pH10,
cac gia tri sau do s& dugc luu
vao ROM

Cim bién d9 min
Hiéu chuidn cam bién do
man dugc lam & 4 diém:
10gr/L, 20gr/L, 30gr/L va
40gr/L. Céc gia tri sau do s&
dugc luu vao ROM

Cam bién Clo
Pat cam bién Clorine du
trong mau 465mV (mau nay
c6 pH=7, clorine do dugc bu
véi pH). Nong d6 dung dich
miu 1a 20gr/L, 30gr/L va

40gr/L, cac gia tri nay dugc
Iru trong ROM.

= 'h ld %

Hinh 14: Hiéu chudn cam bién

7
.

Buée 2: Cai dit thong s6 hé thong
Trudce khi hé théng lam viéc can cai dat thong s6 cho hé théng, tuy truwdng hop cu thé ma ché do cai dat
khac nhau.

e Cai dit truyén thong: Gin SIM dién thoai vao hé thdng va cai dit sé dién thoai mudn giri tin nhén
canh bao khi mét trong sé do vuot ngudng cai dat thip hoic cao.

e Cai dat bdo dpng: D& canh bio va giri tin nhén dén dién thoai cua chu bé nudi khi mot théng sb
vuot ngudng chung ta phai cai dat ngudng gidi han trén va dudi cho cac thong sé nude (nhiét do,
pH, d6 man, Chlorine, oxy).

o Cai dit thong sé cho bom va thoi gian rira cdm bién: Tuy theo timg truong hop c6 thé cai dat
téc d6 bom va thoi gian rira cam bién.

Budc 3: Hoat dong hé thong
Hé théng ¢6 02 ché d6 hoat dong: ché d6 hoat dong bé“lng tay (Manual mode) va ché d6 lam viée tu dong
(Auto mode). Trinh tu hoat dong ctia hé théng dugc trinh bay trén luu dd hinh 16.
e Ché d6 hoat dong bang tay: Bat cong tic ngudn (1) va chuyén cong tic (2) sang ché do chay bing
tay. Trong menu chinh chinh nut xoay va nhén xac nhan (3) & muc “PO”, bom 2 bét dau chay va
bom nudc ra khoi bon chira cam bién. Qua trinh nay cé thé dimg lai néu nhan nut (3). Pidu chinh
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nat tGi muc bom 1 va cho bom 1 chay dé hiit nude vao bon chira cam bién. Sau khi bon day nude
qua trinh do bat dau thuc dugc thuc hién

R R b 1636 142 HiE

HIEL [‘,:I-lIr_JFF‘f;Eﬁh]_ BIEH

i ... CAL DA g Select/
; lﬁfh_[?E‘E‘ {IH'» PI'INZHH 3 b“tton
| Manual P
292 1®
Auto OFF
NaCcl pH CI T° ©O2 2y

-

Hinh 15: Cai dat ché do van hanh

Biat dau
CT1=ON
Auto Manual
Mode Chon ché dd Mode

< CT2=Auto/Mai

N Ché do “Po”
CT3=0ON

Chu ky do
Tdo =01:00:00

Bom 1 chay
(Hut nude ngot ra)

l t Y [¢&—
Bom 2 chay Bom 2 chay
(Hit nuée bién vao) Hut mrée bién vag

I

Do nhiét do>bPo pH>
Po Clorine>Po mudi>
Do oxy

I

Guri dit ligu do

l’s

Rura va ngdm cam
bién

]

Po nhiét do>bPo pH>
Po Clorine>Po mudi>
Po oxy

Radio; SMS; GPRS

Xa nudc man >rira cam
bién >ngadm cam bien

Rura va ngdm cam
bién

Hinh 16: Luu d6 hoat dong ciia hé th6ng

3.2. Két qua dat duge

e Nguon cung cap: Hé thong 1am viéc doc 1dp va 6n dinh vdi nguon dién pin mat troi, khong can
nguon ludi.
e R , \ r er 3 K 2
¢ Kiém chung va danh gia két qua do:
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Qua trinh thyc nghiém do va kiém tra hé thong nghién ctru s& dugc ddi sanh vdi cac thiét bi do hién co trén
thi truong. Céc dung cu do ddi sanh gdm: do Ph va nhiét d6 sir dung may do pH Adwan Instruments AD132
(Romania), do d6 man st dung may do Hana HI993310 (Emin), do oxy hoa tan sir dung may HD3030
(Singapore) va do ndng do Clo du sir dung may do Hanna HI96701 (Italia). Két qua do dwoc thuc hién lién
tuc trong 4 gid ngay 07/05/2018 sé& dugc hién thi tir bang 1 dén bang 5.

Bang 1: Két qua do nhiét d6 ctia 02 dung cu

Thoi H¢ thong do Thiét bi do Sai léch ; Béng thong s6 do nhiet do nude

gian ADI132 "

oh 30,1°C 30°C 0,1°C

13h 30,3°C 30,5°C -0,2°C I I I I I I II
14h 29’90C 3OOC _O’IOC ® 12h00 13h00 14h00 15h00
15h 27,10C 270C O,IOC mHg théng do ® Nhiét ké

Hinh 17: Déi sanh két qua do nhiét do

Béng 2: Két qua do pH cua 02 dung cu

Bang théng s6 do pH cua nwdc

Thei | Hé thong do Thiétbido | Sai \
: AD132 léch
glan o6
12h 8,37 8,3 0,07
13h 8,8 8,7 0,1 : II II
14h 8,47 875 _0703 7’8 12h00 A13h;00 14h00 15h00
Ish 8,15 8,2 -0,05 S
Hinh 18: D6i sanh két qua do pH

Béng 2 cho thay két qua pH do dugc khong sai 1éch nhiéu. Gia tri pH do dwoc & cac vi tri quan tric dao
ddng trong khoang tir 8,15 dén 8,8. Nhin chung tai tat ca cac vi tri quan tric gia tri pH déu thoa man tiéu
chuén chit lugng nudc nudi trong thuy tinh BRVT va QCVN 02-19:2014/BNNPTNT.

Bang 3: Keét qua do dQ mzfm cua 02 dl.lng cu Bang théng sb do d6 méan cla nuéc

Thoi H¢ thong do Hana Sai léch 2
an (%0) HI993310 (%0) 20
g (%0) 15
12h 19,3 19,2 0,1 10 I
13h 19,7 19,7 0,0 . B ,
14h 18,6 18,5 0,1 = Hg théng do ™ Dung cu do
15h 16,4 16,3 0,1 Hinh 19: Déi sanh két qua do do man

Béng 3 cho thay d6 man giita 02 dung cu do 13 tuong ddi gidng nhau, d6 man cao nhat 19,7%o, vi tri thip
nhét 16,4%o sai 1éch cao nhat 1a 0,1%o .Tai cac dot quan trac 1an 3 va 4 khi thuy triéu 1én d6 man s& ting
dan, nhung do anh huéng ctia mua nén do man van duoc can bf?mg.
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Bang 4: Két qua do oxy hoa tan ciia 02 dung cu

hon Hé théng do HD3030 Sai léch . Bang thong so do oxy cua nwdc
! ) mg/l) | (mg/) .
gian (mg g g :
12h 6,1 5,9 0,2
13h 6,4 6,3 0,1 %
14h 6’8 6’6 0’2 ’ 12h00 13?100 14h00 15h00
15h 8,8 8,6 0,2 ' o

Hinh 20: Déi sanh két qua do oxy hoa tan

Bang 4 cho théy ndng d6 oxy hoa tan giira 02 dung cu do
1a tuong dbi gidng nhau Nhin chung gia tri DO tai tt ca cac Vi tri & moi thoi diém déu dat tiéu chuan nuéc
nudi tréng thity san theo tiéu chuin chit luong nudc nudi trdng thity san ciia tinh BRVT va QCVN 02-
19:2014/BNNPTNT. Trong d6 cao nhit 1a 8,8mg/I lac 15h do mua 16n lam cho d6 oxy trong nuéc ting
theo, thap nhit 13 6,1mg/I lic 12h nhung van dat tiéu chuén.

Bang 5: Bang két qua do chlorine du

Thai Hé théng do Hanna Sai léCh Bang thong sé do chlorine dw trong nwéc
. (mg/1) HI96701 (mg/1) v
glan 1
(mg/1)

12h 0,5 0,5 0 o5

i 0,55 0,5 005 | II II

14h 098 098 O ° 12h00 713700 14h00 15h00
- 0 1 01 éng do g

Hinh 21: D6i sanh két qua do Clorine

A 2 oA e Ya TeA ~
e Keét qua thuc nghiém giri dir li€u 1én web-serer:
Dir liéu sau khi do s€ duoc cap nhat trén web-server, néu cé thong s6 vuot ngudng hé¢ thong s& gui tin nhan
SMS dén chu be. Két qua thue nghiém dit liéu do cap nhat trén web-server thé hién trong hinh 22.

Tém Tat DO Liéu
Oy 6.4 Apsut 1.02 Negaamubl 19,7 wnigtasnwee 30,3
ol Live Overview
EEEEI . 55 | e 66 | (w0 87 | [wwseown 205
Lich Str / v
35 # Dirligu  Theigian
30 1 13912 Tue Apr 24 2018 200500
25 GMT+0200 (Remance Daylight
Time)
20
15 2 799802 T 4 2018 20:0500
10 ] omance Daylig
5
0 3 239149 Tue Apr 24 2018 20.0500
GMT+0200 (Romance Daylight
‘ 1 2 3 Time)
mOxy ®Clo ®mMubi ®Nhiét d6 nwéc =pH 4 965694 Tue Apr 24 2018 200500

Hinh 22: Két qua dit liéu do cap nhat Ién Web-Server

Tir két qua phan tich trén cho thiy ndng d6 chlorine giita 02 dung cu do 14 twong dbi giong nhau, ndng do
chlorine cao nhat 1,0 mg/l va thap nhét 13 0,5 mg/I sai 1éch cao nhét 1a 0,1 mg/l . Tai cac dot quan trac lan 3
va 4 ndng do chlorine tang 18n do xa thai cia nha may nhung ndng do chlorine van nim trong ngudng an
toan < 4mg/l (QCVN).
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4 KETLUAN
Dua trén két qua chay thir nghiém trén khu 1dng bé nuéi thily san cia chii ho Nguy@n Cong Bién, khi su
dung hé théng do chét lugng nudce clia dy an, mang lai nhitng uu diém nhu sau:
e Hé théng chay on dinh véi nguén dién mat troi nén tiét kiém dién va co thé lép dat ¢ nhitng noi
khong can dién ludi.
e Hé thdng ty dong 1ay mau, do, giam sat 05 chi tiéu nudc lién tuc 24/24 va giri dit liéu 1én webserver.
e Két qua do so sanh vdi cac dung cu do cam tay (bang 1-5), cho thdy hé thong lam viéc chinh xac
va 6n dinh.
e Thong s6 do dugc hién thi trén man hinh béng tiéng Viét rat thudn tién cho nguodi dung.
e St dung cam bién cong nghiép c6 dd chinh xac cao, c6 hé thdng tr dong rira cam bién va bao quan cam
bién trong nudc ngot nén ting tudi tho va duy tri do chinh xac cam bién, kéo dai thoi gian hiéu chuan.
e Luu tri dit liéu do trong thoi gian 6 theing dén 1 nam, vé& dd thi va lam bao cao.
Hién tai viéc nubi trong thily san tai tinh BRVT van con sir dung cac phuwong phéap nudi truyén thng, khong
kiém soat dugc ngudn nudc, pho mat cho thién nhién, nén hiéu qua khong cao va nhiéu i ro. Trong vong
5 nam t6i dé nang cao ning sudt, chit luong nudi va san pham mang tinh canh tranh cao budc ngudi nudi
phai ap dung cong nghé k¥ thuat cao vao nudi thily san. Do d6 nhu cau thi truong vé hé thong do, giam sat
va canh bao chét lugng nude tu dong phuc vu nudi thity san trong tuong lai 14 rat I6n.
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