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The 
Problem:

• Site specific management (SSM) can be 
defined as the management of agricultural 
crops at a spatial scale that is smaller than 
that of the whole field;

• In this wat, resource application is adjusted 
to the characteristics of both soil and crop, 
as they vary within the field;

• SSM permits to minimize the amounts of the 
resources used on site with both ecological 
and economic advantages;

• Thus, SSM  is an important tool to reduce 
the impact of human activity in the planet, 
namely, is an important tool to fight 
scarceness of water.

• Since the building of the Alqueva dam,  
inaugurated in 2004, the landscape changed 
dramatically;

• 120 000 ha are now irrigated (52000 of 
which, olive grove);

• The result, is an increasing pressure on the 
environment due to the use of  fertilizers, 
phytopharmaceuticals and other resources;

• Public awareness of these problems urges 
local authorities to intervene and impose 
tight regulations on human activity. In this 
environment, reconciling economic and 
environmental objectives in our society it is 
mandatory.



The 
Problem:

• ABBA would like :

• to automatize the process of extracting
information;

• to identify the main factors that influence
the variation of NDVI/state of the plant;

• to understand how in what extend those
factors influence the variation in the
NDVI/state of the plant;

• to predict crop yields .

• ABBA (a farmers association in Alentejo) is 
quite aware of all the  implications  of this 
problem and keen on expanding the use of 
Precision Agriculture techniques among its 
members.

• ABBA’s members are provided  provided 
with NDVI maps of their fields, each 5 days, 
extracted from Sentinel 2 data (NDVI is an 
indicator of the state of the crop);

• Farmers use the information provided to
adjust the use of resources in the field;

• In this way, management zones are
delineated and intervened in an entirely
empirical manner.

Figure 1  - The images show NDVI maps of a maize field in different stages 



The 
Fundaments:

• Thus, crop canopy multispectral reflectance can be used to evaluate the
health of the plant;

• The spectral data collected is used to calculate indices, designated by
vegetation indices;

• A wide number of such indices can be found in the literature;
• Precision agriculture companies favor the Normalized Difference Vegetation

Index, NDVI.
• What could be gained if other indexes were introduced (complementary

information vs redundancy).

Healthy and unhealthy plants reflect light differently:

Figure 2  - Differences in the reflectance of healthy and stressed plants



where:
NIR- Near Infrared
MIR – Mid Infrared
L – correction factor for soil brightness.
C1 and C2 – correction atmospheric factors.

- Normalized Difference Vegetation 
Index

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑

- Soil-Adjusted Vegetation Index

𝑆𝐴𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑 + 𝐿

The 
Fundaments:

Vegetation Indices

- Enhanced Vegetation Index

𝐸𝑉𝐼 = 1 − 2.5
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝐶1𝑅𝑒𝑑 − 𝐶2𝐵𝑙𝑢𝑒 + 𝐿

- Green Normalized Difference 
Vegetation Index

𝐺𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝐺𝑟𝑒𝑒𝑛

𝑁𝐼𝑅 + 𝐺𝑟𝑒𝑒𝑛

Moisture Stress Index

𝑀𝑆𝐼 =
𝑀𝐼𝑅

𝑀𝐼𝑅



The 
Fundaments: • Plant reflection can be measured by satellite remote sensing (drone or

satellite);
• ABBA favors the use of satellite imagery rather than drone imagery. This is related to three main factors: i) satellite imagery is

available for free; ii) cloud cover is not a major problem in the Alentejo - the average number of overcatst days is 4,8 per month
and iii) there is still no evidence that the difference in accuracy gained by using drones instead of satelatites is compensated by
the raise in cost.

• Information acquired can then be used to calculate the value the vegetation
indices of choice;

• The values of vegetation indices can be converted into a color by means of a
color palette conversion scheme, allowing an easy visual assessment:

Sentinel 1A/B

Drone



The 
Fundaments:

Figure 5 - Passive Remote Sensing

Visible
Near and Mid Infrared



The Model:

• Consider that a grid is introduced
on top of the NDVI map;

• Take a pixel on that grid;

• Analyze the time evolution of the
value of the NDVI in that pixel.

time

NDVI

time



The Model:

• Consider that a grid is introduced
on top of the NDVI map;

• Take a pixel on that grid;

• Analyze the time evolution of the
value of the NDVI in that pixel. NDVI

time

The line represents the evolution of the value of the NDVI with time and is an implicit function of the interventions
on the field, in that specific pixel. Any explanatory model has to be obtained by expliciting the implicit function
given by that line.



The Model:

• proceed in the same way to all the pixels in the grid

NDVI

p4

p3

p2

p1

t1 t2 t3 time

Figure 7 – Time Series of the value of the NDVI. Example for four pixels.

The representation of the time series of the NVDI data exposes withinfield
spatial variability.



The Model:

Thus, NDVI time series can be used in two ways:
1. To define management zones within the field;

Time series of the NVDI data exposes withinfield spatial variability

NDVI

p4

p3

p2

p1

t1 t2 t3 time

Figure 7 – Time Series of the value of the NDVI. Example for four pixels.



The Model:

Thus, NDVI time series can be used in two ways:
1. To define management zones within the field;
2. To write a mathematical model that predicts crop response to the

interventions in the field. -> future work

Time series of the NVDI data exposes withinfield spatial variability

NDVI

p4

p3

p2

p1

t1 t2 t3 time

Figure 7 – Time Series of the value of the NDVI. Example for four pixels.



The Model:

Figure 7 – Time Series of the value of the NDVI. Example 
for four pixels.

.

Addressing question 1:
• Management zones are zones

where crops exhibit the same
behavior.

• However, in this context, what
“same behavior” means?

1. (p1,p2): similar NDVI values but
different time evolution;
2. (p1,p4): different NDVI values but the
same time evolution;
3. (p2,p3) the line associated to p3 is an
amplified version of p2.

p4

p3

p2

p1

t1 t2 t3 time

Simple spatial analysis does not permit to identify 2. and 3. This possibility
seamed very appealing to farmers.



The Model: Decision:
Together with ABBA

Management zones were to be looked
for by:

1. gathering (pi,pj) with similar NDVI
values;

p2
p1

t1 t2 t3 time

t1

t2

Figure 7A – Partial view of Figure 7.

Figure 9 – Visualization in the NDVI map  of the 
case exhibited in Figure 7A.



The Model: Decision:
Together with ABBA

Management zones were to be looked
for by:

2. gathering (pi,pj) with similar evolution
in the NDVI patterns;

p4

p1

t1 t2 t3 time

Figure 7B – Partial view of Figure 7.

t1

t2

Figure 10 – Visualization in the NDVI map  of the case 
exhibited in Figure 7B.



The 
Methodology:

TriGen Algorithm was used to identify management zones.
(Guitierrez-Avilez et al, 2013)

TriGen performs triclustering based on a genetic algorithm;

It works with 3-D data sets;

It mines x-coordinate data sets, y-coordinate data set and time

points.

y

x
t



The 
Methodology:

In a genetic algorithm

A population evolves with the goal of creating better individuals in each new
generation.

Generation of the Initial Population Evaluation Selection

CrossOverMutation



The 
Methodology:

Initial Population (IP)

- A subset of x and y coordinates are randomly selected;
- For each new individual, a sequence of time points are randomly

selected;
- The number of individuals is determined by parameter In.

Evaluation (Ev)

- The members of the population are evaluated trough a fitness
function – Multi Slope Measure – MSL;

- MSL measures the similarity of the behavior patterns of the time
series, based on the differences between the angles that every two
points of a series form with the x –axis;

- The MSL includes a control mechanism to balance the size of the
triclusters and the overlapping among them.

(Gutierrez-Avilés, 2015)

Selection (Se)

- The selection of the progenitors of the next generation is as follows:
- First, the individuals of the population are separated into three groups and

ordered by fitness;
- Then, a percentage of the population, determined by a parameter Sel, is

selected for reproduction from those groups.



The 
Methodology:

CrossOver

- numCross crossovers are executed;
- In each one, a pair of individuals are randomly chosen from the

previously selected individuals and two children are created;
- The first child inherits the x coordinates and the t points of the first

parent and the y coordinates of the second; the second child
inherits the x coordinates and the t points of the second parent
and the y coordinates of the first.;

- In-Sel.In children are generated. From those, a specified number is
selected according to the fitness function.

Mutation

- The new individuals can be altered by adding or removing a
random X or Y coordinate or a random time point, with probability
Mut.

- The maximum and minimum numbers of coordinates associated to
a given individual are controlled through specific parameters.

- The mutation operation prevents inbreeding, ensuring the
variability of the next generation.



The 
Methodology:

y

x
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Solution example



- 60 ha maize plantation
- 19 NVDI images from Sentinel 2 Mission:

- collected between June and October 2018;
- with intervals of 5, 10 and 15 days.

- 5,15 ha vineyard
- Data extracted from Sentinel 2 with high spatial
- resolution at the defined coordinates using QGIS

software
- collected during three years (2018,2019 and 2020);
- during vineyard season.
- Vegetation Indices calculated using QGIS

Data Set
and Results:

Two experimental Data Sets, both in the Alentejo – South of Portugal



Data Set
and Results:

Two Results for the First Data Set

Two Quality of the solution accessed in two ways:

Two – TRIQ Measure

- Based on the similarity of the behavior patterns
and on the Pearson and Spearman’s correlation
indices.
- TRIQ moves in the [0,1] interval
- Results: #1:0,803; #2:0,753; #3:0,827; #4:0,742

Two –Validation by a specialist

- Based on knowledge of both field and crop



Data Set
and Results:

Two Results for the Second Data Set

Two Quality of the solution accessed in two ways:

Two – TRIQ Measure

- Results: #1:0,880; #2:0,936; #3:0,915; #4:0,8321

Two –Validation by a specialist

- Based on knowledge of both field and crop

Two Very little within field variability; Very similar patterns in all the studied years



Data Set
and Results:

Two Results for the Second Data Set

Two Comparison to other indices:

T– GNDVI is sensible to the variation of chlorophyll
- EVI provides meaningful information on grapevine phenology



Data Set
and Results:

Two Results for the Second Data Set

Two Comparison to other indices:

T
MSI is the only index to show significant differences within field



Conclusions 
and 
Future Work:

• TriGen and bigTriGen are capable of finding 
patterns in 3-D remote sensing data;

• The mined tri-clusters make sense to the 
experts;

• Results show a close relation among the 
patterns detected using most of the tested  
vegetation indices. Nevertheless, 
complementary information is add to the 
results;

• bigTrigen was studied as to its scalability, 
showing its adequacy to big data sets.

• Test the use of TriGen for other crops;

• Further work  in the fitness function –
identify other type of patterns;

• Introducing other type of data in the model, 
such as soil conductivity and others;

• To address the second research question

To write a mathematical model that predicts crop 
response to the interventions in the field.
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