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Abstract. Population growth and water scarcity are demanding more effective farming methods. Current smart 

irrigation applications are not fulfilling the potential of automation and crop results due to the complexity of 

irrigation automation related to natural events such as evapotranspiration and plant growth. The solution presented 

here can efficiently track the natural events described due to the triangulation of three methods: soil moisture 

sensor readings, weather forecasts, and satellite imagery. Soil moisture sensor defines irrigation needs, weather 

forecast reschedules irrigation, and satellite imagery confirms and adapts the irrigation process. This combination 
allows water savings, percolation reduction, plant health automated monitoring, energy savings, and labor 

reduction while ensures quality crop development. The quality comes from the smart irrigation water amount, 

efficient irrigation timing, and adequate irrigation method. 
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1. Introduction 

Until the recent past, even with thousands of years of 

development, agriculture irrigation techniques did 

not show much efficiency in water usage. Most of 

the time the crops were under or over watered 

leading to waste or lack of resources and eventually 
a spread of plant diseases due to the excess moisture 

in the soil. 

As stated in the CB Insights research, 70% or the 

world’s water usage comes from the agriculture 

sector, a big chunk taking into count that water 

shortage is an increasingly existing problem due also 

to population growth and therefore many approaches 

are being considered depending on the country. The 

most relevant saving water agriculture techniques 

are presented in such as the crop switching to less 

intensive crop type, night irrigation, irrigation 
method change on old crops to a drip system, 

precision farming projects on the new crops, and 

many more. Additionally, the dependency that 

companies have in selling to big supermarkets 

lowers significantly the prices making the profit 

margin insignificant and forcing farmers to apply 

precision techniques to water and energy 

consumption as well as rigorous quality control to 

make sure of getting the minimum loss in their 

production. Some farmers give up, others adapt, but 

the paradigm change is inevitable in the lowest 

digitalized sector [1] that is welcoming young 
farmers with the most advanced techniques of 

precision farming. 

1.1. Problem statement 

 

Nowadays it is notorious that agriculture is still the 

sector with less automation and digitalization. 

Although this sector belongs to the top 5 of potential 
automation achievable with 57% of processes 

potentially automated. Irrigation applications just 

cover a small portion of all the knowledge and 
actions needed to run a farm without constant 

maintenance giving a sense of false automation and 

requiring an automation controller person to be 

working permanently on the farm. 

The opposite occurs leading to the absence of 

irrigation for long periods without rain. Even with 

proper application work external variables like 

weather spatial variability can compromise the 

system. This subject is still an open issue to farming 

while flooding studies are widely studied. 

As seen, the maintenance process must be carefully 
managed by a contracted person, outsourcing 

company, or by the farmer. 

Also, the setting process of these smart irrigation 

applications is not easier. To allow the proper work 

of these applications in extensive areas it is 

necessary to know a lot of variables. This work is 

normally done by specialized agriculture planning 

companies that make that assessment not just about 

terrain but also assess all the characteristics of the 

land. Possibly another company has to be called to 

project the irrigation infrastructure. A considerable 

amount of farms are still operating with just weekly 
reports but even in applications with daily reports the 

black box of the irrigation algorithm is still a 

drawback, as it is difficult to understand the 

irrigation decision and customize it with the farm 

knowledge. 

On large area farms, the usage of satellite imagery is 

not popular, translated in just 30% of acceptance [2]. 

This remote sense method eliminates part of the 

maintenance check work of the crops. The small 

percentage of usage comes from its non-integration 

in most smart irrigation applications and the farmer's 

satellite imagery ignorance.  
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1.2. Document Structure 

This document is organized in the following 

sections. 

Section 2 introduces the satellite imagery topic and 

reviews the previous development in precision 

farming applications and the current developed 

solution Raindrop. Section 3 describes the design 

and development processes. Section 4 presents the 
results of the implementation and section 5 finishes 

by the conclusions and future work analysis. 

   

2. State of the art  

2.1 Precision Farming Applications 

To efficiently analyse the most relevant precision 

farming applications in the context of the problem, 
just the solutions providing mobile application and 

focused on remote sensing methods are evaluated. 

The relevant remote sensing methods are satellite 

imagery analysis, humidity sensor readings and 

meteorology accordance.  

Other features of a state of the art precision farming 

application are the different crop adaptation, 

irrigation control automation, internet connection, 

amount of irrigation zones allowed and price. 

Orbit B-Hyve and Rachio Smart Sprinkler represent 

the top landscape/gardening solutions. Teraseya, 

Jain Logic and Gaia Sense the best precision farming 
solutions and the state of the current developed 

solution is represented by Raindrop. 

 

 

The Raindrop application represented in table 1 

(base of the current project) is described in detail in 

Figure 1 constituted by the Node.js Cloud Server, the 

Javascript programmed Controller and the React 

Native Mobile Application. 

 

Figure 1 - Base Raindrop infrastructure layered view 

The previous Raindrop application already presented 
refinement challenges in the interface and in the 

irrigation amount and schedule algorithm and 

missing features such as Notifications. 

 

2.2 Satellite Imagery 

The current main Satellite Constellations used for 

precision farming can be divided using three criteria: 

price, resolution, and revisit time. 

 
Table 2 - Satellite Constellations Comparison [3] 

 

In farming, to extract information from Satellite 

Imagery, the required spatial resolution per pixel is 

≤10 m (two trees of 1 row in super-intensive layout). 

To compute the vegetation index in a multispectral 
image, the NDVI technique is used. 

 

 
NVDI =

NIR − RED

𝑁𝐼𝑅 + 𝑅𝐸𝐷
 (1) 

 

where the normalized difference vegetative index is 

NVDI [0,1], near-infrared (band 4) reflectance NIR 
and red (band 3) reflectance RED. 

 

NDVI is used to access vegetation health and vigour 

by the visible green, plant water by the middle 

infrared, or disease stress (NVDI value drop). 

To evaluate the key aspects of plant vitality and be 

able to accurately trigger alarms when there is a crop 

problem, the threshold and scale definition is 

important. 

 

 

 

 

built-in feature                      optional feature 

Table 1 - State of the art smart irrigation criteria 
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Figure 2 - NDVI scale [4] [5] [6] 

The most appropriate scale for the kind of agriculture 

is the one that has a lot of precision in the 

healthy/green area and doesn’t distinguish between 

buildings or dry land as they won't be inside the crop 
polygon or don’t need to be distinguished at all. 

The colour scale starts at NDVI index=0.25 making 

the green colour (NDVI ≥ 0.5) display only high 

vegetation skipping the representation of grasslands, 

for example. 

 

2.3 Quinta das Chantas Case Study 

Quinta das Chantas is a farm composed of more than 
160 hectares, 43 of Walnuts and 113 of Olive Trees 

and the irrigation method is micro-drip due to the 

grove setting. 

Ms. Santos explained everything about the complex 

process done in Dr. Sanches farm such as soil 

analysis, irrigation infrastructure, zones and crop 

planning, plantation, the growing, and harvesting. 

This farm met the minimal conditions to develop a 

necessary Case Study and support the development 

of the application with real data coming from there, 

mainly due to its extension, the different growing 
state areas, different olive and walnuts species and 

presented challenges in the terrain elevation and 

characteristics with the need to define several zones. 

 

The path to evolution from the Case Study and the 

base application challenges is as follows: 

 

- Gather and analyze NVDI Satellite images [4]-

[7] of the farm to detect irrigation problems and 

plant anomalies. 

- By the analysis of the same images identify 

pumping system problems.  
- Add notifications to enhance user interaction 

and alert for possible changes detected by 

satellite imagery. Set reminders for irrigation 

schedules. 

- Tackle spatial variability of weather forecasts 

by gathering forecasts from more providers. 

- Implement the combination of sensor readings 

and weather forecasts in the irrigation 

algorithm. 

- Achieve automation in the irrigation system by 

programming the controllers and establish 
communication between the Cloud Server 

entity (Figure 1) and the programmable 

controller by the set of an adequate 

communication protocol. 

- Upgrade the setting interface of the application 

to allow users to specify the minimum pressure 

that each pump has to work and combine this 

information with the zone's initial setting. 

- Update the irrigation schedule algorithm to 

implement priorities among zones and 

nighttime priorities to work in the least 

expensive energy hours. 

 

3. Methodology 

3.1 Solution Architecture and Communications 

 

The designed solution derives from a weather 

forecast based system to an irrigation application 

based on soil moisture measurements and the 
weather forecast, confirmed by remote sense 

imagery as described in figure 2. 

 

 

Figure 3 - Venn's Diagram of Proposed Solution 

The designed system architecture is composed by the 

server, the mobile application and by the irrigation 

controller (left side of figure 4) that is marked as 

future work. 

The server establishes a connection with 3 different 

API’s, two weather providers and one satellite 

imagery provider. The cloud-based application 

running in the server acts as a client to ask the APIs 

for data. 

In Figure 4, the information direction is represented 

by the arrows.  
 

 

 

Figure 4 - Communications between system components 
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The Cloud server act both as a client for Weather 

providers and Satellite imagery APIs and as a server 

for irrigation controllers and mobile applications. It 

is accountable for the request (HTTP request with 

JSON /GeoJSON file as a response) and storage 

(MongoDB) of the information from the 2 weather 

and 1 satellite APIs. Furthermore, processes all the 

information to obtain watering schedules [8], 
maintenance alerts and satellite NDVI images. 

The focus of the new version of Raindrop is the 

implementation of the Satellite Imagery and the 

Notification modules (mobile side of figure 3) which 

need requirement assessment and modelling to start 

a successful implementation. 

 

3.2 Satellite Imagery  

 

The Satellite Imagery module is based on the image 

acquisition (1), filtering (2), storage (3), display (4) 
and processing (5).  

The following set of requirements is defined to fulfil 

project aim. 

 

(1) – Image Availability – The system should update 

the image at least once a week. 

 

(1) – Freely available data – The module should run 

entirely on free data and processes. 

 

(1) – Image precision – The satellite image extracted 
in the first stage should have at least 10 meters of 

spatial precision. 

 

(2) – Creation of a Polygon – The system must create 

a polygon from the coordinates inputted by the user 

to define a certain zone and area. The system should 

calculate the polygon area. 

 

(3) – Save the polygon – The system should save the 

polygon as an array of coordinates.  

 

(3) – Save the processed image – The processed 
image with the index should be saved in the database 

of the system to be used at any time by the user. 

 

 

(4) – Visualization of NDVI index – The system 

needs to show the index perceptibly to the user with 

proper scale and description. 

 

(4) – Find anomalies – Users must be able to find 

anomalies by the visualization of the index. 

 
(4) – Visualization of affected areas – the interface 

should present to the user the process information to 

help in farming decisions. 

 

(4) – Warn about maintenance problems – If the 

output is maintenance information the user should be 

notified. 

 

(5) – Group exclusivity - Each pixel is unique and 

only belongs to one group.  

 

(5) – Euclidean Distance - The groups are formed 

based only in distance.  

 

(5) – Order - The pixels must be grouped by order.  
 

(5) – Custom distance - The distance threshold must 

be adjustable. 

 

(5) - Custom group creation - The number of pixels 

per group must be adjustable. 

 

(5) –Full analysis - All the pixels must be analysed. 

 

(5) –Global Optimum result – Points not fitting in the 

clusters must be considered outliers. 
 

Understanding the user needs and requirements lead 

to the detailed modelling and tool identification 

process where the design of the solution takes place. 

 

Acquisition (1) – The satellite imagery state of the 

art study enables the definition of the image 

acquisition strategy. Agro API introduces the 

necessary image availability each 2 to 4 days for the 

Sentinel-2 satellite constellation with the required 

image precision of 10m/pixel.  
Agro API uses  HTTP to allow REST-based data 

services and retrieves a JSON being compatible with 

further image filtering. 

 

Filtering (2) – The creation of a polygon that defines 

a farm zone, successfully filters the desired area, 

avoiding the acquisition and transformation of big 

chunks of useless data by the server. Using Agro API 

enables, with extra API steps, the transformation 

from an ordinary satellite image to NDVI index 

image. 

 

Storage (3) – The current use of MongoDB enables 

the creation of an image object which can receive the 

image data in Base64 due to the small space required 

in the database and the confirmation that will reach 

the destination without flaws. 

 

Display (4) – The visualization of a map of the 

area/zone with the proper leaf reflectance index is a 

priority for the user to proceed to an informed 

decision. The filtered polygon is shown to mitigate 

user errors and not compromise the image precision. 
The map is displayed in the Zone section of the 

application between water balance and zone details.  

 

Processing (5) – To provide a deeper comprehension 

of crop health and maintenance problems it is 

important to process the newly obtained NDVI 

image and not just give it to the user to analyse. 
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presentation of real-world coordinates of the farm 

where the processing finds the affected areas or 

maintenance problems. 

To find severe problems in the farm, the <0.25 NDVI 

threshold is defined which corresponds to a pixel 

colour that needs to be found in the image. For each 

pixel detected, coordinates within the image [x,y] are 

found. Cluster the adjacent pixels and discard 
clusters not meeting dimension requirements. 

For the valid clusters, the identification of each 

representative central coordinate takes place and 

finally, the transformation of that coordinate into 

real-world coordinates inform the users where the 

anomaly takes place, meeting all the processing 

requirements. 

 

The implementation takes place when all the 

requirements are fulfilled by the design of the 

module.  
 

 Acquisition (1) & Filtering (2) – To acquire filtered 

satellite imagery from Agro API, 3 API calls need to 

be performed. If the server is asking NDVI images 

for an existing polygon, just 2 calls are performed. 

 

 
Figure 5 - API calls between Raindrop and Agro API 

The process starts with the creation of the polygon 

(1) through the creation of the GeoJSON with the 

coordinates of the polygon and its shape. The 

GeoJSON is sent by POST and as a response, a 

polygon ID is received if the polygon is successfully 
created. 

The check for satellite images (2) consists of a GET 

request constituted by polygon ID and the time 

interval in which we want that the images were 

captured. 

As a response, the API will send all the images 

available and the newest one (NDVI one, less than 

7% clouds and from Sentinel 2) will be selected as 

the GET request of the last API request (3) that 

return the NDVI image required. 

The NDVI filter [5] is dependent on the pallet ID 

choose. The scale is defined in Figure 5. 
 

 

Figure 6 - NDVI index scale 

The precision of the green part of the scale is vital to 

the user perception of a problem in the crop. For this 

purpose, the scale is composed of 9 levels of green 

to tackle any problem regarding the crop health at 

early stages. 

 

Storage (3) – Storing the NDVI image avoids the 

repetition of the acquiring process when there is no 
new satellite imagery update. 

It consists of storing, into the database, the PNG 

image for each crop zone defined, for each user of 

the application. The external communication with 

the API’s just happens when there is a new and 

updated image to be shown. As the system is 

handling several clients in different locations the 

update of the satellite imaging occurs at different 

times representing another challenge. 

Therefore, the data (image-PNG) need to be 

normalized (Base64) to the database model to reduce 
redundancy and to make the storage of all the images 

lighter. 

Being a NoSQL [9] MongoDB database is possible 

to define a data model different from the traditional 

relational tables and create the ndvi document into 

the Zone Schema to store the image. 

 

Display (4) – The display is implemented with the 

proposed layout defined in the modelling phase and 

by the definition of the NDVI index scale. Each 

NDVI zone map is presented to the user between the 
water balance and zone details inside the Zone 

section. It is only possible to present the image by 

the transfer of the image from the database to the 

mobile application. The data is inside ndvi document 

buffer and by the integrity check of the Base64 

encoding of the PNG image is possible to ensure the 

successful transfer of all the data chunks. The final 

display is possible by the reverse transformation of 

the encoded image in Base64 to PNG. 

 

Processing (5) – Through NodeJs module Jimp it is 

possible to access each pixel value (RGBA value 
inside image.bitmap) and compare with the desired 

threshold colour defined. If the colour values are 

coincident the image coordinates [x,y] are stored in 

a vector. The clustering of the image coordinates to 

find anomaly areas is developed inspired by k-means 

and DBSCAN algorithms with the necessary 

customizations to fulfil the requirements. 

The custom solution is developed with the main goal 

of adapting to any n, the number of clusters present 

without knowing beforehand. The distance threshold 

is between 1 and 2.9 of the pixel gap and defined by 
the Euclidean distance algorithm, the one used for 

both k-means and DBSCAN algorithms. Every time 

the Euclidean distance between coordinates is bigger 

than the threshold a new group is created. 

 The reduce phase also needs customization as it is 

only accepting groups of pixels between 4 and 19 

pixels.  
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The groups of pixels meeting the requirements are 

represented by its central coordinate which needs to 

be converted to real-world coordinates. 

 
Table 3 - Customized Clustering algorithm (O(n*k)) 

input: pixels with [0,0.25] NDVI pixel 

coordinates 

output: finalClusters represented by its central 

coordinates [x,y] 

 

for (pixels) { 

     for (clusters) { 

          for (cluster) { 

               if (1 <= dist(pixel, cluster pixels) <= 2.9) 

{ 

                   cluster.push(pixel); 

               } 
          } 

     } 

     if ( dist(pixel, all clusters) > 2.9) { 

          clusters.push(newCluster);  

     } 

} 

 

Reduce phase  

 

for (clusters) { 

     for (cluster) { 
           if (4 < clusterSize < 20) { 

                 calculateCentralCoordinate(); 

                 finalClusters.push(centralCoordinate); 

           } 

      } 

} 

 

 

The adaptability of the algorithm comes with the 

time complexity downturn (O(n*k)) where the initial 

n pixels and k pixel clusters are analysed giving the 

optimal solution and detecting the number of 
anomalies in the crop area. The number of anomalies 

in the crop is not predictable, so the performance of 

cluster algorithms such as k-means and the custom 

algorithm cannot be compared [10]. 

The real-world coordinates are calculated by the 

comparison of the image coordinates with the real-

world coordinates of the polygon extremities (xmax, 

xmin, ymax, ymin). 

By a linear approximation, excluding the curvature 

of the earth, the real-world coordinates of the 

anomalies are calculated. 

 
3.3 Notifications 

 

Towards a bigger user interaction and to reinforce 

user action when needed, the notifications bring 

awareness to the application even when it is not 

currently in use [11] [12]. On the other hand, this 

kind of service if wrongly implemented can make the 

users uninstall the application as stated in [11]. 

In the precision farming environment, it is essential 

to alert the farmer when crop variables change, due 

to the big responsibility that the user deposits in the 

application to bring the best results to their 

investments. 

 
The notification requirements are the following: 

 

Notification Uniqueness - Each Notification is 

unique and identified by an ID. 

Event Alert - The notifications should alert users to 

events on the farm. 

Trigger - Each notification is triggered by a change 

in the application or variable state. 

User Singularity - Each device /user has different 

notifications dependent on the triggers. 

User Group - Possibility to group users dependent on 

the notification targets. 

Model Storage - Notification model should be stored 

to be triggered and reused. 

Customized Notifications - The administrator of the 

application can change the content of the 

notifications. 

 

Based on the requirements, the modelling highlights 

the design decisions and identifies the tools needed.  

The modelling involves the definition of targets, 

triggers, notification type and provider. 

 

Targets - Although segmenting the user population 

is beneficial, in Raindrop, as there is no premium 

version involved, all the members have the same 
benefits and tools, having the same notification 

service as well available. Therefore, the service 

targets are all the application users. 

 

Triggers - There are three situations identified where 

notification needs to be triggered.  

(1) - Scheduled irrigation, that needs to be 

reminded to the farmer. 

(2) - Maintenance to be performed in the 

pumping system or a sensor.  

(3) - A plant health anomaly is found in the 

crop.  
All the notification scenarios pointed belong to the 

mechanical type of notifications, as they do not 

depend on user behaviour or location to be triggered.  

The irrigation reminder is a time trigger and the 

remaining two triggers are event ones, which means 

they are triggered by a change in the state of an 

entity. 

 

Type – The notifications required in the current 

application environment (precision farming) are 
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accessible in the client-side, do not need user 

filtering and are defined by mechanical triggers. 

Therefore, the change of state triggers the 

notification needed is possible through the 

implementation of the simpler local notifications. 

Even the biggest advantage of remote notifications is 

not relevant in the farming context because even 

when a trigger is fired, the action needed from the 
farmer can wait, turning real-time alerts into 

meaningless advantages. 

 

Provider - the notification information only 

circulates inside the application boundaries, being 

triggered by changes in the state of its information. 

Therefore, and with just an npm module (react-

native-local-notifications), it is possible to 

implement local notifications and fulfil project 

notification requirements. 

 
The implementation of the module can start after 

making all the design decisions in the modelling.  

Dealing with a customizable module 

(PushNotification.localNotification) brings 

implementation complexity but adapts better to the 

notification requirements. For each type of trigger 

situation, different notification properties can be 

called inside the same module to customize the 

notification triggered. 

 

 For each trigger situation, it is necessary to 
understand the notification properties to call and 

where, in the client application, the information is 

situated to perform the desired notification.  

 

Irrigation Scheduled (1) - By calling 

PushNotification.localNotificationSchedule(details) 

it is possible to schedule the notification in advance 

and mitigate the latency in this process. 

Details: Title: “Raindrop”, Message: “There’s 

irrigation scheduled for today in [Zone]” 

Android only details: SmallIcon: Raindrop logo, 

bigText: “Tap for schedule details” (shows when the 
notification is expanded). 

The irrigation schedule information for the current 

day is present directly in the interface, in the user 

homepage after making the login (Areas) and 

presented as a table. Each time the table shows 

irrigation scheduled for a certain day and that day is 

the current, at midnight it triggers a scheduled 

notification informing the farmer of the action 

needed to take in that day. 

 

Equipment Malfunction (2) – To trigger pumping 
equipment or sensor malfunction it is necessary to 

establish a connection between the hardware 

controllers/sensors and the application. This 

connection is marked as future work. 

 
Figure 7 - Device maintenance notification process 

The notification is not triggered in real-time owing 

to the impossibility of being the server to trigger the 

notification service. Therefore, the information 

received from the equipment is firstly presented in 

the client interface, then triggering the notification. 

Although the notification is not triggered in real-

time, the lag is minimal (communication and process 
time). 

Calling PushNotification.localNotification(details) 

allows the trigger of equipment malfunction 

notification type. 

Details: Title: “Raindrop”, Message: “[Device] is 

malfunctioning”. 

Android only details: SmallIcon: Raindrop logo, 

bigText: “Tap for device details” (shows when the 

notification is expanded). 

 

Plant Health Anomalies (3) – The NDVI image 
processing algorithm finds the coordinates of the 

anomalies by its central coordinates. To trigger this 

alert PushNotification.localNotification(details) is 

used. 

Details: Title: “Raindrop”, Message: “There’s a 

plant anomaly area in [Zone]” 

Android only details: SmallIcon: Raindrop logo, 

bigText: “Tap for coordinates” (shows when the 

notification is expanded). 

The anomalies are displayed in the Zone section and 

then a notification for each zone is triggered. 

 
The implementation of Notifications was not 

finished on time as problems with version control of 

the different React-Native modules and Android 

were not successfully solved in the case of 

Notifications (react-native-local-notifications, react-

native-push-notifications, react-native-notifications, 

react-native-android-notifications). 

 

3.4 Application enhancement and extra features 

 

The following new features and adaptations are 
briefly described as most of the process is related to 

implementation. 

 

Remote Server – To accomplish server availability 

in the >95% [13] order, the server component needs 

redundancy to avoid downtime as much as possible. 

To combat downtime, a partnership with Técnico 

RNL, allows hosting the server services in their 

domain. 

 

Algorithm Enhancement – The weather spatial 

variability tackle by the implementation of a set of 6 
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days OpenWeather predictions to confront with the 

actual MeteoTecnico predictions. 

 

Minimum pump pressure option – In the zone 

creation into the application is possible to add the 

pressure information of the pumping equipment, 

asked from Ms. Santos and vital in the zone 

definition. 
 

Android Version/ Google Services / React Native – 

Since the start of the application google services 

were updated several times, React Native almost ten 

times and in version 0.60 the paradigm changed with 

the auto-linked modules not compatible with some 

deprecated modules existent in the application 

leading to constant maintenance procedures. 

 

Security Concerns – In terms of data the shift to 

HTTPS, the storage of the least amount of sensitive 
data, acceptance of just parameterized queries to 

avoid NoSQL injections. Other security measures 

are the authentication in the API accesses, no 

redirection to third-party pages and constant update. 

 

4. Results 

The current chapter consists of the output of the 

newly created modules in the context of the farm in 

the study. The precision farming base is the data used 

to give the output, so the data analysis is also 

performed. The features implemented that need user 

interaction are tested with the user testing for the 

interface. Functionality testing is performed to 

enhance software quality and debugging, and it is not 

featured in the document. 

4.1 Case Study results 

The newly created Satellite Imagery output is the 

following: 

 

Figure 8 - NDVI map from "Nogueiras" and "Olival" zones 

It is possible to understand the property and for 

example, understand that the “Nogueiras” zone is not 

profitable in the current state. In “Olival” zone is 
possible to distinguish the property house and the 

paths. The small groups of yellow and red areas are 

anomalies that the processing algorithm detects. 

 

The following view of the notification module 

output is simulated and features in the future work. 

 

Figure 9 - Device maintenance notification prototype 

4.2 Data results 

With the historical data from IRRISTRAT platform 

provided by Ms. Santos it is possible to confront the 

real weather and irrigation values with the ones 

calculated by the Raindrop algorithm, having in 

consideration the update and addition of one more 

Weather provider to tackle spatial variability of the 

predictions. 

Table 4 - Prediction error assessment for "Olival" zone 

 

From the comparison with the results obtained in the 

first iteration of the application [9], a reduction in the 

prediction error is evident. In the first version, the 

average prediction error was 47,51%. With the new 

weather provider, spatial variability tackled, the 

prediction error reduces to 38,72% in the zone tested. 

It is possible to understand that the irrigation 

predicted still does not correspond to the reality and 
the prediction of the precipitation is not accurate 

even though is closer than the previous version. 

The mean NDVI value of the zone confronted with 

the moisture value close to the surface (10cm) given 
by IRRISTRAT platform (moisture sensors placed in 

the farm) gives us the correlation of the water content 

closer to the surface with the plant vigour registered 

by the remote sense method. 

The plant health (measured by NDVI) will oscillate 

following the water content at this low depth (10cm). 

 

 

Figure 10 - Mean NDVI and Moisture Values (2020) 
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The moisture fluctuations of 25 January and 14 May 

correspond to precipitation occurrences. The 3 and 

28 June abrupt moisture value changes correspond to 

irrigation occurrences, which needed to be 

performed due to the warmer weather and larger 

evaporation of the soil water. 

It is possible to observe that after these 4 events, the 

NDVI value that had declined due to water privation, 
returns to the mean values. 

Also, after the regulation of the zone NDVI mean 

values at 3 of June, the values return to the 0,5 zone 

but a bit lower compared with the previous normal 

values. This descent on the NDVI value from 

April/May to June/July describes the higher 

temperatures and the higher evaporation happening 

at Quinta das Chantas which triggers the irrigation of 

28 of June and doesn’t impact the NDVI mean values 

as it happened at the previous irrigation. 

 
The data perspective inside the application also 

embarks the capacity of storing the data in the most 

lightweight manner possible to ensure the 

performance of the tasks involving data, even more, 

when dealing with images. 

To test that, several areas and zones are created to 

mock the application operation and for each new 

areas or zones created, the same zone/area data 

access task is performed and the time to perform the 

task is measured (Table 5). 

Table 5 - Performance measurement in data access 

 
 

The task selected is from the initial page where all 

the zones and areas are represented, select the newer 

zone, and go to zone details section. The task is 

composed of 2 clicks and 1-2 scroll actions. For each 
step of the test, 3 measurements are performed, and 

the time is measured by a chronometer. The 

uncertainty (time measurement) is +/-0.15 s. 

From the analysis of Table 5, it is possible to 

understand that performance is not affected by the 

application escalation in terms of data. The test was 

carried out also with the addition of the areas and 

zones in different and new user accounts. 

 

To ensure the processing quality of the satellite 

imagery, the Table 3 processing algorithm output 
(anomaly coordinates) is confronted against the real 

conditions in the studied farm (images).  

From the analysis of the images from the affected 

areas in Quinta das Chantas it is possible to 

understand that in 2 out of 2 cases the algorithm is 

right giving an accuracy of 100% after filtering the 

man-made features present in the zone. In case there 

is no filtering the accuracy drops to 25% due to the 

number of man-made features presented between the 

crop area. The need for filtering comes from the fact 

that the zones tested are in fact areas, with several 

zones inside. 

In terms of performance the algorithm gives a mean 

value in 30 reads of Execution time (hr) = 0s 

1.432ms for the processing of the two zones tested. 
It is not feasible to compare with clustering 

algorithms directly due to his singularity, but inside 

the application spectrum, the time that it takes to 

process is way less than, for example, create a new 

area (130 ms) or add a new controller (105 ms). 

 

4.3 User interface results 

User testing brings the real user interaction to the 
application and ultimately tests the functionality, 
requirements, interface, and performance, giving 
feedback to the developer and classifying the 
application in terms of usability. 

To effectively measure usability, the SUS (system 

usability scale) is used [14].  

The test consists of 10 questions where the user has 

5 possible answers from Strongly Agree to Strongly 
Disagree.  The user needs to perform tasks in the 

environment to get to know the application. In the 

current context, three tasks were selected. Then, the 

user needs to answer the SUS [14] questionnaire 

about them. Finally, a usability score is calculated 

from the user answers, describing the system 

usability. 

The test is performed with the help of 20 

farmers/agronomic engineers from 23 to 55 years, 

100% with previous mobile experience and from the 

agricultural area. 20 % were women (4) and the 
remaining were men (16 or 80 %).  

The tasks defined for the testers to interact with the 

application were the following: 

 

(1) - Visualize the NDVI Image of an existent zone. 

(2) - Edit the pump minimum pressure of an existing 

zone. 

(3) - Create a new zone and access the details of that 

zone. 

 

 
Figure 11 - Usability Score 
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The mean usability score obtained for the tasks 

tested is 78,625, corresponding to a B, presenting an 

improvement compared to the 72,33 obtained with 

the first Raindrop version. 

The score consolidates the previous testing done and 

presents the proof of a smooth-running application, 

fulfilling the user requirements in terms of 

functionality and performance. 
 

5. Conclusion 

5.1. Achievements 

 

The project has produced the module that supplies 

remote sensing satellite imagery and it’s processing 
with no added cost, giving, at the same time, enough 

quality (10m/pixel) for the farmer to make decisions 

about the farm he owns. The module gives to 

Raindrop, the title of the first free mobile application 

with accurate NDVI analysis and visualization. 

Additional application expansion was introduced 

like enhanced security in the storage and 

communication of third-party sources and the review 

of algorithms, features, and interface issues. 

The application server is ready to run on RNL 

servers located in the university that provides 
application availability for future use and 

development. 

As a final remark, the biggest achievement is the in-

depth view of full-stack mobile development and the 

experience gained in the Node.js and React Native 

environments as well in Android. 

 

5.2. Limitations 

 

The maintenance hurdle due to the constant need to 

reformulate application processes to cope with new 

versions of the environments involved. As a 
component-based framework, React Native bring the 

majority of compatibility problems. 

The maintenance process also involves the 

adaptation to APIs updates, ways to acquire data and 

service cease. 

The real environment test is also a limitation in terms 

of time owing to the slow process of plant growing 

and plant health check. The modules of the 

application ready to be tested need to be ready 

several months before for the long testing phase with 

the real farm starts. Historical data is used to 
overcome this limitation. 

Dealing with natural processes bring unpredictable 

results as the variables are approximations. 

 

5.3 Future work 

 

The next versions of the application should address 

the communication between the application and the 

hardware present on the farm. Establishing 

communication with the farming pumping system 

controllers to automate the irrigation process from 

the application is also a way to improve. 

A way to improve automation in the precision 

farming process characterizes by the recognition of 

farming zones through the satellite image from the 

location given by the farmer (coordinates). The 

software should recognize the type of crop described 

by the farmer in the satellite image and define the 

best-suited farming zones. 

The IOS implementation brings the application to a 
wider public, supporting more farmers interested. 

Still in the mobile field, notification service should 

be implemented to interact with the users even when 

the application is not running. 

For last, the application security can be improved by 

the encryption of the information inside, to guarantee 

the integrity of the same information. 
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