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Tém tat. May do d6 mén tryc tuyén cho nude 13 mot trong nhimg thiét bi quan trong nhit trong viéc theo
doi va quan ly moi truong nudce cho cac trang trai nubi trong thuy san. Piém yéu cua cac thiét bi do do
mén hién tai la st dung phuong phap tiép xtic truc tiép véi moi trudng nude théng qua mang trao dbi ion
trong cac dién cuc cam bién. Véi phuong phap nay, theo thoi gian, cac dién cyc s€ bi 0, ri sét va gay ra
cac 16i 16n cho phép do. Pé khac phuc nhuoc diém nay, chung t6i d& xuat do d6 man cua nudc béng
phuong phap dién cuc khong tiép xc. Phuong phap nay str dung song vo tuyen dé do hang s6 dién moi
ciia mdi truong nude. Sau do, dya trén moi quan hé gitta d6 man voi hing s dién, d6 min cia nudc duogc
ndi suy. Voi phuong phap dugc dé xuit, ang ten dién cyc cam bién duogc boc cach dién bang nhyua va
nhing trong méi trudng nude. Do d6, hé thong do d6 min dwoc dé xuat khong bi anh huong bai vét ban
va ri sét trong moéi truong nudc. Vi vay, no co do bén va do 6n dinh cao va cé thé dugce st dung lién tuc
trong nhidu thang ma khong can vé sinh va bao tri.

Tir khéa. Do man; RF - Tan s6 vo tuyén, Hang s dién moi.

DESIGN SALINITY SENSOR USING NON-CONTACTING ELECTRODE METHOD

Abstract. The online salinity meter for water is one of the most important devices in monitoring and
managing water environment for aquaculture farms. The weakness of current salinity measurement
devices is to use a method of directing contact with the water environment through ion exchange
membranes in sensor electrodes. With this method, over time, the electrodes will be stained, rust and
cause big errors for the measurement. To overcome this drawback, we propose to measure the salinity of
water by contactless electrode method. This method uses radio waves to measure the dielectric constant of
the water environment. Then, based on the relation between salinity with electrical constant, the water
salinity is interpolated. With the proposed method, the sensor electrode antennas are coverd with plastic
and embedded in water environment. Therefore, the proposed salinity measurement system is not affected
by stainning and rusting in water environment. So, it has high durability and stability and can be used
continuously months without cleanning and maintenance.

Keywords. Salinity; RF - Radio Frequency, Dielectric Constant.

1 INTRODUCTION

Trong viéc nudi trong thuy san dé cho ning suét cao va hiéu qua thi viéc giam sat cac thong moi
truong nudce 1a v cling quan trong. Mot trong nhiing théng sé quan trong do6 1a d6 man ctia nude. P6 man
ctia nuéc anh huong rat 16n dén qué trinh sinh truéng va ning suit cua hau hét cac loai thiy, hai san nudc
lo va nudc man. Hién nay c6 ba cach xac dinh d6 man phé bién nhu [1].

11 Phuong phip ty trong ké (Hydrometer)

Ty trong la ty s6 cua trong lwong riéng chét can do va trong lugng riéng cua nude. D6 man dugc do
bang cach do sy thay doi cua ty trong nuéc khéng cd mudi va ty trong ciia nude khi duoc hoan tan mudi.
Mic du do man va ti trong c6 quan hé voi nhau, nhung hai thuat ngit thi kha khac nhau va nén duoc hiéu
theo nghia riéng cua n6. D6 man: dwgc dinh nghia 1a khéi lwong mubi duoc hoa tan trong 1 kg nuéc bién.
Ti trong: dugc dinh nghia 14 ti s6 gitra ti trong cua dung dich (tai nhiét do nhat dinh) trén ti trong cua nudc
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tinh khiét (tai nhiét d6 nhat dinh). Ti trong phu thudc vao nhiét do, vi viy muén két qua do ti trong dung
thi nhiét 6 phai dung.

-
Hinh 1. Thiét bi do d¢ man bang phwong phdp do 1y trong

1.2 Phwong phap khiic xa ké (Refractometer)

Khuc xa ké do theo nguyén tac song anh Sang truyen qua cac moi truong co chiét suat khac nhau s&
c6 sy thay doi phuong truyén cua tia s6ng. Chiét xuat ciia nudc lién quan den ndng do vat chat trong moi
truong nudce. Khi mudi duge hoa tan vao méi truong nudce s& 1am thay dbi ndng do vat chat, ddn dén thay
ddi vé hé s6 khuc xa ctia nue, nhu duoc thé hién trong [2].

Hinh 2. Thiét bi do d¢ mdn bang phwong phdp khiic xa ké

1.3 Phuwong phap d9 din dién (Electrical Conductivity)

Dura trén phuong phap do d6 dan dién (EC) ctia dung dich. Muéi trong dung dich chu yéu ton tai & 2
dang ion Sodium (Na+) va ion Chloride (Cl-). Khi s6 luong ion Sodium va ion Chloride ting 1én, d6 dan
dién cta dung dich ciing tang I&n tuong ung véi do ting ciia ndng d6 mudi. Sir dung nguyén 1y nay, do
min dugc xac dinh bang cach tinh toan d6 dan dién ciia méi trudng qua mang trao ddi ion. N6 con duoc
goi 1a phuong phap do k¥ thuét sd. Phuong phap EC dugc khuyén nghi sir dung trong do do man trong
néng nghiép, nhu dwgc minh hoa qua thiét bi do EC170.

Hinh 3. Méy do d¢ dan EC170 ciia hang EXTECH
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14 Nhén xét chung

Cac phuong phap khuc xa ke va ty trong ké st dung thao tac nhén cong dé do do man. Diéu nay rat
bat tién khi giam sat cac thong sé moi truong trong cac diéu kién nang mua hay troi t6i. Voi phuong phap
do dan dién, ‘tuy ¢6 do chinh xac cao nhung viéc do thuc hién qua tlep xuc tryc tiép cua dién cuc do qua
mang trao doi ion voi méi trudng nude. Phuong phap niy c¢6 nhuge diém 1a néu s dung do online trong
moi truong nudc, theo thoi gian cac dién cyuc s€ bi oxy hoa, bam béan, dong vang tir mdi trudng. Piéu nay
s& gdy ra sai s6 16n cho phép do, anh huong dén chat luong cua hé thong giam sat moi truong.

bé khac phuc nhuoc diém nay, nhom nghién ctru dé xuit do d6 min bang phuong phap dién cuc
khong tiép xuc. Phuong phap nay sir dung birc xa ciia song radio dé do hang s dién moi ciia moi truong
nudc, tr doé ndi suy ra do man cua nudc.

2 PROPOSED METHOD
2.1 MB& hinh dé nghi cho thiét bi do d9 min

Heé thng do d6 min dugce de nghi gém 2 phan phan phat va phan thu. Phan phat, tin hiéu ngudn s(t)
tr mach tao xung clock voi tan s6 1 KHz dugc diéu ché voi song mang tir by LCO (local oscillator), véi
tan s6 315MHz. Anten dugc thlet ké loai anten Helical. Tin hiéu sau diéu ché duoc khuéch dai cong suat
qua bo PA (power amplifier) 10i birc xa ra anten phat. Phan thu, tin hiéu tir anten thu s& di qua mach cong
huéng chon loc tan sé song mang LC, sau d6 dugc giai diéu ché véi song mang fc. Tin hiéu sau khi duoc
giai diéu ché duoc di qua b khuéch dai cong sudt thip LA (low-noise amplifier) va mach loc lowpass
filter voi bang thong 1 KHz, dé khoi phuc nguén tin hiéu ban dau s' (t). Bén canh do6 hé théng con duoc
thiét ké thém bo do nhiét d6 dung PT100. Sau dé céac tin hiéu thu s' (t) va T(t) dugc dua dén bo chuyén
d6i thu thap dir lidu s Data Acquisition, NI my DAQ. Dit liéu s6 thu duoc dua dén bo xtr Iy sé DSP dé
phan tich va tinh toan gia tri d6 man. Viéc xt ly DSP va hién thi két qué dugc thyc hién trén may tinh voi
phan mém LabView.

Transmitter Khoang cach thu phat, d
- »

Receiver
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M g 1
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\ 4
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LO. [, LO. f- Filter

Clock

Cenerator Iit)
: Y Data -
Dlsi’él;\l'ni):l““ — DSP o Acquisition s'()
’ (NI myDAQ)

CPU & LabVIEW software

[

Hinh 1. So do khoi phan ciing ciia hé thong may do do mén

2.2 Phwong phap thiét ké
2.2.1 Xay dung ham toan hoc mé ta hé théng thu phat
Goi P, 1a cong suat phat cia anten phat, P, 1a cong suat thu dugc cia anten thu. Trong d6 anten phat

va anten thu duoc thiét ké giéng nhau Hertzian dipole, c6 cung dién tich buc xa hiéu dung 1a 4, va d6 loi

dugc xay dung tu [3],
4TA,

G=— 1)
Trong d6, A 12 budc séng clia song mang truyén dan trong moi trudng vat chat,
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,1:71’ 2)

Trong do, v, la vén toc truyen song trong moi truéng vat chat,

’ = 3
\/805r.u0.ur oMo 5r.ur Erﬂr ( )

Trong do, & la hang s6 dién moi cua mdi truong truyén song, &, 1 hé s dién moi cua moi truong
truyén song khong gian tu do, p, 12 hing s6 tir mdi ctia moi truong truyén song, po 1a hé sd tir moi cia
moi truong truyén song khdng gian ty do.

g0 = 8.854x10 * F/m (4)
Uo = 4mx10—7 HIm (5)
Lo =7 ©)

L. 1 N N A A £
Véi ¢ = /sﬂ =3x10%m/s va f latan s6 cua song mang
oMo

Mot cach tong quat e, 1a hang sb dién méi phirc, &, = . — je/’. Trong méi trudng nude bién,
by = 1.
Tu (2), (3) va (6) ta co,

_w__ ¢ _ 1
T fVERE VE )
Cong suat cua anten thu [3] 13,
_ PiGeGrA?

T (4md)? ) ) i (®)

Véi Gy Va G, 1a d0 lgi cua anten phat va thu, xem nhu giong nhau trong hé thong anten dang hudng
helical [4] cd,
2nR\? _(L\ _ 60(7R)*nL
G, = G, ~15( ) n(5) =22 ©)

Véi R 1a ban kinh cta vong day quan anten 1a 2mm, L la khoang cach gifta cac vong day la 1.5mm, n
1a s6 vong day quan va chiéu dai ctia ddy quan 1 47cm.

Vay tu (7) va (8) ta co,
225m2R*(nL)?
P = ”dz—lg(")Ptsz (10)
Mit khac, theo 1y thuyét birc xa [4], ta co cong sudt phat ctia anten:
_ Zk% 2
Py = |Th| (12)

Vi, I 1a dong dién trén anten, h 1a 4§ dai cua anten, k 1a hﬁng sb truyén dan soéng,

k=a+jB a—w\] <1+( ) )/3— J <1+( )2+1>

Do hé théng anten thu phét boc cach dién nén ¢ =~ 0, ta co:

. . . j2 2
k= jB = joviE = jouooire, = 2 E = L2 e (11)

Holr __ Zo
7= [t= [t 12

Vi Z, 1a tré khang song trong moi tm’(‘mg khéng gian tu do, Z, = 3770

A Zk? Zo(Ih)?
Vay, P = T lIh[? = TR0 o0 (13)
Tur (10) va (13) ta co,
75m3R*(nL)%Z,(1h)?
p. =IC g;;s oflh)” g2:5 (14)

2.2.2 Xay dung ham mé ta hing s6 dién méi

D6 min cua nude bién phu thudc vao thanh phan cia cac nguyén td chinh trong nuée: Chloride,
Sodium, Magnesium, Calcium va mdt so0 nguyén to khac trong nudc tai vung dia phuong, nhu dugc thé
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hién trong [5] va [6] . Chinh nhing thanh phan chat nay tao ra su thay d6i cta hang s6 dién moi ctia moi
truong nudc bién. Hang sd dién méi cua moi truong vat chit dugec md ta du tién boi Debye [7] nim
1929,

E5—Eo0 . 6
& = €0 F 1+(j2mf7)t=? —J 27fe, (15)

Trong do, &o, 1a hang s6 dién moi ¢ tan s6 cuc cao cua dung dich, & 1a hang ) dién méi tinh (¢ tan
s6 thap), T 1a thoi gian 6n dinh phan cyc (relaxation time) ciia dung dich, @ 1a thong sb thuc nghiém (rat
bé) va § 1a d6 dan dién ion.

Potassium (1.13%)

Magnesium
(3.65%)

Salts In Seawater

(Sowen: Ocesn Hou® - oo oedioounet
Chemshytand

Hinh 4. Thanh phdn cdu tao ciia nieée bién

Pén nay, da co nhleu tac gia nghién clru xdy dung phuong trinh mo ta hing sb dién moi cua dung
dich nuéc bién trong mdi quan hé voi do mén, tin sd song truyén dan nhu dugc review boi Ram [8]. Nhln
chung cac mo hinh nay da xay dung dé hoan thién mé ta cac thong sb &4, &, T Va §. Chung 1a ham sé ciia
d0 man va nhiét do.

Goi T 1a nhiét d6 0C va S 1a d0 man %o ctia nudc. Thong $6 €o, trong moéi truong nuoc lg 1a 4.9,
dugc do trong nghién ctru [9]. Hé thong anten cach dién voi méi truong, nén § ~ 0. Bé don gian hoa bai
toan thiét ké, phuong phap dé nghi chon tan sb 1am viéc tai 315MHz. Gia tri cua tham s6 7 theo céch tinh
[7] va [10] c6 gia tri rat bé, nho hon 17.6 nano gidy. Do d6 (j2mft)*~?, tinh tai tin sé lam viéc 14 rat bé
so voi 1, Nén ta xem nhu duge bo qua (j2mf7)1~? trong pt (15). Vay &, c¢6 gia tri thuc va pt (15) duoc
viét gon 1a,

& = &(T,S) (16)

Qua khéo sat cac nghién ciru trudce, chiing toi chon mé hinh mé ta hing sb dién méi cta Swith [7].
Vi theo nghién ctru cua Gadani 2012 [10], phuong phap cua Swith duge danh gia 1a cho két qua gan voi
thyc nghiém nhat. Theo Swith, hang s6 dién moi dugc thé hién 13,

& =&(T,S) = EO(T 0)a(S,T) an

Trong d6 £,(T,0) 1a ham mo ta hing s dién moi v6i bién sd nhiét d trong moi trudng nude tinh
khiét,

go(T,0) = 87.134 — 1.949 X 10717 — 1.276 X 1072T? + 2.491 x 107473 (18)

a(S,T) 1a ham dic trung bién thién cua hing s6 dién méi theo nhiét d6 va do man. Vi phuong phap
cua Swith, ham ddc trung nay dugc mo ta la,

a(S,T) =1+ 1.613 x 1073ST — 3.656 x 10735 + 3.21 X 107552 — 4.322 x 107753 (19)

2.2.3 Phwong phap hiéu chuin céng suit thu

Tu pt (14) ta co,
75m3R*(nL)?Zy(Ih)?
P = u E;;;s : gr PrO‘Ez'5 (20)
757r3R4(nL)ZZO(Ih)2

Trong dé, goi P,q = 1226
0
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Vay v6i mot hé thong anten thu phat duge thiét ké ¢ dinh thi P, co gia tri duge xac dinh va la
hang s6. P, duoc tinh dya vao phép hiéu chudn cong suit, duge thuc hién ngay sau khi 1ip dat hé théng
tai dja diém do.

Thu tuc hiéu chuan cong suét nhu sau:

1) St dung may do d6 man chuyén dung EC170 cta hang Extech dé do do nam caa moi
truong nudc tai thoi diém do.
2) Tupt(17), (18) va (19) ta tim duoc &, cua nudc.

3) Dua vao hing sé dién méi da tin dwoc va cdng suat thu duoc cia anten thu vao pt (20) ta
tim ra duocC P,g.

2.2.4 Phwong phap do do man

Dé do d6 man tai thoi diém bt ky, ta thyc hién cac budc sau:

Bude 1) Do cdng suat va nhiét do tai thoi diém dé bang thiét bi do d6 man duoc thiét ké.
Budc 2) Tinh g, tir pt (20) va &,(T, 0) tu pt (18)
Budce 3) Tu g, £(T,0) va pt (17) ta tim duoc gia tri cia ham dac trung a(S, T)

Budc 4) Duya trén nhiét do do duoc va gié tri ciia ham dic trung a(S, T), ta giai pt (19) bang phuong phap
Newton-Raphson, ta tim ra dugc gia tri 6 man.

Hinh 5. Giai thudt do dé man

3 RESULTS

Hé thdng sau khi dugc lip dit nhu Hinh 6 va Hinh 7. Bé nudc 500 lit, ban kinh 50 cm, chiéu cao 70
cm. M6 dun thu phét duogc lip trong 6ng nhya PVC dudng kinh 2.7 cm. Pau cudi anten ¢ boc nhuya,
dugc tiép xtc truc tiép v6i méi truong nude & do sdu 30 cm. Day fide dugc boc gidp va nbi voi md dun
thu thép dir lion NI MyDAQ. Dir liéu thu tir NI MyDAQ dugc truyén vé may tinh qua céng USB. Hinh 8.
Minh hoa giao dién phan mém xir Iy di liéu va noi suy két qua do man.

Hinh 6. Bé nw6c mudi va hé thong anten thu phdt dwoc lap dat trong 02 éng nhwa
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Hinh 7. Hé thong thu thap va xi Iy dit liéu

Céc dir liéu do, ghi nhan va thong ké thoi gian, nhu thé hién trong Bang 1, Hinh 9 va Hinh 10. Trong
do, ta ky hi€u: S 0/00 1a d§0 man cia nudc thuc tai thoi diém do, S_EX 0/00 12 ¢6 min do bang may do
chuyén dung EC170 cua hang EXTECH va Delta (S) 1a sai s6 ctia phép do. Viéc hiéu chuan cong suat tai
thoi diém d6 mian bang zero. Két qua thuc nghiém cho thay thiét biva hé théng do d6 man c6 sai s6 16n
hon khi so sanh véi may do khic xa k& va do dan. Ta thiy sai sb gia ting khi nhiét d6 méi truong ting
cao (khoang trua va chiéu).

[ S —— )

LR Al

ENSUVIRG B A T 0 T ey Thot Salinity Measurement System

dhactil Usiversty of 140 O Mas ol

~ JoNy
Dala Aczpaisiion P e anmiainon Calte tico
LO0p O

Procmeit ampoatn | Saleay | Pt &

[noods s [ysa T 2% J0.coss

Piow L .

(o P —

I . ( mop .
Irowmcy Ayt RS \--/\'\ —
[romm [noarzzm ™

Hinh 8. Giao dién phan mém diéu khién sir dung Labview

Badng 1 Dir liéu thuc nghiém

E‘Il;’r: Nhigtdo | S% | S EX% | Delta(S) | Ghi cha
9AM 203 7655|5000 0.00 0.0 | g chudn cong
2PM 32.1 75.44 1.210 3.650 2.44 | Ly mau
4PM 32.36 75.12 2.330 4.970 2.640 | LAy miu
6PM 31.7 75.03 3.520 6.120 2.600 | Lay miu
8PM 30.15 75.16 4.780 6.870 2.090 | LAy miu
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9AM 28.7 75.33 6.130 6.620 0.490 | Liy miu
11AM 29.8 74.75 7.260 6.960 -0.300 | Ly miu
2PM 31.8 73.95 8.450 10.230 1.780 | Lay mau
4PM 31.8 73.68 9.810 11.200 1.390 | Lay mau
6PM 31.8 73.61 10.120 12.400 2.280 | Liy mau
8PM 30.5 73.71 11,340 12,900 1,560 | Lay mau
9AM 29.15 73.66 13,540 13,200 -0,340 | Lay miu
11AM 30.05 72.78 16,810 17,100 0,290 | Lay miu
2PM 31.2 71.95 19,750 22,300 2,550 | Liy mau
4PM 315 71.33 22,750 24,200 1,450 | Liy miu
6PM 30.74 70.52 28,230 29,800 1,570 | Liy miu
8PM 30.2 69.82 32,780 31,900 -0,880 | Lay miu
9PM 29.43 69.49 35,450 36,700 1,250 | Liy miu
11AM 30.21 68.74 38,320 38,900 0,580 | Lay miu
2PM 32.61 67.59 41,670 43,300 1,630 | Liy miu
Trung binh sai s6 +1.2

Céc nguyén nhan khach quan va chi quan gy ra sai sd ciia hé théng dugc rat ra nhu sau:

o Do anh hudng cia hién tuong fading song trong qua trinh lan truyen Song tir anten phat téi anten
thu tir nhiéu | hudng: truyén thang va tan xa tir thanh bé va tir méi trudng ngoai. Piu nay lam thay
d6i cong suat thu, gay ra sai s6 cho phép do.

o Do anh hudng ciia nhidu nhiét 1én cac linh kién ban dan, lam thay d6i hé s6 khuéch dai, dan dén

1am thay ddi cong suat thu. Viéc thay ddi cong suat thu giy ra sai s cho phép do.

II
KY
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Hinh 10. Minh hoa cdc gid tri dj méan do bang phiong phdp d@é nghi (S%o) va do bang mdy do chuyén dung dj dan
EC170 ciia EXTECH (S_EX%o)

4. CONCLUSION

Bai bao nay da trinh bay mot phuong phap mdi trong thiét ké bo cam bién do do man bang phuong
phap dién cyc khong tlep xuc. Bit dau bang viéc phén tich va xdy dung ham toan hoc m6 ta moi lién hé
giita cong suat truyén dan song radio voi hing s6 dién moéi cua truong va mdi lién hé giita hing sb dién
mdi ciia moi trudng v6i dd min ciia nudc, tac gia di dua ra mo hinh thiét ké hé thong thiét bi do do man.
Tir mo hinh thiét ké, tac gia di dua ra cac thiét ké chi tiét phu hop cho timg khdi chire nang.

Két qua thue nghiém cho thiy phép do cho sai s6 trung binh khong qua 1.2%o so véi két qua do cua
may do d6 man ki thuat s6 chuan, EC170 cua hang EXTECH. Néu so sanh véi cac may do hién tai thi
thiét bi do duoc thiét ké co do chinh xac thip. Tuy nhién néu so sanh vé hiéu qua ung dung do online bén
bi lién tuc 24/24 trong thoi gian hang thang troi thi kha nang dap ung cua thiét bi duoc thiét ké 1a tuyét
voi va khong co thiét bi do nao trén thi truong co6 thé 1am duoc tai thoi diém hién nay. Hon nira, néu xét
vé goc do umg dung trong nudi trong thuy san, vi du tom/ ca nudc lg song trong moi truong do man co
pham vi tir 5-40%o, thi phuong phap do dugc dé nghi cho sai s trong khoang 1+2%o 1a chap nhan dugc.

Mot s6 diém déng gop méi va ndi bat cua bai bao:

o  Su dung birc xa radio dé do hang s6 dién méi, tir d6 1a co s dé giai bai toan gitp nodi suy ra thong
s6 d6 man cua nudc.

o Ky thuat dung birc xa radio dé do hang s6 dién méi c6 thé dugc mo rong ting dung dé do nong do
vat chit cta rat nhiéu loai vat liéu khac nhau, nhu do luu lugng khi gas hay do Iuu lugng chét
long.

o Dong gop quan trong nhit ciia bai bao nay la dé xuat phuong phap do d6 man bang dién cuc
khéng tiép, n6 gitp tao ra thiét bi do c6 thé do online c6 do bén, d 6n dinh cao, ma khong can
phai vé sinh dau do theo thoi gian.
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