
     
      

    
Background & Motivation Algorithm 
What is non-productive canopy? 
Non-productive canopy is an estimate of the proportion of a row not producing 
grapes; where the cordon wire is bare or cordon is dead. It identifies infrastructure 
that a grower has spent funds to setup and maintain; however, there is no return 
on this investment. 
 
Why is measuring it useful? 
• Improved management strategies 
Non productive canopy represents a loss of vineyard productivity as inputs such as 
fungicides are still applied to the missing or dead vines. Manually tracking missing 
vines is laborious and seldom undertaken. An accurate estimate of the location 
and  proportion of missing vines in a block could be used as the basis for decisions 
to replace missing vines by replanting or layering or to initiate block 
redevelopment. 
 
• Tracking changes in management practices 
By identifying the location of bare cordon wire and dead cordon, management 
practices could be applied to reduce the non-producing portion of a  vineyard. By 
tracking the variation in non-productive canopy over more than one season, the 
effect of management practices can be quantified. 
 
• Yield estimation 
Grower estimates of yield can differ from the amount of fruit delivered to the winery 
by an average of 30% [1] which causes an estimated loss of $200million/year [2]. 
Standard yield estimation formulas estimate count of bunches across a block using 
either weight/vine or weight/segment which can benefit from revised information of 
productive portion of a block or total vine number. 
 

    
    

    
    

     
       

    
      

    

Non-Productive Canopy Detection from Aerial Imagery 

Results 

Block Ground-truth Estimated Average Accuracy 
#1 (2015) 3.77% 3.47% 97.06% 
#2 (2015) 18.48% 17.29% 90.49% 
#1 (2016) 6.00% 5.52% 96.72% 
#2 (2016) 6.74% 5.33% 94.42% 

Conclusion 

Experimental Approach 
Materials and Methods 
• Aerial imagery captured over two vineyard blocks 
• Manual measurements collected for each block and presented as total linear 

distance of non-productive canopy per row 
• Testing of different parameters in algorithm 
• Comparison of image processing approach to manual measurements 
 

• A practical technique has been developed to estimate the proportion of non-productive canopy in a block, to an average accuracy of 90% or greater. 
• Value of non-productive canopy can be used in revising yield estimates. 
• The method is inexpensive as it utilises existing PCD raw data with little additional information or labour which means minimal additional resources are required. 
• The map of non-productive canopy can assist with management decisions and thus improve productivity. 
 

Objectives 
• Development of a low-cost method for estimating non-productive canopy from 

raw aerial imagery, commonly used to produce PCD maps 
• Spatial map production of estimated locations of non-productive canopy 

 
Verification 
Non-productive estimate = 𝑁𝑁𝑁𝑁𝑁𝑁−𝑝𝑝𝑝𝑝𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑇𝑇𝑁𝑁𝑝𝑝𝑇𝑇𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
 

Accuracy = 𝐶𝐶𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶 𝑝𝑝𝑝𝑝𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑇𝑇𝑁𝑁𝑝𝑝𝑇𝑇𝑝𝑝 𝑝𝑝𝑇𝑇𝑝𝑝𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝
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Figure 1: Block #1 estimated non-productive canopy spatial map. Red indicates non-
productive areas whereas green indicates productive canopy 

Table 1: Total non-productive canopy estimates across two blocks over two years compared to 
manual measurements (ground-truth). The average accuracy of classification over each row is 
also included. 

A map of non-productive canopy (Figure 1) along with absolute error in estimation of non-productive canopy on a row level (Figure 2) can be useful for identifying areas of a 
block with missing or dead vines. The estimated non-productive canopy is similar to manually collected ground-truth data (Table 1). This suggests that the proposed technique 
can replace manual measurements, while maintaining a high level of accuracy. From 2015-2016, significant portions of bare cordon wire in block #2 (Table 1) were identified 
and wrapping down of cane extensions applied to reduce the non-productive portion of the block. This improvement in non-productive canopy is also successfully tracked. 
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Figure 2: Block #2 (2015) absolute error margins on a per row basis. The blue line is the percentage of 
non-productive canopy in a row. The red line is the absolute error in non-productive canopy for each row. 
The dotted line represents the average absolute error over the rows. Where the red line is below the blue 
line indicates improvement of the algorithm classification over assuming 100% productive canopy 
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