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Tém tat: Trong nhung ndm gan ddy, nong nghiép cong nghe va gid tri cao dang ngay cang phat trién manh
me. Dién tich nha mang, nha ludi duoc phat trién o tat ca cdc tinh thanh trong ca nudc, trong do phaz ké dén
tinh Lam Pong, theo thong ké ciia S¢ Nong nghzep va PTNT, tinh dén cuoz nam 2022; di¢n tich nha mang, nha
luoi toan tinh dat 4476,2 ha [1]. Trong mot moi trwong canh tac dwoc kiém sodt, nhu cau vé tudi chinh xdc la
rat cao khi twdi thuong két hop voi dinh duong nham cung lic tiét kiém cong, nurée va phan bon. Cam bién dat
do nhanh la phuowg phqp do d¢ am dat 'khong pha hoai mdu va duoc coi la phuong phap 161 uu nham tire thoi
xdc dinh d¢ am tai bg ré dé duwa ra quyét dinh twdi hop ly. Co nhzeu ky thudt dé phat trién cam bién ddt nhw do
suc cang, phuong phap dién tro, dién dung, phan xa mién tan so (FDR) phan xa mzen thoi gzan (TDR),vv..
Trong nghién cuu nay, trinh bay t6m lwge cdc két qua phat trién mot cam bién do do am daz sur dung ky thuat
FDR da dat dwoc do chinh xac trén 95% khi thi: nghiém vdi cdac loai moi truong trong pho bién nhw ddt sét, dat
miin, gid thé xo dira. Két qua nghién ciru di cho ra doi mot cam bién dit tin cdy dé dang tich hop vao cac hé
théng canh tac hién dai voi chi phl hop Iy cho vng dung rong rai trong san xuat nong nghiép,vv...Bai bao la
mot phan ket qua nghién cvu cuia dé tai khoa hoc cap Bo Nghzen cu ché tao cam bién, tich hop cong nghé,
thiét bi va két noi thong minh de ndng cao hiéu qua sir dung nudc mat ruong .

Tir khéa: Cam bién do dé am dat, néng nghiép céng nghé cao.

Summary: In recent years, high-tech and high-value agriculture has been growing strongly. The area of
greenhouses and net houses has been developed in all provinces and cities across the country, including Lam Dong
province, according to statistics from the Department of Agriculture and Rural Development, by the end of 2022;
the area of greenhouses and net houses in the whole province reached 4476.2 hectares. In a controlled farming
environment, the need for precise irrigation is very high when irrigation is ofien combined with nutrition to save
labor, water and fertilizer at the same time. Rapid soil sensors are a non-destructive method of measuring soil
moisture and are considered the optimal method to instantly determine the moisture at the root system to make
reasonable irrigation decisions. There are many techniques to develop soil sensors such as tension measurement,
resistance method, capacitance, frequency domain reflectometry (FDR), time domain reflectometry (TDR) .... In
this study, a summary of the results of developing a soil sensor using FDR technique has been presented, achieving
95% accuracy when tested with common growing media such as clay, humus, and coconut fiber substrates. The
research results have produced a reliable soil sensor that can be easily integrated into modern farming systems at
a reasonable cost for widespread application in production, etc. The article is part of the results of the Ministry-
level scientific project "Research on manufacturing sensors, integrating technology, equipment and smart
connections to improve the efficiency of using surface water in fields".

Keywords: Soil moisture sensor, high-value and technology agriculture.

1. GIOI THIEU cung cip du lwong thyc va hd tro day du cho

Theo World Bank du kién trong 30 nim t6i, dan ~ ©4¢ nhu cau xa hoi khac, nong nghiép phai tro
s6 thé gi¢i du kién can mde 10 ty ngudi. Dé nén ning suat sir dung hiéu qua tai nguyén va
bén viing vé mat modi truong hon. Nhu ciu cho
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tudi nong nghiép van 1a nghanh s dung dén
70% luong nudc lay tir cac soéng sudi, hd chira
va cic ting nudc ngam. Cac hé thdng bom tuéi
st dung 6% lugong di¢n toan cau va cac hé thong
canh tac lha gao c6 tuodi chiu trach nhiém dén
11% lugong phat thai metan do con nguoi. [2].
Tai Viét Nam, nong nghiép la nganh str dung
nudce nhiéu nhat. Theo thdng ké, luong nude st
dung hang nim cho san xuit néng nghiép vao
khoang 93 ty m?, cho cong nghiép khoang 17,3
ty m?, cho sinh hoat 1a 3,09 ty m? va cho nganh
dich vu 13 2,0 ty m>. Trong tuong lai dén nam
2030, co cau dung nudc giita cic nganh sé thay
d6i theo xu huéng néng nghiép 75%, cong
nghi¢p 16% va nganh dich vu, tiéu dung 1a 9%
[3].

Pé giai quyét van dé nay, st dung nudc thong
minh can dugc dwa vao rong rai trong quan ly
nuée tudi mat ruong vira nham giai quyét
nhiing kho khan vé ngudn nudc vua nham ting
ning suat ndng nghiép ciing nhu tiét kiém cong
lao dong, giam chi phi.

Tudi thong minh 1a viée ng dung cac cong
nghé tién tién dé quan 1y va tbi uru cap nude cho
cdy trong. N6 bao gom viée sir dung cac cam
bién dé giam sat va dy bao dat, thoi tiét, va cac
hé thdng kiém soét co thé diéu tiét lugng nudc
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va thoi diém ap dung phu hop. Tudi théng minh
su dung cam bién dat 1a mot cach tiép can truc
tiép nham 4p dung luong tudi pht hop c6 gid tri
trong nghién ctru cling nhu thyc hanh. Trong
d6, cam bién dat c6 nhiém vu x4c dinh d6 am
dat, nhiét o dat, EC, dinh dudng... , Trong
nghién ctru nay, chi tap trung vao cam blen do
d6 4m dat. Co rat nhiéu phuong phap do d6 a am
dat, ¢ day trinh bay mot s phuong phap chinh
c06 do chinh xac va do tin cay da duoc ung dung
trong nghién ciru va san xuat:

Phwong phdp cin sdy

La phuong phép dai dién cho nhém phai phé
mau nghia la lay mau dat tur dong rudng vé dé
can sdy. Dé giam thiéu sai s6, ngudi ta thuong
phai x4c dinh gia tri trung binh cua hai hodc ba
mau. Pay 1a k¥ thuat dugc sir dung phd bién
nhat dé x4c dinh d am cta dt, do tinh don
gian, dé thuc hién va du do chinh xac. Phuong
phap nay la ky thuat co ban dé xac dinh do am
dat ciing nhu 13 co s dé kiém tra, so sanh céc
phuong phap khac Tuy nhién, n6 cd nhugce
diém dang ké 1a tén thoi gian va cong stre, thoi
gian thuc hién dai va khong phu hop dé theo doi
lién tuc d6 4m cua dat cho cac ung dung cong
nghé cao.
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(b)
Hinh 1: Phwong phdp cdn sdy dé xdc dinh dé am ddt

Hinh 2: Cam bién sirc cdng mdt ngodi

Phuwong phap do sirc cang mdt ngoai

Str dung nguyén ly ép sudt am dé do d6 am cua
dat va danh gia chuyén dong cta do 4 am dat theo
Iy thuyét vé nang luong. Ong PVC trong subt cho
phép nhin thay lwong nude trong dng, phan day
duoc lip dau ap dat sét chat luong cao chit va kin
khi, va phép do 1a chinh x4c. Cam bién dugc hién
dai voi trang bi thém phﬁn dién tir lam nhiém vu
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doc gia tri 4p suét chuyen d6i thanh tin hiéu dién.
Cam blen ¢6 uu diém chi phi thip do chinh xac
kha tdt, tuy nhién bao dudng phic tap, d6 bén

chua cao nén kho dua vao ing dung rong rai trong
san xuat.

I

3
|

ouITent Sourcs L §

1
2mVLC,
(a)

Phwong phdp phdin xa mién tin sé FDR

La phuong phap dwa trén co s¢ do dién d6 dién
thAm hay con goi la * ‘hang sd dlen moi” tr sy
thay d01 tan s6 cua song vo tuyén phan xa hoic
tan s cong huong (Kelleners 2004).

Y

(b)

Hinh 3: Mach nguyén 1y ciia phwong phdp phdan xa mién tan sé
(C la dai dién cho phdn dién dung cua moi truong do, L la cuon day, va C;
la dién dung tong cong; F ld tan so cong hwong ciia mach,; Cam bién ddt TEROS 12
ciia hang Meter Group sir dung céng nghé FDR tai tan sé 70 Mhz

Tai mot tan sd cao trong khoang 20MHz —
1GB nhitng anh huéng cta nhiét do, mudi,
chu tric dat dugc coi 1a nho. Nhitng cam bién
nay thuong dugce goi 1a may do phan xa mién
tan sé6 (FDR), tuy nhién thuat ngir FDR
thuong bi st dung sai vi hau hét cac cam bién
tan s6 déu su dung mot tan sd duy nhat chr
khong phai mot mién tan sd. Cam bién FDR
can tiép xuc t6t voi moi trudong ma chiing

\ ) d=185¢m

dang do ma khong c6 khe ho. Khéi lugng do
phu thudc vao kich thuéc cam bién véi hau
hét cac cam bién co chiéu dai dau ro tir 5 cm
dén 10 cm. Sir dung cam bién FDR thuong
van phai thuc hién hiéu chinh cho loai dat
tréng dé dat dugc d6 chinh xac cao nhét.

Phwong phdp phin xq mién thoi gian (TDR)
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Hinh 4: (a)cho thdy biéu do phan xa TDR thu dwoc doi véi dé voi khé véi dau do
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hai que dai 18,5 cm. (b) la cam bién cong nghé TDR ciia Acclima

Nguyén 1y cta bt ky phép do TDR nao déu bao
gém vi€c phat ra mot tin hi¢u dién tr doc theo
dau do duoc dua vao vat lidu dang duogc thu
nghiém. Tin hiéu phan xa mang thong tin vé cac
dc tinh dién tham cta vat lidu ma dau do dugce
dua vao. Tin hiéu phan xa do thiét bj TDR thu
dugc sau d6 dugc phan tich thong qua phan
mém xtr 1y dit liéu cy thé, phdn mém nay cung
cap do hoa goi 13 anh phan xa. Biéu db phan xa
hién thi sy phan xa hé sb, p (ty 1é giita bién do
cta tin hi€u thu va phat), 1a mét ham cta khoang
cach biéu kién, dapp. Pai luong dapp khong
phai la khoang cach vat ly thyc va gia tri cua nd
bi 4nh huong bai thoi gian di chuyén cua séng
dién tir Hinh 3a. cho théy biéu d6 phan xa TDR
thu dugc ddi v6i da voi kho véi dau do hai que
dai 18,5 cm.

2. PHUONG PHAP NGHIEN CUU VA
THIET KE

Phuong phap TDR ¢6 wu diém 1a d chinh xac
cao tuy nhién, mach thiét két phirc tap doi hoi
xtr Iy tin hiéu nhanh nén ché tao phuc tap, chi
phi rit cao. So sanh phuong phap FDR va
phuong phép do strc cing déu co ¢o chi phi thap
hon, tuy nhién cam bién do sirc cing trong quéa
trinh van hanh doi hoi phai tén cong bao dudng
van hanh, do do, trong nghién ctru nay FDR
duoc lua chon dé phat trién cam bién nhoy nhiing
wu diém vé d6 chinh x4c dam bao, do bén cao,
miurc d§ phuc tap cia mach & mic vura phai, chi
phi phat trién du kién khong cao. Hé thong
mach dién tir ctia cdm bién dugc thiét ké thanh
3 khdi chinh (Hinh 5):

K261 do tin hidu cho
nhijt 45

KhSi do tin hiju

cho &4 dm dit Mach vi dilu khiln, ngule vl sgegivi

20 ép R5485

Mach

[ Mach ngude
Mach ¢ vi chia T o doeg nght
Biin

Cruyéa ddl ADC

Hinh 5: So do khoi thiét ké mach do dat sir
dung phwong phdp phan xg mién tan so FDR

(a) Khéi do tin hiéu do am dat: Khoi nay bao
gdm dau ro cam bién (chon chiéu dai 10 cm,
duong kinh 5 mm, thép khong ri 316 chdng in
mon axit, ddu cim duogc vot nhon), mach dao
dong dao dong hinh thanh véi mot mach LC
bén ngoai, trong do, dau ro duoc coi nhu 1a mot
phén dién dung ctia mach LC. Su bién dong
ctia do dién thim ctia méi trudng hay “hing sd
dién moi1” s€ tao ra mdt dao dong cong huong
& tan s6 xung quanh 56 Mhz. Tin hiéu nay s&
duoc di qua mot mach khuéch dai vé bién do
(khoang 10 14n) va sau d6 tin hiéu nay dugc
qua cac mach loc trudc khi dua vao bo chia tan
s6. Bo chia tan s6 nay bao gom 2 IC giam 64
va 256 1an, dé dua tan s6 ban dau khoang 56
Mhz vé 3.4 kHz va qua mot cach ly quang
truge khi dwa vao chan doc cua vi diéu khién.

(b) Khdi vi diéu khién, ngudn va ngoai vi: Khoi
nay bao gém mot mach nguén ha 4p dua dién
12 V d4u vao cam bién vé 5 V ding cho vi diéu
khién, ngoai vi va cac khéi do. Vi hé thong tiéu
thu dong kha 16n t6i da 60 dén 70 mA & cac thoi
diém do, mot mach doéng ngét cac cam bién da
duogc dua vao dé tat cac khoi do khi khong dung
dén, do d6 hé thong chi tiéu thy 5 mA trong giai
doan nghi. Vi diéu khién st dung o day la
ML51FBYAE la vi diéu khién loai 8051, 8 bit
cua hang Nuvoton hoat dong & tan s6 24 Mhz
va bd nhd Flash 16 Kb, Ram 1Kb Sram, 16
GPIO rat phu hop dé phat trién cac cam bién
nho. Hé théng thiét ké sur dung mach RS485 cho
lap trinh Modbus-RTU dé giao tiép véi may
tinh bén ngoai, c6 01 giao tiép UART cua vi
diéu khién da danh cho nhiém vu nay. Mot chan
GPIO da st dung dé dém dao dong cua mach
doc tan sb, va 01 giao tiép ADC duogc str dung
dé cho doc tin higu nhiét tir khdi do tin hi¢u
nhiét do.

(c) Khéi do tin hiéu cho nhiét do: Khdi nay
nguyén ly chung la st dung mét dién tré nhiét
c6 do chinh xéac 10 k, d6 chinh xac 1%, dé khi
¢6 str thay d6i nhiét d6 moi trudng, dién trd trén
dau ro sé thay d6i. Mach chia ap duoc thiét ké
véi cac dién tré c6 do chinh xac 0,1% dé dam
bao dau ra tot nhét c6 thé. Pau ro trd nhiét duoc
dua vao trong 1 dau ro thép khong ri 316 dé cam
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vao dat.

Phan mém cho cam bién duogc phat trién trén
nén Keil C cho vi diéu khién 8051. Sau khi hoan
thanh mach dién, phén mém duogc nap cho vi
diéu khién, cam bién duoc kiém tra hoat dong
on dinh véi RS485Modbus sau d6 thuc hién

dong vo va hoa cung epoxy bén trong. Phién
ban cam bién do do am dit cong nghé FDR tan
s6 56 Mhz do Vién Nude, Tudi tiéu va Moi
truong phat trién hoan thién sau 10 lan thu
nghiém 1y ma s6 model 13 IWE-SM-NXL-v1
(Hinh 7).

(d)

Hinh 6: Tin hiéu dao dong tir mach tao dao dong (a) dwgc xu ly va khuéch dai gap 3 lan vé bién
dé (b), dwoe dwa qua mach giam tan sé 64 lan (c) va giam 256 lan ¢ dang séng vudng (d)

Hinh 7: Mach dién tir (trén) va san pham
cam bién sau khi dong vo do epoxy (dwoi)

3. HIEU CHINH VA KIEM PINH

Ba loai méi trudng trong phd bién trong nha
kinh duoc st dung dé thuc hi¢n hi¢u chinh

232

cho cam bién 1a d4t phu sa, dt tribat hay con
goi 1a dat dinh dudng, gia thé xo dira. Céc loai
dat nay rat phii hop cho trong rau an 14, cu qua
nhu dua chudt, dua ludi, ca chua, dau tay,
hoa,vv... Pic diém mot sd loai dat nay nhu
sau:

(a) Dat phu sa c6 kich thudc hat trung binh giita
dat cat va dat sét. Phu sa c6 thé xuét hién dudi
dang dat hodc ¢ dang tram tich song hay bién,
so hitu nhiéu chit dinh dudng da vi luong va
chat khoang dé tao diéu kién ti wru cho cay phat
trién. Dt phu sa co dung trong trung binh 13
0,84 g/cm’®, ty trong 2,69g/cm® (PBSH). Do
x6p cua dit 50 + 60%, d6 am tbi da dong rudng
ctia dat 30 + 46% tly thudc thanh phan co gidi.
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(b) Gia thé xo dira 1a vét 1iéu canh tac bén viing,
c¢6 kha nang giit nude va thoat nude tdt, it dich
bénh, dung lai nhiéu 14n tiét kiém chi phi, it hay
khong c6 dinh dudng nén kha ning kiém soat
dinh dudng khi trong tot hon, hau hét cac gia
thé xo dira c6 kha ning giit nudc tir toi da tir 40
dén 55%.

(c) Pat dinh dudng duogc tao ra tir hdn hop

(a) Dat phu sa

(b) Xo dtra

CONG NGHE

cac thanh phan nhu xo dira, than bun, phan
hitu co, va cac chat dinh dudng can thiét khac
dé cung cAp mot moi trudng 1y tudng cho cay
phat trién. DAt Tribat 1a mot thuong hiéu phd
bién do Cong ty c6 phan cong nghé sinh hoc
Viét Nam sang tao va dang ky, duoc sir dung
trong trong cay va lam vudn, dic biét 1a trong
rau sach, cay canh, hodc hoa.

|  KHOA HOC

(c) Pat dinh dudng tribat

Hinh 8: Ba méi truwong trong phé bién trong nha mang dwoc sik dung
cho hiéu chinh va kiéem dinh cam bien

Hiéu chinh cim bién

Quy trinh xur ly dét duoc thuc hién qua cac budc
nhu dat phu sa liy vé duoc cho vao 10 siy &
nhiét do 120°C trong 24 gi dé lam kho dét, sau
d6 dugc nghién nho, sang bo cac hat 16n voi
kich thudc mit sang 2 mm. Lay mau dat vao xo
hiéu chuan, 1én chat tuong ddi sao cho dat dugc
dung trong twong ddi cua dat kho & hién trudong
dén khoang mirc 3 lit trong xo.

Thuc hién tao diém bang viéc d6 dat ra khay va
thém nuée cho mdi diém, tron déu nude véi dat,

va db lai vao x6 hiéu chuén va nén dit cho dén
vach d3 danh dau trong x6. Mdi diém am tudn
ty thém nudc voi 5% hodc 10% tong thé tich
(150 ml, 300 ml nude) tuy thudc vao kha nang
ngam nudc cua tung loai dat, dé duogc cac diém
am 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
50%. Tai mdi diém am, tién hanh viéc do bang
cam bién dé doc tin hiéu géc, cam 3 vi tri trong
x0 dé 1ay 3 gia tri. Két thiic mdi lan do, lay 3
mau dat nho vao hop nhém, thuc hién can mau
nay trudc khi cho lai vao ti sdy. Quy trinh
tuong ty duoc thyc hién cho 3 loai dét.

Bang 1: Két qua hi¢u chinh xiy dung phwong trinh hdi quy tinh d9 4m cho dit phu sa

Tin Tin Tin | Tin hi¢u | D am the , . | Sai s0 tuyét .y
T pieu1 | nicuz | hicus| BQ | tich(%) | Ml g (%"; Ghi cha
0 3383 0 116348769 | 1.63 | DAtkho
1 | 3336 | 3338 | 3336 | 3.336.67 5 97928799 | 4.79
2 | 3331 | 3326 | 3324 | 3,327.00 10 11.911781 1.91
3 | 3316 | 3314 | 3315 | 3,315.00 15 14414714 | 059
4 | 3301 | 3296 | 3288 | 3.295.00 20 18.272606 173
5 | 3268 | 3261 | 3260 | 3,263.00 25 23.629707 137
6 | 3205 | 3201 | 3193 | 3.199.67 30 31273188 127
7 | 3116 | 3111 | 3117 | 3,114.67 35 35352199 | 035
8 40 Chay tran
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Bang 2: Két qua hiéu chinh xiy dung phwong trinh hdi quy tinh dd 4m cho xo dira

Do 4m Sai s6
Ti Ti Ti Tin hié : .
TT hié‘;‘ ) hié';‘ ) hié': ; "113 Q“-"“ thé tich | Tinh lai |tuyétdbi| Ghi chi
il el B (%) (%)
0 3420 0 1.601047 1.60 Xo dura kho
1 3396 | 3354 | 3365 | 3,371.67 10 8.140692 1.86
2 3301 | 3289 | 3292 | 3,294.00 20 18.64923 1.35
3 3188 | 3195 | 3208 | 3,197.00 30 31.77362 1.77
4 3106 | 3134 | 3132 | 3,124.00 40 41.65074 1.65
5 3053 | 3101 | 3073 | 3,075.67 50 48.19038 1.81
6 60 Chay tran
Bang 3: Két qua hiéu chinh xay dung phuong trinh hdi quy tinh d9 4m cho dit dinh dudng tribat
A . R < Sai 6
A A A Tin hiéu |D0 am the| ) e ke .,
TT |Tin hi¢u 1|Tin hi€u 2| Tin hi¢u 3 : : Tinh lai | tuyét doi | Ghichu
BQ tich (%)
(%)
0 3367 3356 3363 3420 0 -0.28 0.28 Dit kho
1 3261 3251 3260 3,257.33 10 11.00 1.00
2 3030 3034 3018 3,027.33 20 17.40 2.60
3 2912 2891 2906 2,903.00 30 33.51 3.51
4 2867 2857 2869 2,864.33 40 42.21 2.21
5 2848 2843 2857 2,849.33 50 46.17 3.83
6 Chay tran
o y=-0.1353x+464 34
R* = 0.9903; xor dira, hinh trda
50 (=]
~ y =-0.0004901%° 4 3.0466664x - 4,699.3652292
40 @ R? = 0,9665602; dat phi sa, hinh vuéng
g [ -
E 30 ‘@
8 -
20 P
iy
10 y = -8E-07x% # 0.0073x7 - 23.176x + 24672 . 2
R’ = 0.9773; dat try bat, hinh tam gidc .
.
0 E IY] )
2800 2900 3000 3100 3200 3300 3400 3500
Murc tin hiéu
Hinh 9: Moi quan hé dé am, tin hiéu géc va phiong trinh hoi quy tinh todn dé am
Kiém dinh cam bién Tién hanh quy trinh chuén bi dat va thuc hién

do kiém dinh cho 3 loai dét trén, ta thu duoc cac

Tir cac phuong trinh hdi quy dé x4y dung, phan . X
két qua nhu dudi day.

mém dugc cap nhat va nap lai vao cac cam bién.
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Bang 4: Két qua kiém dinh cim bién do dd 4m dit IWE-SM-NXL-v1 véi dit phu sa

Gid tri am ;o ea A X . . X A
2z P Tin hiéu | Do am May | Sai so tuyét Lo
TT Diém am thé tich . . z. Ghi chu
binh quan do (%) doi (%)
(Yo)

1 Kho 0 3378 -0.300 0.30 Dit kho
2 Thém 5% 5 3,351.00 6.482 1.48
3 Thém 5% 10 3,331.00 11.046 1.05
4 Thém 5% 15 3,318.00 13.802 1.20
5 Thém 5% 20 3,291.00 18.997 1.00
6 Thém 5% 25 3,271.00 22.385 2.62
7 Thém 5% 30 3,177.00 33.053 3.05
8 Thém 5% 35 3,182.00 32.704 2.30
Binh quan 1.62

Bang 5: Két qua kiém dinh cam bién do d9 4m dat IWE-SM-NXL-v1 véi xo dira

Gia tri am S n Do am May| .,
2z z Tin hi¢u . Sai so tuyét .,
TT Diém am the tich . R do binh £ Ghi chu
binh quin R doi (%)
(%) quén (%)
1 Kho 0 3,415.00 2.280 2.28 Dat kho
2 Thém 10% 10 3,359.00 9.850 0.15
3 Thém 10% 20 3,300.00 17.840 2.16
4 Thém 10% 30 3,223.00 28.260 1.74
5 Thém 10% 40 3,157.00 37.190 2.81
6 Thém 10% 50 3,099.00 45.030 4.97
Binh quan 2.35
Bing 6: Két qua kiém dinh cim bién do d9 4m dat IWE-SM-NXL-v1 véi dit tribat
: oz . P 4m thé .| Sai sb tuyét
TT biém am Tin hiéu BQ| ° Tinh lai .. Ghi chu
tich (%) doi (%)
0 Kho 3410 0 1.02 1.02 Dét kho
1 Thém 10% 3,302.00 10 9.56 0.44
2 Thém 10% 3,010.00 20 18.77 1.23
3 Thém 10% 2,942.00 30 26.71 3.29
4 Thém 10% 2,895.00 40 35.15 4.85
5 Thém 10% 2,846.00 50 47.10 2.90
Binh quan 2.29
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a [ X dira, R? = 0.9978, sstdbq 2,35% |
40 | ©dt phi sa, R = 0.9747, sstdbq 1,62%|
35 o P

% 30 o3 -~

5 et

'5 25 ,.-'_','-.'

£ e

w5 o0 Kot

< o [Dst tribat, R* = 0.9963, sstdbq 2,29% |
1 e
10 Hoa O Diém kiém dinh phi sa

& ,Q-“"“ Biém kdm dnh xo dia

0 10 20

D9 3m may do (%)

Diém kiém dinh tribat

30 40 50 50

(d)
Hinh 11: Thiec hién hiéu chudn kiém dinh véi dat phi sa(a), xo du’a o), ddt tribat (c),
ky thudt vién thiee hién do dat (d), cdn mau (e), sdy mau (f)

4. KET QUA VA THAO LUAN

Két qua hiéu chinh di x4y dyng duoc 3 phuong
trinh twong quan gitta tin hiéu va d6 4m. Hé sb
turong quan tinh toan twong tng cho dat phu sa,
xo dira va dat dinh dudng tri bat 1an luot 1a
0,9665, 0,9903 va 0,9773; tuong trng vdi sai sb
tuyét ddi tinh lai tir cac phuong trinh nay déu
nho hon 5% do am thé tich. Ly giai cho su khac
biét Ve dang duong hoi quy giita cac loai dat nay
chu yéu 1a do anh huéng cua ion ton tai trong

236

: Méi quan hé dg am, tin hiéu goc va phwong trinh hoi quy tinh todn do am

dat. Véi xo dira, dang duong hdi quy 14 bac 1,
dat duoc d0 chinh x4c cao nhit, 13 do moi
truong xo dwa gin nhu khong co chat dinh
dudng, khong co ion ciing nhu cac thanh phan
khac. Thir hai 13 dat phu sa duoc mo ta toi vu &
dang dudng bac hai va dit tri bat & dang dudng
bac ba, la do trong dét ¢6 nhiéu thanh phﬁn hitu
co, khoangvv...Két qua nghién ctu tha
nghiém & cac tan s trung binh khac nhu 80
Mhz, 96 Mhz cho thiy anh huong ctia ion 1a rat
16n, do d6, khong thé c6 duoc mot cam bién cho
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tat ca cac loai dat. Co thé tang tan sb 1én vai
tram Mhz tuy nhién, chi phi cho mach 14 rt cao
va dé hoat dong khong 6n dinh khi nhiét d6 moi
truong bién dbi.

Két qua kiém dinh lai voi cac phuong trinh hoi
quy d3 xay dung cho thdy cam bién do v6i dat
phil sa, xo dira va dt tribat cho twong quan R?
lan luot 1a 0,9747, 0,9974 va 0,9963; sai s6
tuyét ddi tinh binh quan lan luot 13 1,62%,
2,35% va 2,39%. Cac két qua da cho thiy cam
bién dat duoc d6 chinh xac binh quan nhé hon
<3% va tuong quan 16n hon 97%. Véi cac két
qua ndy, cam bién do d6 am dat IWE-SM-NXL-
v1 ¢6 thé dam bao vé mat chinh xac khi ap dung
trong hoat dong tudi cho rau, mau phyc vu san
Xut trong nha mang, nha lu6i voi cac loai dat
¢ trén. Céc thr nghiém vé do bén can tlep tuc
dugc thir nghiém trong thoi gian dai han tir 1
dén 3 nam trong tuwong lai.

5. KET LUAN

Nong nghiép chinh xac s& 1a xu thé cta hién tai
va tuong lai khi nhu cau téi vu nude, phan bon,
cong cham soc,vv... ngdy cang cao trong nong
nghiép hién dai. Cam bién do d6 am dat 1a thiét
bi rat quan trong trong nghién ciru ciing nhu

TAI LIEU THAM KHAO

|  KHOA HOC

|__CONG NGHE __

trong san xudt nong nghiép cong nghé cao.
Phuong phap do sir dung cong ngh¢ FDR duoc
danh gid c6 d6 chinh xéac cao, mach dé ché tao,
chi phi phu hop dé phat trién, san xuét va
thuong mai héa quy mo 1én. Cam bién do do
am dat IWE-SM-NXL-v1 do Vién Nuéc, Tuéi
tiéu va Mbi trudng nghién ctru sir dung tan sd
56 Mhz da duoc phat trién tir mach nguyén ly
hoan thién dén phan mém va kiéu dang cong
nghiép. Cam bién di dugc hiéu chinh va kiém
dinh voi 3 loai dit thuong sir dung trong san
xudt nha kinh 1a dat phu sa, xo dira va dat dinh
dudng tribat. Két qua do da cho thdy mot su
tuong quan chdt ché & muc trén 0,97 va do
chinh xéc sai sb tuyét dbi binh quan nho hon
3%, néu dugc hiéu chuin véi loai dat st dung.
Nhu vay, cam bién da dat duoc do chinh xac
can thiét trong nghién ctru, san Xuat va tuong
duong voi mot sd cam bién ngoai nhap trén thi
truong nhu Teros hang Meter Group, My. Tuy
nhién, nhuoc diém cta cam bién 1a van phai
hiéu chinh v&i loai dit st dung, do do, trong
thoi gian toi can tiép tuc nghién ctru nham phat
trién mot cam bién toan dién co thé sir dung
duoc cho moi loai dat.

[1] https://baodautu.vn/dien-tich-nha-kinh-nha-luoi-o-lam-dong-tang-nong-d 174477 .html
[2] https://www.worldbank.org/en/news/infographic/2023/07/26/water-in-agriculture

[3] https://www.renkeer.com/product/soil-tensiometer/
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