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Soil sensor Emitter Orchard

Infiltration:
g(t)

Percolation: F(t)

ET: ET(t)

Example use case:

Soil moisture sensing
on a commercial farm
to determine needed
irrigation in an orchard

Determining percolation
rate and water usage using
soil moisture sensing
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Fork Sensing
Single-level

Capacitive Sensing
Circa 2000

Drill and Drop
Multi-level

Capacitive Sensing
Circa 2010

Drill and Drop
Multi-level

Magnetic Sensing
Circa 2020
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6”

24”

Magnetic Sensing

Wra p - a ro u n d  
An te n n a

Tu b e

Se n s in g  Mo d u le

75 x m o re  vo lu m e  
p e r s e n s o r

2”

Capacitive

Mo s t o f th e  wa te r m e a s u re d  is  s e n s e d  
with in  1” o f tu b e . He a vily in flu e n c e d  b y 
wa te r ru n n in g  d o wn  tu b e  o u ts id e  wa ll.
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Loam Soil Moisture (VWC) µr@120 MHz

2.5% 0.94

8.2% 0.95

25.6% 0.97

Values of Relative Permeability (µr) taken from soil 
measurements made under supervision of Sandia 
National Laboratories, see:
https://inis.iaea.org/collection/NCLCollectionStore/_Public
/27/040/27040410.pdf
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In d u c ta n c e
s h ifts  with

m o is tu re  b y
d e te c tin g
c h a n g e  in
m a g n e tic

p e rm e a b ility

• The sensor’s antenna acts as a “variable core inductor” when 
coupled to soil

• The magnetic permeability of the ”variable core inductor” 
changes as the soil varies from dry to wet.  This shifts the 
inductance in an oscillator tank circuit, which we measure.

• Inductance of the variable core inductor is proportional to the 
magnetic permeability

• Example inductances as moisture changes:
• Dry Conditions has an inductance of 1304 nH
• 50% Wet Conditions has an inductance of 1324 nH
• 100% Wet Conditions has an inductance of 1344 nH

• Not a perfect model as there are small losses in the enclosure 
and packaging
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In  s im u la tio n s , th e  VF2 s in e  wa ve  is  “fla tte r” th a n  th e  
VF1 s in e  wa ve .  Th is  is  a c h ie ve d  b y th e  tra n s is to r 
b ia s . Th is  fla tte n in g  o f th e  s p e c tru m  fo r VF2 in d u c e s  
b o th  a  1s t a n d  2n d h a rm o n ic , a s  s h o wn  b y a  
Sp e c tru m  An a lyze r m e a s u re m e n t in  Air.  Ne e d  
n o m in a lly 120  MHz fo r s a m p lin g  s o il m o is tu re  (2n d  
h a rm o n ic ) , wh ic h  is  s e e n  with  th is  tra c e :

Sim u la tio n  o f Fu ll Dry

An te n n a  In d u c ta n c e  is  130 4  n H
Prim a ry Fre q u e n c y: 5 9 .0 1 MHz

2n d Ha rm o n ic : 118 .0 2 MHz
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Antenna:
• Wraps on outside of a clamshell
• Secured in place with clips
• Soldered to a header on the PCB assembly

that has the oscillator circuit on it

PCBA with antenna is enclosed in a waterproof 
outer pipe during final assembly

Antenna attached to PCBA
Top view of a Single Sided Flex Circuit

80 mil traces
Center tap antenna

2.6 inches by 5.5 inches
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Magnetic Sensing Capacitive Sensing
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Be n e fits  o f la rg e r s e n s in g  vo lu m e :

● Hyd ro s ta tic  - - m o is tu re . Hyd ro d yn a m ic s  -
s p e e d  o f wa te r

● We  m e a s u re  m o is tu re  flo w o ve r tim e
● Co n tin u o u s  s e n s in g  vo lu m e  n o t s lic e s  a t 

s e n s e d  d e p th s e n a b le s  s o il wa te r flo w 
th ro u g h  ro o t zo n e  m o n ito rin g  b y s e n s in g  
d ire c tio n a l flo w, b o th  u p  a n d  d o wn   

● La rg e r s a m p lin g  vo lu m e  re d u c e s  
a n o m a lo u s  re a d in g s  fro m  ro c ks  a n d  
c ra c ks

Magnetic
Sensing

Capacitive
Sensing
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• Soil moisture sensing is critical for improving cost effectiveness of 
irrigation for commercial farming

• A new generation of soil sensing is possible by measuring the shift 
in the magnetic properties of soil when it changes its moisture 
content

• The implementation of a sensor is cost effective and low power, 
which enables commercialization of this technology

• Growing food effectively is possible with better utilization of 
resources, enabled by sensing farm conditions, including it’s soil 
moisture content during irrigation
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