
Unmanned Aerial Vehicle (UAV)-Based 

Remote Sensing for Crop Phenotyping

Sanaz Shafian1, Nithya Rajan1, Yeyin Shi2, 

John Valasek3 & Jeff Olsenholler4

1Dept. of Soil and Crop Sciences; 2 Dept. of Biological and Agricultural 

Engineering; 3Dept. of Aerospace Engineering; 4Dept. of Geography; 

Texas A&M University, College Station, TX  

2016 Annual Meeting | Nov. 6-9 | Phoenix, AZ



Agriculture Challenges

ÇWorld population projected to reach 9.3 Billion in 2050

ÇFood production must increase by 70% by 2050, 

in spite of:
ü Limited availability of arable lands

ü Climate change impact

ÇNeeds to increase and optimize agricultural production 

ÇFuture of agriculture = plant breeding and phenotyping
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Phenotyping Challenges

ÇComprehensive assessment of complex plant traits 
ü Growth

ü Development

ü Yield

ÇTraditional phenotyping
ü Labor intensive 

ü Time consuming

ü Late discovery 

ÇHigh-throughput phenotyping
ü Automated data collection

ü Non-destructive

ü Low cost
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What is UAV? 

Air Vehicle 

Ground Control Station

Antennas
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Texas A&M UAVs

ÇFixed-wing aircrafts

ü Anaconda 

ü PrecisionHawk Lancaster 

ÇRotary-wing aircraft

ü TurboAce X88
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UAV used in the Study

ÇFixed-wing aircrafts

ü Anaconda (John Valasek)

Anaconda fixed-wing

Wingspan (m) 2.0

Maximum payload (kg) 4.0

Battery (mAh Ĭnumber) 5,000 Ĭ2

Endurance w/ payload (min) 20 (45 max)

Airspeed (m/s) 15

Flying altitude in study (m) 120 (400 ft)*

* Our COA permits 600 ft
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Sentek GEMS multispectral camera

Spectral sensitivity (nm) Blue: 399 ï501 

Green: 502 ï604 

Red: 558 ï672 

NIR: 742 ï878 

Frame rate (s/frame) 1.4

Shutter type Global shutter

Dynamic range 8-bit

Exposure time (ms) Fixed but varied from 

flight to flight

Imaging sensor pixel 

resolution (megapixel) 
1.2 (1280 Ĭ960)

Weight (g) 170

Ground sampling 

distance (cm)
6.5 

Typical flying altitude 

(m)

120 

Sensor
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Payload

Ç Sentek GEMS multispectral

camera system integrated: 

üGlobal positioning system (GPS) 

ü Inertial measurement unit (IMU)

üSensors onboard image storage

capability
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Study Site
Winter Wheat 

Bio-energy crops

~ 4.6 acres

2340 Plots

1230 Varieties

~ 0.1 acres

36 Plots

12 Varieties
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UAV Image Pre-processing

Ç Images were collected with 

75% forward overlap and 

60% side overlap:
ü 422 total images each for 

RGB and NIR (<300 was 

useful)

ü1.9 GB of input imagery

Ç Pix4Dmapper software
ü Image ortho-mosaicking

ü 414 MB of output imagery 
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Raw Images

ü February 26

ü March 26 

ü April 9

ü April 26

ü June 10

ü June 18 

ü June 28 

ü July 23
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