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Design and Experiment of Constant Current Source of
Four-terminal Conductivity Sensor

TAO Yi MENG Fanjia SHENG Wenyi
(Key Laboratory on Modern Precision Agriculture System Integration Research, Ministry of Education
China Agricultural University, Beijing 100083, China)

Abstract; Soil information plays an important role in guiding agricultural production. Soil electrical
conductivity reflects soil information such as soil moisture, salinity, clay content and type, it is
significant to obtain soil electrical conductivity accurately for realizing agricultural fine production. Among
all kinds of soil conductivity measurement methods, the four-terminal method is widely used in practical
measurement because of its low cost, high precision, fast measurement speed and simple operation, its
performance directly determines the accuracy and measuring range of the measuring instrument. The
effect of three constant current sources on the measuring performance of the measuring instrument was
compared. It was found that the four-terminal method using Howland constant current source had the best
measuring accuracy and the high measuring ability, but the low measuring range was small. The
measuring range of low conductivity by using improved Howland constant current source was enlarged and
the measuring precision was good. The measuring range of low conductivity by using constant current
source based on differential amplifier was the largest, the measuring range of high conductivity was better
and the measuring accuracy was good.

Key words: soil electrical conductivity; constant current source; four-terminal method; sensor
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Fig. 1 Schematic of current-voltage four-terminal method
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Tab.1 Simulation data of load capacity of three kinds of constant current sources
28 AEIEN
R,/7Q 120 240 360 480 720 840 960 1 080 1200
Uy/mV 229. 09 458.20 687. 29 916. 37 1 145. 00 1375.00 1 604. 00 1 833. 00 2 062. 00 2291.00
U,/mV 227. 87 455.74 683. 62 911.49 1139.00 1367.00 1 595.00 1 823. 00 2 051.00 2279.00
U,/mV 229.10 458.20 687. 28 916. 37 1 145. 00 1375.00 1 604. 00 1 833. 00 2 062. 00 2291.00
I/mA 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90
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Tab.2 Validation of test measurements

S8 Bl
V,/V 5.90 3.06 1.83 1.45 1.19 0.86 0.72
V,/V 1.43 0.72 0.42 0.33 0.28 0.21 0.17
V,/V 3.24 .45 0.72 0.43 0.33 0.28 0.20 0.17
SR/ (mSeem ™) 0.36 0.94 .84 3.28 4.32 5.28 7.69 9.26

B9 IR e 45 1

Fig.9 Verification test results
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