
TREE IMPROVEMENT 
PROGRAM 

   

www.dibaf.unitus.it 
aharfouche@unitus.it 

Antoine Harfouche, Ph.D. 

Associate Professor of Forest Biotechnology 

Brain Gain Program, Ministry of Research,  

DIBAF, University of Tuscia, Italy 

Smart farms in the 21st century:  
Agriculture and forestry intelligent systems  

November 21, 2016 
ESA – ESRIN | Frascati, Rome (Italy) 

European Space Research Institute 

http://www.dibaf.unitus.it/


W h a t  Challenges  d o  a g r i c u l t u r e  a n d  s i l v i c u l t u r e  

fa c e  to d ay ?   



P o p u l a t i o n  g r o w t h  

Sources: UN population division; FAO 
News Feature Food: Nature, Vol 466:29 July 2010 



A r a b l e  l a n d  s h o r t a g e  

Source: FAO/OECD 
News Feature Food: Nature, Vol 466:29 July 2010 



C l i m a t e  c h a n g e  –  Wa t e r  s c a r c i t y  &  H e a t w a v e  

Andrew R. Solow Science 2015;349:1444-1445 

The ongoing drought in California has led to low water levels in 
many lakes and reservoirs, including Lake Oroville 

News Feature Food: Nature, Vol 466:29 July 2010 



W h a t  Solutions a r e  ava i l a b l e   

to  fa c e  t h e s e  c h a l l e n g e s ?  



A c c e l e r a t i n g  t h e  d o m e s t i c a t i o n  o f  f o r e s t  t r e e s  i n  a  
c h a n g i n g  w o r l d    

Harfouche A, Meilan R, Kirst M, Morgante M, Boerjan W, Sabatti M, Scarascia Mugnozza G: Accelerating the domestication of forest 
trees in a changing world. Trends Plant Sci 2012, 17:64–72. 



W h a t  t o o l s  d o e s  UAV-based Phenomics o f f e r ?  





F i e l d - b a s e d  p h e n o m i c s  p l a t f o r m  
 T h e  P h e n o B o t i x  L a b ’s  P h e n o D r o n e T M :   

U n m a n n e d  a e r i a l  v e h i c l e  i m a g i n g  s y s t e m  a r c h i t e c t u r e  

Brushless motors 

LiPo Batteries 

Gimbal 

Octocopter 

MULTIROTOR G4 Skycrane 

Hyperspectral camera 

Micro-LiDAR  
sensor 

GPS 

IMU 



P h e n o D r o n e T M :  High resolution hyperspectral UAV imagery for 
precision assessment of plant response to environmental stress 

TECHNICAL DATA  (Nano-Hyperspec®) 

Dimension 7,6 cm x 7,6 cm x 12 cm 

Wavelenght range 400-1000 nm 

Spatial bands 640 

Spectral bands 270 

Spectral sampling interval  ~ 2,2 nm 

Spectral resolution 5 nm 

Lens 17 mm 

Frame rate (fps – full frame) 200-480 

Storage capacity 480 GB (~ 130 min. at 100 fps) 

Sensor weight 0,680 Kg 

Completely integrated miniaturized and lightweight VNIR 

hyperspectral sensor package for UAV Applications  

SPECTRAL RANGE 

On-board data-processing, 

storage and GPS/IMU 



P h e n o D r o n e T M :  m i c r o - L i D A R  -  l i g h t  d e t e c t i o n  a n d  r a n g i n g  
s e n s o r  

•  Very high definition LiDAR 

•  Real time LiDAR data   

•  3D LiDAR capture 

TECHNICAL DATA  (HDL-32E) 

Dimension Ø 8,5 cm, H. 14,9 cm 

Frame rate 10 Hz 

Measurement range 1m to typically 100 m 

Wavelength 905nm 

Vertical Field of View (degrees) +10,67 to -30,67 

Horizontal Field of View (degrees) 360 

Accuracy < 2 cm 

Vertical angular resolution ~ 1,33° 

Horizontal angular resolution ~ 0,16° at 600 rpm 

Sensor weight 1,050 Kg 



P h e n o D r o n e T M :  A p p l y i n g  h i g h - t h r o u g h p u t  f i e l d - b a s e d  
p h e n o t y p i n g  t o  p l a n t  d r o u g h t  s t r e s s :  p i c t u r i n g  m o r e  

r e s i s t a n t  c r o p s  w i t h  t h e r m a l  i n f r a r e d  s e n s o r  

TECHNICAL DATA  (Optris PI 640)  

Dimension 7,6 cm x 7,6 cm x 12 cm 

Optical resolution 640x480 pixels 

Spectral range 7.5 - 13 µm 

Frame rate  32 Hz 

Accuracy ±2°C  

Thermal sensitivity 75 mK 

Weight 0,320 Kg 

Thermal Imager Lightweight Kit 



Harfouche et al., manuscript submitted  Antoine Harfouche 

B r i d g i n g  g e n o m i c s  w i t h  p h e n o m i c s :  t h e  s o l u t i o n  



Next-generation agriculture and forest sciences: putting big data to work to 
address fundamental questions 

Harfouche et al., manuscript submitted  Antoine Harfouche 



T h e r m o g r a p h y  t o  e x p l o r e  d r o u g h t  s t r e s s  r e s p o n s e s  u s i n g   
P h e n o d r o n e T M  

Ludovisi, Tauro et al., manuscript in preparation 



Ludovisi, Tauro et al., manuscript in preparation 



Data extraction  
Statistical analysis of field-truth/UAV data correlations 

Map desired variables of plant trait or status  
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Analysis of multiple data types 

Phenomics 
data 

repository 

Transcriptomics 
data repository 

Genome data 
repository Specialized analysis  

by expert users 

Ludovisi, Tauro et al., manuscript in preparation 



T h e r m a l  i m a g i n g :  a p p l i c a t i o n s  i n  f o r e s t  t r e e  b r e e d i n g  

Ludovisi, Tauro et al., manuscript in preparation 



D e v e l o p m e n t  o f  w a t e r  s t r e s s  i n d i c a t o r s  b a s e d  o n  P h e n o D r o n e T M  
t h e r m a l  i m a g e r y  f o r  f i e l d  p h e n o t y p i n g  a  h e t e r o g e n e o u s   

t r e e  p o p u l a t i o n  f o r  r e s p o n s e  t o  w a t e r  c o n s t r a i n t s  
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Ludovisi, Tauro et al., manuscript in preparation 



F i e l d - b a s e d  p h e n o m i c s :  H y p e r s p e c t r a l  i m a g i n g  f o r  t h e  
d e t e c t i o n  o f  d r o u g h t  s t r e s s  i n  b l a c k  p o p l a r  F 2  m a p p i n g  

p o p u l a t i o n  

Harfouche et al., manuscript in preparation 

B y  i n c r e a s i n g  t h e  t h r o u g h p u t ,  p r e c i s i o n ,  a n d  
d i m e n s i o n a l i t y  o f  t h e s e  m e a s u r e s ,  h y p e r s p e c t r a l  h a s  t h e  
p o t e n t i a l  t o  r e v o l u t i o n i z e  p o p l a r  b r e e d i n g  p r o g r a m s  f o r  
e n v i r o n m e n t a l  s t r e s s  t o l e r a n c e   



Dr Kai-Uwe  

Schwarz 

T h e  E U  WAT B I O :  
D E V E LO P I N G  D R O U G H T - TO L E R A N T  B I O M A S S  C R O P S  F O R  E U R O P E  

 
 
 



U n m a n n e d  A e r i a l  Ve h i c l e s  a s  M o b i l e  M u l t i - S e n s o r  
P l a t f o r m s  f o r  I n n o v a t i v e  a n d  S u s t a i n a b l e  M a n a g e m e n t  

o f  A g r o - E n v i r o n m e n t a l  E c o s y s t e m s  



T h e  E U  A G R O F - M M :  A g r o f o r e s t r y  M e d i t e r r a n e a n  a n d  
M o u n t a i n s  
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A c k n o w l e g m e n t s  a n d  f u n d i n g  

Our work has been featured on the covers of several journals 

Flavia Tauro Sacha Khoury 

Giuseppe Scarascia 
Mugnozza 

Salvatore Grimaldi 

Antoine Harfouche 

Francesco Fabbrini 

Riccardo Salvati Riccardo Ludovisi Paolo Latini Chiara 
Evangelistella 

Andrea Firrincieli 
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