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________________________________________________________________________________________ 

Tree   AG a X Y NPAG VDAG 
VDAG/   NPAG m2 

_______________________________________________________________________________________ 

AG1 688.6 6001.3 29.0 14172 488 14.2 

AG2 689.0 5996.3 30.0 14673 489 14.7 

AG3 689.7 5991.0 29.0 14288 492 14.2 

AG4 690.7 5986.3 56.0 28144 502 27.4 

AG5 696.1 5986.3 22.0 10952 497 10.8 

AG6 691.6 5983.8 7.0 3675 525 3.4 

------ 
------ ------ ------ ------ ------ ------ 

NTP: 1479 

NTAG/   NTP: 
0.59 IVDA: 427784   

_________________________________________________________________________  a Abbreviations: AG, clusters; x, y: coordinates; NPAG nº of pixels; VDGA, integrated digital values;   surface, m2  
 

 
1. INTRODUCTION 
 
Agronomic and environmental characteristics of fruit orchards and forests can be automatically 
assessed from remote-sensing images by a computer programme named Clustering 
Assessment (CLUAS®). The aim of this paper is to describe the operational procedure of 
CLUAS and illustrate examples of the information provided for citrus orchards and 
Mediterranean forest.  
 
2. CLUAS SOFTWARE® DEVELOPMENT  
 
It is written in IDL, works as an add-on of ENVI and has been designed to manage the 
information contained in remote sensing images for several precision agriculture strategies, i.e. 
to characterize site-specific tree plantation parameters.  
 
CLUAS Algorithms: operates by integrating the digital values (DV) of the neighboring pixels 
within a defined range of DV (RDV) and cluster spatial dimensions (CSD). The definition of 
RDV and CSD is flexible and selected by the operator according to the image specificity and to 
the study objectives. Remote images with spatial resolution from 0.25 m to 1.5 m have been 
suitable for tree characterization. For each orchard plot, CLUAS® automatically provides 
indicators, such as the geographic coordinates, surface and potential yield of each tree; and 
key parameters of groves, such as the total area and the number, area and potential 
productivity of trees; and, similarly, for  other land uses such as vegetation cover and bare soil. 
So, CLUAS can contribute to the site-specific/ precision management of fruit orchards, 
providing quantitative information on each tree, small area/ “micro- plot” of an orchard, or 
whole orchards. 
 
 3. OPERATIONAL FLOWCHART  

 
1. Previous Image Processing 

↓ 
Image selection 

↓ 
Isolation of selected orchard plot 

↓ 
Land uses classification 

(RDV definition) 
↓ 

2. CLUAS Implementation 
ENVI 
↓ 

Basic tools menu 
↓ 

Clustering Assessment software 
↓ 

Cluster parameters 
↓ 

RDV 
    Merging distance 

Minimum size 
      Maximum size  

Width 
  Height  

↓ 
File output saving 

↓ 
3. CLUAS outcome report 

Interpretation and complementary indices 
 
 
4. CASE STUDY A) :  ASSESSMENT OF CITRUS ORCHARDS INDICATORS  
 
To demonstrate CLUAS capabilities, a remote image of a citrus orchard (Figure 1) was 
processed with a digital values range of 319-515 (OA=95%), maximum clustering of 14 
columns and 14 rows, and neighbouring of 8 pixels. 
 
 
 
 

 
 

6. CONCLUSION 
CLUAS Software® provides detailed agronomic information from remote imagery of tree 
orchards/ forest, both “tree by tree” and for each small area/ micro-plot of the orchard 
defined. So CLUAS is a feasible and economic technology that can contribute to setting 
up the basis for site specific/ precision management for plantations of trees. 

   

 
CLUAS Software® for managing remote images for precision agriculture 
 

 
 
 
 
 
 
 
Figure 2. Zoom partial view of a 0.15 ha Mediterranean Quercus spp. forest from a panchromatic 
Quick Bird satellite scene taken at May 10, 2005, near Posadas (Cordoba, southern Spain); pixel 
size was 0.7 m; Quercus spp. trees are in black, other semi-desiccated vegetation cover in grey 
and bare soil in white. 
 
 

   
    

 
 
 
 

5. CASE STUDY B): ASSESSMENT OF MEDITERRANEAN FOREST INDICATORS  
 
To demonstrate CLUAS capabilities, a remote image of a Mediterranean Quercus spp. forest (Figure 
2) was processed with a digital values range of 319-515 (OA=95%), maximum clustering of 14 
columns and 14 rows, and neighbouring of 8 pixels. 

 
 
  

 

 
 
Table 2. Outcome of the information provided by CLUAS on the Mediterranean forest shown 
in figure 2 (only data of the top six trees is shown for abbreviation). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1. a) Zoom partial view of a 0.07 ha citrus orchard from a panchromatic Quick Bird satellite 

scene taken at May 10, 2005, near Posadas (Cordoba, southern Spain); pixel size was 0.7 m; 
Citrus. trees are in black, other semi-desiccated vegetation cover in grey and bare soil in white. 

_________________________________________________________________________ 

Tree  AG X Y NPAG VDAG 
VDAG / NPAG m2 

_________________________________________________________________________ 

AG1 827 954 17 8045 473 8.3 

AG2 836 956 24 11303 471 11.7 

AG3 850 960 42 21070 501 20.5 

AG4 842 954 10 5305 530 4.9 

AG5 826 945 42 18799 447 20.5 

AG6 835 947 49 22764 464 24.0 

----  ----  ----  ----  ---  ----  ----  

NTP: 3024   

NTAG/   NTP: 0.3 IVDA: 428853 

____________________________________________________________________________  
 
a Abbreviations: AG, clusters; x, y: coordinates; NPAG nº of pixels; VDGA, integrated digital values; surface, m2  

Table 1. Outcome of the information provided by CLUAS on the citrus orchards shown in 
figure 1 (only data of the top six trees is shown for abbreviation). 
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