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Crop Circle Specifications

Low power requirement (~100 ma) 
Light weight (~3/4 lb)  
Sample rate  (10 per second) 
Polychromatic light source 

Amber  (595 nm) 
Near infrared  (880 nm) 

Important Information

Foot -print
~4ó x 20ó @ 36ó 
uniform  effective intensity
size increases with distance

Operational distance 
stable from ~16ó to >96ó 

Output
individual bands
programmable indices

ACS - 210
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Modulation/Demodulation Using 
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Small plot research attempts to 
develop the science

Field experiences are where we 
must learn to deal with reality



What Does the ACS-210 Sensor See ?

Foot -print reflectance 
is measured 40,000 
times per second

At 6 mph (~9 ft / sec)

and

10 outputs / sec

Foot-print advances ~11ò per output  (1/10 sec)

and 

contains the average of 4,000 individual readings 



Plants absorb RED and BLUE light during photosynthesis.

They use ORANGE, YELLOW, and GREEN light less effectively.

This is why plants containing chlorophyll appear 

GREEN >  YELLOW >  ORANGE

Implications

Once there is enough vegetation to absorb most of the RED
radiation, sensors that measure RED light lose their sensitivity. 

The literature shows that leaf area index (LAI) > ~2.0 are more 
than enough to absorb a majority of the RED light (~V8-V10 
growth stage for corn).

vegetation



What Happens if the Sensor in NOT Centered ?

Adjust sensor height 
so that foot -print is 
equal to row spacing

Misaligned Crop Circle sensor is 

not a significant problem 

because sensing is uniform 

across the foot-print and what 

is lost from one row is gained by 

the adjacent row 

If illumination is not uniform across the foot -print  - careful driving is essential 
and wide or narrow guess rows can be problematic with large sprayers.



Day    versus Night

Dry    versus Wet

Well-watered versus    Water Stressed

Time of Day

Leaf Moisture

H2O

No preference  - can be confused with water stress

No significant difference  - related to water status

Water stress affects leaf turgor and NIR reflectance  
Extended periods of water stress reduce leaf chlorophyll 
concentration
Differentiating between water and nitrogen stresses 
requires additional wavebands



Sensor Configuration
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Chlorophyll Index Averages
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Evaluation of Row-to-Row Variability

8-row ridge -till continuous corn

center -pivot irrigation

Courtesy: Darrin Roberts, University of Nebraska



Field Calibration

Reference Strips

Ramped Calibration Strips

Potential Problems ïSpatial variability in soil properties

Other Ideas 
Imagery ï statistically identify upper 10-20% of the 

pixels and use as field reference value

Sensor Mapping ï
Ågenerate virtual reference for the field by krigging data 

from several reference strips

Åselect less vigorous portions of reference strip as the field 

reference value

Åstatistical non-reference strip approach using sensor data 

from several random strips

Potential Problems ïSpatial variability in soil properties



Calibration of Sensors

N-Rich area was developed for small plots using Minolta 

Chlorophyll Meters (SPAD ï502)

Replication

1

2

3

4

=  Sufficiency Index (Relative SPAD)

< 95% means òneeds more N ó For Example:



How to extrapolate the small -plot 
calibration concept to whole fields ?



Current year reference strips

Last years reference strips



Three adequately fertilized reference strips. Yellow lines depict soil 
type differences. Note differences in sensor vegetation index values 
even though each strip is considered to have abundant N availability.

Area used as reference 
when making variable-
rate N applications

Vegetation Index
low vigor

high vigor Corn @ ~V10



N rate application map for research strips. Dark blue 
area was used as the reference (no N application area).


