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WHY PHENOTYPING

Phenotyping with a focus on the prediction of %N, N uptake in kg ha -1 a nd dry 
ma tter production in tons ha -1.

W e ha ve used phenotyping for yea rs, but the use a nd implementa tion of sensors 
a nd AI ha ve ma de a griculture interesting for some students, engineers, etc.

AI

ML
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DATA
eBee UAV mounted sequoia  ca mera  with four 
monochrome sensors: green (550 nm ± 20 nm), 
red (660 nm ± 20 nm), red-edge (735 nm ± 5 nm) 
a nd nea r-infra red (790 nm ± 20 nm). 
• Eighteen different crop indices were ca lcula ted  

Wea ther da ta  wa s growing degree da ys, 
precipita tion, a nd globa l ra dia tion. 

• A tota l of 4 (na rrow ba nds) + 18 (crop index) + 9 
(wea ther da ta ) = 31 va ria bles  

Va ria ble N Avera ge Minimum Ma ximum
%N, % in DM 1024 2.72 0.21 5.40
DM, tons ha -1 1024 5.23 0.66 15.8
Kg N, kg ha -1 1024 133 10 373
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UNDERSTANDING CROP INDEX
nm Minimum Maximum Average

G reen 550 2.92 11.0 5.78

Red 660 1.30 5.58 2.61

Rededge 735 16.4 44 28

NIR 790 32 83 54
550 mea surements

NDVI=(NIR-Red)/ (NIR+Red)
NDRE=(NIR-Rededge)/ (NIR+Rededge)
Rededge chlorophyll index C Irededge=(NIR/ rededge)-1
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DIFFERENCES BETWEEN CAMERAS
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RESULTS

Va ria ble Model Tra ining set Va lida tion set Test set

#PC R2 RMSEC R2 RMSEC V R2 RMSEP

%N SVM 747 0.85 0.28 0.78 0.35 0.75 0.36

Kg N SVM 654 0.70 26 0.57 31 0.52 33

DM SVM 597 0.82 0.99 0.73 1.2 0.75 1.12
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ADVANCED RESULTS
The best results were obta ined 
with a  combina tion of wea ther 
a nd sensor da ta .

70 km
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PHENOTYPING GRASS-CLOVER ALGORITHM

RG B ima ge Ima ge a fter gra ss-clover Deep Lea rning a lgorithm 
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CONCLUSION AND TAKE HOME MESSAGES

Is a n error in dry ma tter production of ~1.12 tons ha -1 sa tisfying?  this ca n only be 
a nswered by the fa rmer. 
We suggest tha t loca l models for specific fields, species, a nd/ or a rea s a re 
developed to reduce the error tha t undisputedly will be pa rt of a  globa l model. 
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CLOVER-GRASS FRACTION
Sensor:

• Mica Sense RedEdge MX
Analysis:

• Sema ntic segmenta tion using 
FC N-8 tra ined on UAV ima ges1

• Pseudo RG B ima ge crea ted 
using only red cha nnel (668 nm)

• 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑐𝑐𝑓𝑓𝑐𝑐𝑓𝑓𝑓𝑓𝑐𝑐𝑓𝑓 = # 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝
# 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝 + # 𝑔𝑔𝑐𝑐𝑔𝑔𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝

• 𝑔𝑔𝑐𝑐𝑓𝑓𝑔𝑔𝑔𝑔 𝑓𝑓𝑐𝑐𝑓𝑓𝑐𝑐𝑓𝑓𝑓𝑓𝑐𝑐𝑓𝑓 = # 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝
# 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝 + # 𝑔𝑔𝑐𝑐𝑔𝑔𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝

1La rsen et a l. (2018). Autonomous mapping of grass-clover ratio based on 
unmanned aerial vehicles and convolutional neural networks . In 
preceedings of International Conference on Precision Agriculture.
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VEGETATION INDICES
Sensor:

• Mica Sense RedEdge MX
Analysis:

• Norma lized difference vegeta tion index:

• 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁−𝑐𝑐𝑐𝑐𝑟𝑟
𝑁𝑁𝑁𝑁𝑁𝑁+𝑐𝑐𝑐𝑐𝑟𝑟

• Norma lized difference red edge index:

• 𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁−𝑐𝑐𝑐𝑐𝑟𝑟 𝑐𝑐𝑟𝑟𝑔𝑔𝑐𝑐
𝑁𝑁𝑁𝑁𝑁𝑁+𝑐𝑐𝑐𝑐𝑟𝑟 𝑐𝑐𝑟𝑟𝑔𝑔𝑐𝑐

• G reen C hlorophyll Index:

• 𝐶𝐶𝑁𝑁𝑔𝑔𝑐𝑐𝑐𝑐𝑐𝑐𝑔𝑔 = 𝑁𝑁𝑁𝑁𝑁𝑁
𝑔𝑔𝑐𝑐𝑐𝑐𝑐𝑐𝑔𝑔

− 1

• Red-Edge C hlorophyll Index:

• 𝐶𝐶𝑁𝑁𝑐𝑐𝑐𝑐𝑟𝑟 𝑐𝑐𝑟𝑟𝑔𝑔𝑐𝑐 = 𝑁𝑁𝑁𝑁𝑁𝑁
𝑐𝑐𝑐𝑐𝑟𝑟 𝑐𝑐𝑟𝑟𝑔𝑔𝑐𝑐

− 1
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