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Tém tat. Thiét bi do d6 d6 man online cho méi trudng nude la mot trong nhirng thiét bi rat quan trong
trong viéc gidm sat va quan 1y méi trudng nudc cho cac trang trai nudi trong thuy hai san. Yeu diém cua
cac thiét bi do d6 man hién dang dugc ding hién nay trén thi truong 13 st dung phuong phap tiép xuc truc
tiép qua mang trao ddi ion v&i moi trudong nudc thong qua cac dién cyc cam bién. Véi phuong phap nay,
theo thoi gian, cac dién cuc s€ bl bam mang béan va bi dn mon dién cuc gy ra sai s 16n cho phép do. Dé
khic phuc nhuoc diém nay, chung t6i dé xuat mot phuong phap hi¢u qua hon dé do d6 man nude. Phuong
phap dé nghi str dung cam bién siéu am dé do d¢ cao cua phao ndi 1én mit nudc, tir d6 dung dinh luét
Archimes dé noi suy ra d6 man. Phuong phép nay co dic diém la dién cuc cam bién khong tiép xuc truc
tiép voi mdi truong nude, khong bi dn mon dién cuc, khong bi anh hudng boi can bam cia méi truong
nén c6 do bén va do chinh xac cao.

Tir khéa. Do min; song siéu am.

THE DESIGN OF THE WATER SALINITY SENSOR
USING ULTRASONIC WAVES

Abstract. Online salinity meter for water environment is one of the most important equipment in
monitoring and managing the water environment for aquaculture farms. The weakness of salinity meters
currently used in the market is the use of direct contact via ion exchange membranes to the water
environment through sensor electrodes. With this method, over time, the electrodes will become dirty and
corroded the electrode causing a large measurement error. To overcome this drawback, we propose a
more efficient method to measure water salinity. The proposed method uses an ultrasonic sensor to
measure the height of the buoy that floats to the surface of the water, thereby using Archimes's law to
interpolate the water salinity. This method has a characteritic that the sensor electrode does not contact
directly with the water environment. Therefor, designed salinilty sensor will not be corroded the
electrode, unaffected by frowning from water environmental, so it has high durability and accuracy.

Keywords. Salinity; Ultrasonic wave.

1 GIOI THIEU

Trong viéc nudi trong thily san dé cho ning suit cao va hiéu qua thi viéc gidm sat cac thong s6 moi
truong nudce la vo cung quan trong. Mot trong nhiing thong s6 quan trong do la d§ man cua nudc. Do man
clia nu6e anh huong rat 16n dén qua trinh sinh truéng va nang sut ctia hau hét cac loai thuy, hai san nudc
lg va nudc man. Hién nay co6 ba cach xac dinh do man pho bién nhu [1] va [2]:

1.1 Phwong phap ty trong ké (Hydrometer)

Ty trong 14 ty s6 ciia trong lugng riéng chat can do va trong lugng riéng cua nude. DO man duoc do bang
cach do sy thay dbi cua ty trong nudc khong c6 mudi va ty trong ciia nude khi duge hoan tan mubdi. Do
man: dugc dinh nghia la khéi luong mudi dugc hoa tan trong 1 kg nudc bién. Ti trong: dugc dinh nghia la
ti s6 gitra ti trong cua dung dich (tai nhiét 4o nhat dinh) trén ti trong cta nudc tinh khiét (tai nhiét do nhat
dinh). Ti trong phu thudc vao nhiét d9g, vi vay mudn két qua do ti trong dung thi nhiét do phai dung. Vay
tir ty trong ctia mudi trong dung dich nuéc ta c6 thé ndi suy ra ¢6 min cia nude.
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Hinh 1. Thiét bi do &6 min bang phuong phap do ty trong
1.2 Phuong phap khiic xa ké (Refractometer)
Chiét xuét cta nudc lién quan dén néng do vat chat trong méi truong nude. Khi mubi dugc hoa tan vao
mbi truong nudc sé lam thay ddi nong do vat chat, ddn dén thay doi vé chiét xuat ciia moi truong nudc.
Ma chiét sut lai lién quan dén hé sb khic xa clia mdi truong nude. Séng anh sang truyén qua cic moi
truong c6 chiét sudt khac nhau s& ¢ su thay doi phuong truyén cua tia song. Loi dung tinh chit nay,
ngudi ta thiét ké may do d6 min bang phuong phéap khic xa ké, nhu dugc thé hién trong [3].

Hinh 2. Thlet bi do do mén bang phuong phap khuc xa ké
1.3 Phwong phap d6 din dién (Electrical Conductivity)

Hinh 3. Méy do d6 dan EC170 ctia hing EXTECH
Dua trén phuong phap do d6 dan dién (EC) ciia dung dich. Mudi trong dung dich chii yéu ton tai & 2 dang
ion Sodium (Na+) va ion Chloride (CI-). Khi s6 luong ion Sodium va ion Chloride tang 1én, d6 dan dién
cua dung dich cling tang Ién twong ung voi do tang cua ndng d6 mudi. St dung nguyén ly nay, d6 man
duogc xac dinh bang cach tinh toan do dan dién ctia méi trudng qua mang trao ddi ion. N6 con dugc goi la
phuong phap do k¥ thuét sd, nhu duoc thé hién trong [4]. Phuong phép EC duoc khuyén nghi sir dung
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trong do d6 man trong noéng nghiép, nhu du’o‘c minh hoa qua thiét bi do EC170.

1.4 Phuong phap dién cwe khong tlep xuc

Phuong phap nay dua trén viéc do hang s6 dién moi ciia nude lg bang viéc do suy hao cong suit cua
song radio truyén dén quan hai dién cyc dat trong moi trudng nude lo, nhu Hinh 4. Phuong phap nay c6
diém manh 1a dién cuc do khong tiép xtic truc tiép voi moi truong nude nén cb kha nang do online v6i do
chinh xac va d6 bén rat cao khi so sanh vdi cac phuong phap do online khac, nhu thé hién trong [5]. Tuy
nhién, diém han ché ctia phwong phép dién cuc khong tiép xtic 1a str dung song radio ¢ tan s6 315MHz rat
dé bi nhiéu cia mdi trudong ngoai. Trong thyc té khi 1ap dat tai cac trang trai nudi trong thuy san, 8& co rat
nhiéu cac thiét bi may moéc duge su dung trén ao nudi nhu: may bom, quat dao nudc cong sudt 16n va
may suc khi vdi cong suat 16n. Chinh nhiing thiét bi nay dit gan may do giy nhiéu tan xa tin hiéu cho
thiét bi do.

" Hinh 4. Cam bién dién cuc khong tiép xUc

1.5 Nhan xét chung

Cac phuong phap ty trong ke va khuc xa ké str dung thao tac nhén cong dé do do man. Diéu nay rat bat
tién khi giam sat cac thong sb moi truong trong cac diéu kién ning mua hay troi téi. Voi phuong phap do
dan dién, viéc do thuc hién qua tiép xuc truc tlep cuia dién cuc do qua mang trao ddi ion voi moi trudng
nuée. Phuong phép niy c¢6 nhuge diém 1a néu sir dung do online trong méi truong nudc, theo thoi gian
cac dién cyc s& bi oxy hoa, bam ban, dong vang tir mdi truong. Didu ndy s& giy ra sai sd 16n cho phép do,
anh huong dén chat luong cta hé théng giam sat méi truong. Trong khi voi phuong phap dién cuc khong
tiép xtic, tuy c6 wu diém hon cac phuong phap trude do, st dung song RF c’r‘tén s6 315MHz dé do hang s6
dién méi, tir d6 ndi suy ra d6 mdn cua nude. Phuong phéap nay tuy c¢6 vu diém dau do khong tiép xic truc
tiép véi moi trudng nudc nén rat bén theo thdi gian. Tuy nhién, khi img dung phuong phap nay trong moéi
truong cong nghiép, nhu ao nudi tdm c6 nhiéu thiét bi cong nghiép nhu may bom, quat ddo nudc, may
suc khi, thi bi anh hudng nhiéu ciia nhidu dién gay ra sai s6 16n cho phép do.

Dé khic phuc nhugc diém nay, nhom nghién ciru dé xuat do do man bang phuong phap str dung cam bién
siéu am. Phuong phap nay sir dung nguyén ly do suy hao cong sut lan truyén ctia song siéu am dé do
khoang cach d¢ cao ndi trén mat nude cia phao, tir 46 nodi suy ra d6 man cia nudc. Do dic diém song
siéu am c6 tan s6 thap vai chuc KHz nén khong bi anh huéng ctia nhiéu tan xa song radio trong qua trinh
do, dan dén khong gay sai sé cho phép do.

2 PHUONG PHAP PE NGHI

2.1 Mo hinh d@ nghi cho thiét bi do dd min bang cam bién siéu Am

Hé théng do do man bang song siéu am dugc dé nghi duoc thé hién & Hinh 5. Mot bé chira nude muéi hinh
try, c6 dudng kinh 102cm va chiéu cao 77cm, dugc sir dung cho thue nghiém. Phao thuyén dung x6p rat
nhe, ¢6 kich thude 60cmx60cmx10cm. Phao thuyén dugc dung dé ¢ dinh vi tri ciia cam bién siéu am so
Vo1 mat nuge. Mot phao ndi bang nhura sillicon, di dong theo phuong thang dung dong truc voi cam bién
siéu am. Po di chuyén cua phao ndi ty 18 v6i ty trong cia mudi trong nudc. Phao ndi duge c¢b dinh vi tri
trén mit phang ngang, ¢ gitra phao thuyen

Bén canh d6 hé thong con duoc thiét ké thém bo chuyén ddi thu thap dir liéu sb Data Acquisition, NI my
DAQ, dé thu thap dir liéu cam bién tir siéu 4m dwa dén bd xir Iy s6 DSP dé phan tich va tinh toan gia tri
d6 man. Viéc xir Iy DSP va hién thi két qua dugc thuc hién trén may tinh véi phan mém LabView.
Nguyén ly do d6 méan nhu sau:
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a) DO mian ctia mudi trong dung dich lam thay d6i ty trong ciia dung dich trong bé. Dudi tac dong
cua lyc déy Archimedes lam cho phao ndi trdi 1én mat nudc.
b) Cam bién siéu 4m s& do tim khoang cach ciia dau phao ndi v6i ddu cam bién va truyén di liéu
ngo ra dang analog
¢) Dit lidu ngd ra bd cam bién siéu 4m duoc thu nhan boi module IN MyDAQ truyén vé may tinh dé
phan tich xu ly
May tinh voi phan mém LabVIEW phan tich va xur 1y dit liéu thu hién thi dang song va gia tri d6 mén do
duoc.

Sensor sonar ¢—————

|, Phao thuyén (ding dé ¢6 dinh

o ) = Sensor sonar)
Bé chita nrdc | —

\!
/

|y Phaonoi

Nude mudi
|

_ _ Data
D“pﬁhgt‘;‘pm' DSP | Acquisition d(o
(NI myDAQ)

CPU & LabVIEW software

Hinh 5. So d6 khéi phéan cimg ctia hé thong may do d6 man dung cam bién siéu am
2.2 Nguyén ly thiét ké
Goi 1a khéi lugng cua mubi hoan tan trong dung dich va 1a thé tich cua dung dich. B§ mén S cua
nude mudi duge tinh boi (1),

=— @)
Goi 1a khéi lugng riéng cta nude 1000kg/ , vay khdi lwong riéng cia dung dich 13,
= + 2)
Ta chon phao hinh try, c6 ban kinh 13 R, chiéu cao ctia phao 1a  va khéi luong riéng 1a . Gia st ta tha
phao trong bé nudc, chiéu cao ctia phao chim trong nudc 1a . Khi tha phao trong bé nudc, theo dinh

ludt Acsimet dé phao ndi thi khdi lwong riéng ctia phao phai nhé hon khéi luong riéng cia nuge. Vay
chon vat liéu lam phao 1a nhya, sao cho khoi lugng riéng ctia phao nho hon khoi lugng riéng cia nudc.

Goi  la khéi luong ctia phao va  1a khoi lugng phan thé tich ma phao chiém chd trong bé
nude mudi. Khi phao can béng trong bé nude muéi, ta c6 phuong trinh can béng trong lugng nhu sau,
= . (3)
= . 4)
= o +) (%)
- _ (6)
=—- )

Goi 1a chiéu cao cua phén phao ch1m trong nuée khi @6 man S = 0. Khi ta hoa mudi Vao bé nuéc

thi do man tang lén va h¢ qué lam phao ndi dan l1én mat nudc. Goi phan chiéu cao cua phao noi 1én mat
nudce do cé muoi dugc hoa tan trong bélaA | tacod:

= —-A (3)
Vay tur (7) & (8) ta c6 phuong trinh mo ta d§ man ctia dung dich,

© 2020 Truong Pai hoc Cong nghiép thanh phé HS Chi Minh



THIET KE CAM BIEN PO MAN CUA NUGC DUNG SONG SIEU AM 55

= — " )
Chigu cao troi 1én mat nude cuia phao noi khi dung dich nudc mudi véi dg man 1a S,
A = - (10)

2.3 Thiét ké hé théng phao
Thiét ké phao thuyén
- Phao thuyén c6 chtic ning cé dinh vi tri ctia cam bién siéu Am véi mat nude, dé co thé do do cao
noi 1én mit nuge cua phao noi. De phép do chinh xac thi khoang céach gitra dau cam bién va mit
nude phai ¢d dinh. Dicu nay yéu cau phao thuyén gan nhu khong thay doi d6 cao so véi mit nude
trong qua trinh do.
- MO0 hinh thyc nghi€m ctia hé théng thiét bi cam bién siéu 4m do d6 midn nhu Hinh 9. Phao thuyén
dung tim Xép ¢6 kich thude 60cmx60cmx10cm, va dinh vi gin cam bién siéu am tai diém gitra
phao. Phao n6i str dung day silicon dung cho sing bén keo va duge gdn ga vao truc dé cb dinh vi
tri theo phuong ngang va phao ndi chi chuyen dong 1én xubng theo phuong thing dung
- Goi h, va D, 14 chiéu cao toan b phao thuyén va khéi luong riéng cua phao thuyén. Goi -
1a chiéu cao ciia phan phao thuyén chim trong nudc khi d6 min S = 0. Khi ta hoa mudi vao bé
nude thi @6 man ting 1én va hé qua lam phao thuyén ndi dan 1én mat nude. Goi phan chiéu cao
ctia phao ndi 1én mat nude do c6 mudi duoce hoa tan trong bé 1a A
- Tur pt (9) ta co thé tim ra duoc phuong trinh mé ta quan hé ciia d6 min véi do cao cua phao
thuyén di chuyén 1én mat nudc 13,

ST s (
Vay ta co,
A= - (12)
- XO0p c6 khéi luong rieng = 15.4 kg/m’, trong khi khdi lugng riéng ciia nude 1a = 1000
kg/m® do vay tir (10) ta thay o =0.00154mva A =<0.06 trong pham vi do d¢ man
[0+40%o].

Thiét ké phao néi
- Pé don gian, nhom nghién ctru chon vét lidu 1am phao ndi 1a thanh nhya sillicon cua sing ban
keo c¢6 dudng kinh 10mm, khéi lugng riéng 1a = 985,23 kg/m’.
- Do st dung bé nudc dung dich thyc nghiém c6 chiéu cao 77cm, nén ta chon phao néi c¢6 chiéu

caola  =68cm.
- Vay tir (10) ta tim duoc chiéu cao phan phao néi chim xudng dudi nudc tai dd man S =0 1
= 67cm.

- T pt (11) ta tim dugc trong khoang pham vi d6 médn do S = [0 + 40] thi d¢ cao ndi 1én mit nude
cua phao ndi la [1 + 3. 58cm]. Trong khi thyc té chiéu cao cua phao thuyén 1a 10cm va chiéu cao
tir dau cam bién siéu am dén mit nude ciing 1a 10cm, nén thiét ké nay phu hop cho viéc do tim
khoang cach d6 cao ndi 1én mit nude ctia phao noi.

- Mit khac ta thiy tir pt (12) su thay d6i do cao cta phao thuyénla A < 0.06 gdy ra sai s6
16n nhét ctia phép do d6 man 1a = 0.1%o.

2.4 Thiét ké khoi thu nhan tin hiéu

Str dung cam bién siéu am dé do do ndi ctia phao khi dit trong méi trudng nude mudi so voi moi trudng
nudce c6 dd man 1a 0. Cam bién duoc chon lua 1a XX918AFIMI12 cia hang Schneider, nhu Hinh 6 va 7.
Cam bién nay c6 cac thong sb nhu sau:

- Pham vi c6 thé do tim tir [0.051 + 0.508m].

- Dién ap ngd tin ra tin hiéu cam bién dang analog [10-0V]

- Goc do tim cho chum tia si€éu am tan xa trong pham vi 6°

Ta lap trinh cai dat khoang cach do tim trong khoang [0.01-0.1 1m], twong tng v4i gi tri cam bién ap ngd
ra [10+0V].
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Hinh 6. Cam bién siéu am XX918AF1M12

Hinh 7. So @b diu day

2.5 Thiét ké khoi xir 1y dir Liéu

Recigved signal

ALoop for DAQ 5a Sensor s c.

DAQ Ascistant ==

r device name

|

* ETTarin
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Hinh 8. So db khéi giai thuat thu nhan va xu ly dit liéu

So dd khbi giai thuat thu nhan va xu Iy dir liéu nhu Hinh 8, dugc giai thich nhu sau:

Dir liéu khoang cach do dudi dang tin hi€u analog, c6 pham vi gia tri 1a [10-0V] khi khoang cach
do ttr [0-0.1m]. Vay néu ta goi A la khoang cach do dugc khi c6 do thay ddi dién ap 1V, thi A
=0.01m.

Do vy, tin hiéu thu duoc tir kh6i iy mau DAQ Assistant duoc dua dén khdi do gia tri dinh. Sau
d6 tin hiéu dinh dudi dugce dua qua bd trir dién ap 10V, dé léy hiu gia tri dién ap thay ddi. T do,
chiéu cao ndi 1én mat nudc cua phao ndila A, dwoc tinh biang hiéu gia tri dién ap thay ddi nhan
voi A |

Tugiatri A tim dugc voi cac gia tri va  duoc thiét ké & phﬁn 2.3, ta thirc hién
cac phép toan nhu Hinh 8, theo phuong trinh (_95, dé tim ra gi4 tri 6 man.

3 KETQUA , , o
Moé hinp tl}iét bi do Vd(f) man cda nqéc str dung gérn bién ’siéu am duoc '1ép Vdét nl}u Hinh 9. Bé nudc muodi
dugc do day. Hé thong phao thuyén va phao noi dugc lap dat nhu thiét ké va lap dat nhu Hinh 10. Hinh
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chup phao ndi duogc ga vao ong nhya dd, ong nhwa nay dugc bt thang goc va ¢ dinh trén phao thuyén.
Day cép tin hidu dugc ndi tir dau ra cam bién dén modun thu thap dir liéu NI MyDAQ nhu Hinh 11.

May do d6 man chuén d6 dan duoc su dung 1a EC170 cua hang EXTECH. Chung t6i da thuc hién do dac
trén mau mudi hot 13y tai Huyén Can Gio - TP.HCM. 14 phép do thir nghiém dugc thyc hién. Vi mdi
phép thir, chiing t6i iy mot bat t6 mudi hoa tan vao bé nude va quiy déu 5 phut dé mudi tan hét. Két qua
thé hién ¢ Bang 1, cho thdy d6 chinh x4c twong ddi ctia thiét bi dugc thiét ké. Phan tich Bang 1 ta thiy sai
s6 gia tang ¢ khoang thoi gian gan trua va chiéu, khi trdi ning git, nhiét d6 ting cao.

Hinh 10. Hinh chup phao ndi duoc ga vao dng nhua d3.
Két qua do dac thuc té gia tri d6 man thé hién & Bang 1 cho thiy bién do sai s6 cuc dai 13 £1.5%o (twong
g sai s6 ® 3.7%). V6i gia tri sai sO ndy cho thiy do chinh xac cao hon phuong phéap dién cuc khong
tiép xuc [5] 14 6.5% va cao hon 1.7% so vdi sai s6 ctia may do chuyén dung EC170 1a 2%. Tuy nhién néu

© 2020 Truong Dai hoc Cong nghiép thanh phd H Chi Minh



58 THIET KE CAM BIEN PO MAN CUA NUGC DUNG SONG SIEU AM

xét vé muc dich tng dung thuc té cho quan tric mdi trudong trong nudi trong thiy san, thi sai sé nay nim
trong ngudng cho phép vi pham vi 6 man ma tdm, ca nudc 1¢ song theo [6] 14 [5 + 35%eo].
i

Hinh 11. Hé thng thu nhan va xtt 1y tin hidu DSP
Bang 1. Thong ké két qua 14 thuc nghiém trén cic mau mudi tai Huyén Can Gio TP. HCM.

STT miu | Thoi gian do Nhiét d6 (°C) Do man chuan do P06 mén do bang Sai sO
bing may do Extech | may do duoc thiét
EC170 ké

01 7h05 28.2 4.24 4.0 0.24
02 8h08 28.5 7.82 7.6 0.22
03 9h10 28.7 10.5 10.24 0.26
04 10h25 28.9 13.8 13.43 0.37
05 11h08 29.1 16.3 15.83 0.50
06 13h32 30.4 19.4 18.52 -0.88
07 14h15 30.6 21.5 20.03 -1.47
08 15h12 30.8 24.2 24.52 -0.32
09 16h30 30.6 27.9 28.32 -0.42
10 17h05 30.6 29.4 29.85 -0.45
11 18h10 30.1 32.6 33.01 -0.41
12 19h07 29.6 35.6 35.84 -0.24
13 20h12 29.0 38.9 39.22 -0.32
14 20h45 28.8 42.3 42.49 -0.19

Bién d¢ sai sO +0.45

4. KET LUAN

Bai bao nay da trinh bay mot phuong phép mdi trong thiét ké b cam bién do do min bing phuong phap
dung song siéu am dé do do cao cia phao ndi 1én mat nude, tir 46 sir dung dinh luat Archimes dé noi suy
ra d0 man cua nu6e. Phuong phap thiét ké da dugc dién giai mot cach logic tir nguyén 1y toan hoc, thiét
ké phan cimg va phin mém.
Mot sé diém dong gop méi va ndi bat cua bai bao:
- Puaray tudng méi cho viéc tmg dung k¥ thuat siéu 4m dé do d6 man cua nudc.
- Cam bién do d6 min bang séng siéu 4m cua dé tai khong co tiép xuc dién cuc tryc tiép voi moi
truong nudc nén khong bi dn mon dién cuc va khong bi anh hudng béi nhiéu dién va tir truong
ciia moi trudng xung quanh.
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Diém dong gop quan trong cua dé tai 1a c6 thé tao ra mot may do do mian co thé do online lién tuc voi do
bén va on dinh rat cao, hoan toan c6 thé ing dung trong méi trudng cong nghiép, nudi trong thiy san hay
quan tric moi truong.
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