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Abstract: Irrigation management is crucial factor in agriculture as it affects to yield and quality of crop.
Particularly, water level control in paddy fields requires huge labor cost so improving the management pro-
cess contributes to improve farming productivity. Therefore, several water level sensors specially designed
for paddy fields are commercialized. On the other hand, there are various needs on such low-cost water level
sensor and required spec depends on its purpose. Thus, a water level sensor which can adapt to various
purposes but has shared measurement and control circuits is desired. We developed a water level sensor that
uses the constant current module included by a cheap MCU for both capacitance measurement and time
domein reflectometry (TDR). In TDR method, parallel wire transmission line is used as a probe and adaptive
threshold contributes to change measurement range easily. Combining these 2 measurement methods, we
achieved less than 5cm and 10 cm accuracy in 0 to 1m and in 1 to 10 m respectively. The capacitive one
tested in paddy fields and we retrieved valuable information to optimized water management.
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Fig. 1 Capacitive water level sensor with self-calibration.
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Fig. 3 Deployment map of water level sensor (Omitama,

Ibaraki, Japan).
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Fig. 4 The result of water level measurements in the paddy

field, daily mean temperatutre and daily total precipi-

tation.
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Fig. 6 Water level measurement by TDR. (Right) Voltage

changes by reflections when a step-down signal is ap-

plied in t = 0.
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Fig. 7 Reflected waveforms in each water level measured by

time domain measurement feature of a VNA.
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turned ON when the signal cut down V.1 then CTMU
starts supplying constant current to a capacitor in
ADC. CTMU is turned OFF when the signal overcome
Vyes2 then CTMU stop supplying. After that, the time
supplying current can be calculated from charged volt-

age on the capacitor.
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Fig. 9 Reflection wave detector. It is designed to make Vj..r1
0.825V and Vj.cp2 2.425V.
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PIC MCU and
reflection time
measurement circuit

Signal -+ Rfeflected
Input Signal

Water tank

® 10 72 VAKEOMIEIZEES ¥ ¥ =5 2 3009 OFAT

DA, ATy TESEAIIL, & ORIFE O KRR
RS &)

Fig. 10 Parallel wire transmission line, whose characteristic

impedance is 300 (2, is attached in the water tank. A

step signal is applied and reflection time is measured.
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Fig. 11 Relationship between reflection time and water level

(blue line) with linear approximation curve (blue dot-
ted line).
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Fig. 12 Relationship between threshold voltage V.2 and

ADC value which represents detected time.
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Fig. 13 Round trip layout of parallel wire transmission line

and direction of reflection wave.
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Fig. 14 Measurement result of a sensor designed to measure
for 0 to 10m.
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Fig. 15 Measurement result of a sensor designed to measure

for 0 to 1 m.
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Fig. 16 Measurement result of a sensor designed to measure

for 0 to 30 cm.
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Table 1 Accuracy and usable range of water level measure-

ment.

ROZEHIEEE | b AR | CPHERE | ROKERE
0~10m 1.0~10m 9.1cm 24 cm
0~1.0m 0~0.95m 2.1cm 4.5cm
0~30cm 5~15cm 0.71cm 0.89 cm

TIEFL R EDIT 2, KAFHE LTl 2 2 A #hHE L
1.0~10m & % 1), ZOHANTOFHNZREAEIT 9. 1em
Eh ol FHIEEFAN T, K25 10m D& EITRkEL
MRV, BOEM#E B L 723546, 49 24 om DFREMDS
AT72. —FH 0~1m TIEFHIFFNIZ 0~95cm &% 1), F
W88 21em £ o7z, £72, 0~30cm DI
PHCI, ARIEPAAT5~15cm & %), KM OBRIZHESR
mAHRNE WL THRE S s 72kRE B o7z, $XTOH
EL Y IITBWT, KA 0 FHE DKM OBER, (mkl
DEE LIFIFFE UKD D HEICEENKE L o
7o ER RGPS RO 20, KRELRHEE
ThbhwnwekEzEzb.

4. HbHYIC

KHFECTIIZAE B ARMET OB ICHIETE S L9, #HiE
Za e TDR FRoOM A @O H~ A 3 v 2 Hw
7o CTEILT KM ORFE 21T o 72, HEAEEAKNM
FCEIH~Y A 2 THAH PIC O CTMU % H W72 E B
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