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Abstract.  Variable rate irrigation (VRI) systems use intelligent electronic devices to control individual 
sprinklers or groups of sprinklers to deliver the desired amount irrigation water at each specific location 
within a field according to VRI prescriptions. Currently VRI systems, including software tools for generate 
prescription maps, are commercially available for VRI practices. However, algorithms and models are 
required to determine the desired amount of water that needs to be applied based on the temporal and 
spatial variability of soil and plant characteristics. While irrigation scheduling can be based on soil water 
balance calculations, direct monitor of plant growing status is another method that has potential application 
for irrigation scheduling. Plant canopy temperature is related with plant water stress. Plant height is useful 
as an indicator of plant health conditions and can be used to estimate yield potential. Therefore, 
measurements of plant canopy temperature and plant height coupled with spatial information in field can 
be used for determining VRI water depths. A wireless data acquisition (WDAQ) system was developed to 
collect plant canopy temperature and plant height data in the field. The system included two WDAQ units 
installed on a 4-span center pivot VRI system. One unit was mounted at the middle of the third span, and 
the other at the fourth span from the pivot. Each unit consisted of a GPS receiver, programmable data 
logger, infrared temperature sensor, ultrasonic distance sensor, solar power supply, and wireless data 
transmitter/receiver. Inferred temperature sensors were used to detect the canopy temperature while the 
ultrasonic distance sensor to measure plant height. The WDAQ system was capable of continuously and 
simultaneously making measurements of plant canopy temperature and plant height, and recording spatial 
coordinates at each measurement location as the center pivot moved around the field. Data collected were 
wirelessly transferred to a wireless receiver for data process. This WDAQ system has been tested in field. 
The results indicated the system had great potential to be used for automatic creation of VRI prescription 
maps and plant-based irrigation scheduling. 
Keywords. Variable rate irrigation, sensors, canopy temperature, plant height  
  

The authors are solely responsible for the content of this paper, which is not a refereed publication. Citation of this work should state that it 
is from the Proceedings of the 14th International Conference on Precision Agriculture. EXAMPLE: Lastname, A. B. & Coauthor, C. D. (2018). 
Title of paper. In Proceedings of the 14th International Conference on Precision Agriculture (unpaginated, online). Monticello, IL: International 
Society of Precision Agriculture.  



Proceedings of the 14th International Conference on Precision Agriculture 
June 24 – June 27, 2018, Montreal, Quebec, Canada Page 2 

Instruction 
VRI technologies allow the producers to site-specifically apply irrigation water at variable rates 
within the field to account for the temporal and spatial variability in soil and plant characteristics. 
Adoption of VRI has the potential to improve water use efficiency. Currently VRI systems, 
including software tools for generate prescription maps, are commercially available for VRI 
practices. However, lack of algorithms and models to determine the desired amount of water to 
be applied based on the temporal and spatial variability of soil and plant characteristics 
constrained the adaption of VRI. 
Use of plant canopy temperature as an indicator of crop water stress is one of the plant-based 
methods for irrigation control. Thermal sensing technologies have been used as tools for water 
stress detection and irrigation scheduling (Jackson, 1986; Cohen et al., 2005; Evett et al., 1996; 
O’Shaughnessy and Evett, 2009). Plant height or plant growth rate could be used as an indicator 
of plant health status and yield potential (Sui and Thomasson, 2006; Yin et al., 2011; Yin et al., 
2012; Sui, 2014). With an understanding of the relationship between plant height and production-
related inputs, a plant height could be useful information for predicting water needed by the plant. 
The objective of this research was to develop a center-pivot-mounted wireless data acquisition 
system. As the pivot moves around the field, the system will wirelessly and automatically measure 
plant height and plant canopy temperature along with spatial coordinates in real time in situ for 
variable rate irrigation.  

Material and Method 
A wireless data acquisition (WDAQ) system was built to perform real-time in-situ measurements 
of plant height and plant canopy temperature for VRI. The WDAQ system was installed on a 
center pivot irrigation system at the Research Farm of USDA-ARS Crop Production Systems 
Research Unit at Stoneville, MS (latitude: 33°26'30.86", longitude: -90°53'26.60"). The system 
was made of two separate units. Each unit consisted of an ultrasonic distance sensor, an infrared 
temperature sensor, a data logger, a global position system (GPS) receiver, a spread-spectrum 
radio, and a solar power supply (Fig. 1). The ultrasonic distance sensor (TSPC-30S1-232, Senix, 
Hinesburg, VT) was used to measure the plant height. The infrared temperature sensor (SI-111, 
Apogee Instruments, Logan, UT) was used to detect the plant canopy temperature. The GPS 
receiver was employed to determine the location where the plant height and canopy temperature 
were measured. The WDAQ system was able to take simultaneous measurements of the plant 
height, canopy temperature, and spatial coordinates of the measurement location as the center 
pivot moved around the field. Data of the plant height and canopy temperature collected at each 
measurement point were wirelessly transmitted through the spread-spectrum radios. The data 
could be downloaded to a computer from the radio device.  
Lateral length of the center pivot irrigation system is 233 m. One unit (Track 1) was installed at 
the middle of the third span of the pivot system, which is 140 m from the pivot, and the other unit 
(Track 2) was at the middle of the fourth span, 199 m from the pivot. The distance between the 
sensor and the canopy could be adjusted by moving the bracket up and down along the steel 
square tubing. In field operation, the ultrasonic distance sensor was kept at least 0.2 m above the 
plant canopy while the infrared temperature sensor was about 0.3 m above the canopy. 
A CR1000 data logger (Campbell Scientific, Logan, Utah) was selected to collect data from the 
ultrasonic distance sensor, infrared temperature sensor, and the GPS receiver. All data collected 
were recorded in the data logger and were transmitted to the RF401 spread-spectrum radio 
through a communication port of the data logger, and the RF401 radios transmitted the data 
wirelessly to a RF430 spread-spectrum radio. Then, the data were downloaded to a computer 
through the USB port in the RF430 radio. 
WDAQ system was tested statically and dynamically. In the static tests, WDAQ system measured 
the heights of objects including paper boxes, soybean plants, and cotton plants as the pivot was 
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at non-moving status. The measurement of the ultrasonic distance sensor was compared with the 
tape-measured distance to determine the system measurement accuracy. The dynamic tests 
were conducted in field with corn, soybean and cotton crops in 2015 and 2016 seasons.  

 
Fig. 1. One unit of the WDAQ system mounted on a center pivot irrigation system. 

Results and Discussion 
The sensor-measured height was compared with the manually tape-measured height. Static test 
results showed that WDAQ-measured height of paper boxes was very close to the manually tape-
measured height. The measurement error varied from 0.2 cm to 3 cm in a measurement range 
from 14 cm to 209 cm. In the test with soybean plant, the average absolute measurement error 
was 5.8 cm within measurement range from 99.1 cm to 121.9 cm. It is notable that all of the 
soybean plant heights, except in one location, were underestimated by WDAQ system. In the test 
with cotton plants, the average absolute error of plant height measurement was 3.1 cm in a 
measurement range from 66.0 cm to 104.1 cm. The WDAQ measurements with soybean and 
cotton plants were strongly correlated with the tape-measurements (r2=0.97). 
The underestimate in soybean height by WDAQ system could be attributed to the misalignment 
between the ultrasonic sensor and the highest point of measured plant. Ultrasonic sensor 
measured the distance from the sensor detector to the closest plant leaf on the canopy. If the 
closest leaf under the sensor’s field of view was not the highest point of the plant, the plant height 
would be underestimated by the WDAQ system. When the test was conducted, soybean plants 
was in the stage R5. The plant leaves started shedding and plant canopy was not closed well. 
This could cause the sensor-measured distance between the sensor and the canopy greater than 
the actual distance, and result in that the sensor-measured plant height was less than the tape-
measured plant height. However, at that time cotton canopy was well closed. In comparison to 
the plant height measurement in soybean, cotton plant height measured by WDAQ system was 
closer to the tape-measured, and the measurement errors were distributed in a random pattern. 
Additionally, plant movement caused by wind could be another source of error with the WDAQ 
system measurements. Cotton plants were moved by wind less than the soybean plants. 
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Fig. 2. Left: plant height map; Right: plant canopy temperature map. Using the WDAQ, corn field 

was scanned on June 11, 2015, and soybean and cotton fields on June 26, 2015. 
The WDAQ system recorded about 3,200 measurement points from each sensor in one pivot 
circle (360 degree). Fig. 2 was the plant height and canopy temperature maps which were 
generated using the data collected by the WDAQ system in 2015. From the plant height maps it 
was obvious the system was able to determine the variation of plant height among crops and 
within a crop. In the time when the crops were scanned, corn plant was the tallest, cotton was the 
shortest, and the soybeans were in-between. Difference in canopy temperature was clear 
indicated in the canopy temperature maps. For example, canopy temperature of irrigated cotton 
plants was lower than that of the non-irrigated. Variability of canopy temperature within the rainfed 
cotton, irrigated cotton, and soybean fields was clearly shown up in the map as well. Variability in 
plant height and canopy temperature with each crop was caused by multiple parameters such as 
irrigation rate, fertilization rate, soil properties, etc. Analyses and use of the plant height and 
canopy temperature for variable rate irrigation and precision crop management would be reported 
in separate articles.  
Previous studies showed the crop canopy temperature could be used to indicate plant water 
stress status. And the plant height was correlated with crop yield potential. Therefore, the canopy 
temperature and plant height data collected using the WDAQ system cpold be used as inputs to 
develop VRI algorithms or directly used as input parameters in an algorithm to general VRI 
prescription maps. The data loggers used in the system have more inputs available. By adding 
other types of sensors to the inputs, this WDAQ system could be easily expanded to measure 
more parameters in field.  

Smmary  
A WDAQ system was developed to measure the plant height and crop canopy temperature. The 
system was mounted on a center pivot irrigation device. The system was captable of scanning 
plant canopy to take simultaneous measurements of the plant height, canopy temperature, and 
spatial coordinates of the measurement locations as the center pivot moved around the field. The 
data collected using this system could be used to investigate plant responses to water stress and 
develop algorithms for variable rate irrigation and irrigation automation. More field tests will be 
conducted to systematically evaluate the performance of this WDAQ system. This system could 
be upgraded through adding more sensors to measure more plant characteristics.  
Disclaimer 
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Mention of a trade name, proprietary product, or specific equipment does not constitute a 
guarantee or warranty by the U. S. Department of Agriculture and does not imply approval of the 
product to the exclusion of others that may be available. 

References  
Cohen, Y., Alchanatis, V., Meron, M., Saranga, Y., & Tsipris, J. (2005). Estimation of leaf water 

potential by thermal imagery and spatial analysis. Journal of Experimental Botany, 56 (417):1843–
1852. 

Evett, S. R., Howell, T. A., Schneider, A. D., Upchurch, D. R., & Wanjura, D. F. (1996). Canopy 
temperature based automatic irrigation control. In: Camp, C. R. et al. (Ed.), Proc. Int. Conf. 
Evapotranspiration and Irrigation Scheduling. San Antonio, TX, 3–6 November. ASAE, St. Joseph, 
MI, pp. 207–213. 

Jackson, R. D. (1986). Remote Sensing of Biotic and Abiotic Plant Stress. Ann. Rev. Phytopathol, 
24:265-287 

O’Shaughnessy, S. Y., & Evett, S. R. (2009). Canopy temperature based system effectively schedules 
and controls center pivot irrigation of cotton. Agricultural Water Management, 97:1310–1316. 

Sui, R. (2014). Three-year study on plant height mapping. In proc. Beltwide Cotton Conf., Cordova 
Tenn.: Nat. Cotton Council. Am. 

Sui, R., & Thomasson, J. A. (2006). Ground-based sensing system for cotton nitrogen status 
determination. Trans. ASABE, 49:1983–1991. 

Yin, X., McClure, M. A., Jaja, N., Tyler, D. D. & Hayes, R. M. (2011). In-season prediction of corn yield 
using plant height under major production systems. Agronomy Journal 103:923-929.  
http://dx.doi.org/10.2134/agronj2010.0450. 

Yin, X., Hayes, R. M., McClure, M. A., & Savoy, H. J. (2012). Assessment of plant biomass and 
nitrogen nutrition with plant height in early- to mid-season corn. Journal of the Science of Food and 
Agriculture.  http://dx.doi.org/10.1002/jsfa.5700. 

 


