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Abstract 

Precision agriculture emerges as a response to the integration 

between information and communication technologies with the 

field work. It streamlines different manual tasks, improves 

production levels and makes better use of inputs. This article 

main objective is to design a technological tool that will aim to 

strengthen precision agriculture in Colombia, through the 

construction of a wireless sensor node with communication 

modules, capable of measuring the variability of the 

environment and the soil. A technological solution is proposed 

focused on the creation of an own model of precision 

agriculture, based on the extraction and gathering of 

environmental data, from remote sensors located within point-

to-multipoint networks. The information gathered, travels 

through wireless network protocols according to the place and 

the needs occurred on the field, so it is supported in ISM 

communication technologies such as XBEE, RFM69, WIFI, 

2G, 3G and 4G; once the data has been consolidated and 

integrated, a historical support of climatic variations is obtained 

allowing the improvement of the precision level in the 

prediction. As a main result, a low-cost solution was obtained 

that increases the certainty level for the rain probabilities and 

the treatment that should be given to a crop under the prediction 

of the climatic variability. 

Keywords: Precision agriculture, solar energy, ICT, climatic 

variability. 

 

INTRODUCTION 

Precision agriculture (PA) emerges as a response to the 

integration between information and communications 

technologies with field work. It speeds up different manual 

tasks in the gathering of information from the environment, it 

manages to significantly improve production volumes provided 

that it is accompanied by good administrative and operational 

practices, it collaborates in the control of pests and diseases in 

plants, besides it makes better the use of inputs since it avoids, 

for example, the excessive use of pesticides or the excessive 

waste of water resources. [1] 

A Precision Agriculture model is formed by a cycle of data 

collection, processing and analysis of environmental 

information, which is integrated into the administrative 

activities and the operational management of the business, with 

the ultimate aim of estimating future performance, anticipating 

changes in the climate which may affect production; and 

generate a retrospective evaluation of the tasks developed in the 

production process. [2] The PA seeks to revolutionize the 

concept of sowing and traditional agriculture as it conceives 

agricultural tasks from a responsible point of view at the level 

of water consumption and seeks for current and future 

generations food safety around a more solid environmental 

awareness. 

Taken from an investigation carried out by the United Nations, 

it is estimated that in 2050 there will be around 9700 million 

people to feed, this would represent a great challenge in the 

food production that must be faced by companies and farmers 

from all around the world. To meet this food demand in the 

future, agricultural productivity must raise by 1.75% each year, 

this increase is added to the population growth that will 

intensify the global water demand by 55%. [3] 

The PA is visibly an ideal solution in which converges a wide 

collection of agricultural practices, advanced information 

systems, real-time analysis and in specific cases modern 

machinery for sowing and harvest. [4] 

The main problem that agricultural producers, especially small 

and medium-sized farmers, encounter in the PA systems 

market, is the high cost of specialized equipment; this affects 

the agricultural sector causing low adoption, standardization 

and propagation of existing technology. [5] additionally on one 

hand, the design as well as the computer equipment’s operation 

are not designed for small tracts of land. On the other hand, the 

vast majority of manufacturers offer privative systems, causing 

that the current systems might not be scalable and open to 

extension, in cases where the modifications in individual needs 

could be fundamental. 

The high uncertainty level for the farmer to plant a crop and the 

narrow gap that exists between a successful result and an 

imminent failure, [6] can become so complicated and 

frustrating for the producer that forces him to abandon the work 

of the field by not even covering the costs of the inputs used. 

With the purpose of contributing to the solution of the previous 

problem, this article aims to design a technological tool that 

enables the strengthening of precision agriculture in Colombia, 

thereby helping to reduce the existing gap between traditional 

farmers and the large food producing industries. To achieve the 

former goal, we propose the construction of a wireless sensor 

node with communication modules, capable of measuring the 

variability of the environment and the soil. 

 

THE AGRICULTURE PROBLEM IN COLOMBIA 

Colombia is a country that has several problems which in the 

last century have led to delays in the development of its 

agriculture. These problems range from the armed conflict, the 

sowing of illicit crops, the lack of public policies oriented to the 
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agrarian sector, to a development with greater emphasis on the 

oil and hydrocarbon sector that neglects the needs of 

technological growth in agriculture. 

At the technological level, the problem not only focuses on the 

complete or precarious adoption of PA tools by agricultural 

producers, neither on the use of genetically modified seeds nor 

on the excessive implementation of increasingly strong 

pesticides that generate depletion in the soils from high levels 

of alkalinity and salinity; the real potential problems lie in the 

high level of uncertainty that supposes for the farmer to seed a 

crop and the narrow breach that exists between a successful 

result and an imminent failure due to climatic, administrative 

or operative factors. [7] 

The United States and Europe, especially Spain, are leaders in 

the adoption and creation of technology for PA. In Latin 

America, Argentina, Chile and Brazil are the countries with the 

highest growth in food exports and are the main pioneers in the 

adoption and research of topics related to precision agriculture. 

[8] 

Nonetheless, although many countries today use information 

and communication technologies (ICTs) in the agricultural 

sector, that does not mean that all production sectors implement 

PA systems, nor that they develop good practices and manage 

to combine research and science for the benefit of the land and 

the sustainability of agricultural activity as a profitable 

economic practice. In Colombia in particular, two factors stand 

out that prevent reaching this goal. The first one, the high costs 

in acquiring PA solutions and the second one, the lack of 

knowledge on the part of producers about the existing 

technology. 

The average farmer must compete with large agricultural 

industries of the private sector, both national and foreign, and 

therefore is obliged to invest in tools that can reduce the trade 

differential between them and the large food producers, both at 

the production volume as in the final quality of the products, in 

turn makes an effort to protect ancestral practices still present 

in their agricultural activities. [9] 

The private sector has extensive experience and knowledge in 

state-of-the-art Precision Agriculture systems, capable of 

providing an excellent, agile and high-quality service; but 

which are expensive and therefore in most cases are 

inaccessible to the medium and small farmer, who is not even 

aware of the existence of these systems. Moreover, the 

information systems and hardware developed are totally 

privative, including the payment of licenses for use and 

distribution, so to make changes and adapt these systems to 

very specific needs become almost impossible. 

Unfortunately, in small farming areas, the implementation of 

commercial PA models is not feasible, since the instruments are 

expensive and a large part have a complexity converging to the 

inefficient. 

 

WEATHER STATIONS IN PRECISION AGRICULTURE 

A weather station is a device equipped with different sensors 

which record information regarding the changes experienced 

by environmental variables. The registration of these changes 

is quantified or qualified according to the environmental 

variable and is sent to information processing centers or stored 

in local data registers (Data logger), all this process is carried 

out in real time. 

The usefulness that a weather station represents for a crop is 

reflected in the capacity that it provides to the agricultural 

producer to anticipate or predict future climate problems, such 

as: frosts, droughts, hailstorms, floods, changes in wind 

currents, among others. In precision agriculture systems that do 

not have expert systems which are expected to undertake 

inference processes and determine the presence of possible 

catastrophic scenarios by themselves; the information system 

must present the user with the most organized and visual the 

information gathered, since the user will be in charge of 

identifying and diagnosing the problem, as well as giving a 

solution to it. In computer systems it is common to find 

diagrams, reports and information represented graphically in 

real time. 

Here are some of the most common environmental variables 

recorded by a weather station (Use of weather stations in 

agriculture, INIFAP, 2008): 

Air temperature (° C): It represents the amount of energy or 

heat present in the environment, this variable is used in 

precision agriculture to calculate the growth that a crop has. It 

is measured in Degree Day units and allows to determine the 

influence that temperature has on the growth rate of a crop. 

"Temperature records are also used to calculate chilling units 

or chilling hours required in deciduous fruit trees and some 

insects in hibernation stage." 

Relative humidity (RH): defined as the amount of water vapor 

present in the air, the steam comes from rivers, oceans, lakes, 

plants and other living beings. The control over the relative 

humidity allows predicting frosts and its use extends to the 

identification of diseases and evapotranspiration calculation of 

the plants. 

Solar irradiance (W/m2): It represents the electromagnetic 

waves emitted by the sun, this variable is used for the empirical 

calculation of evapotranspiration of a crop. 

Wind speed (m/sec, Km/h): Its use focuses on the estimation 

of soil erosion and on determining the right moment to apply 

pesticides. 

Wind direction (N, S, E, W): It allows to know the air currents 

track achieving, for example, the pollen direction and 

distribution in the plants. 

Atmospheric pressure (hPa, atm): It is presented as the 

amount of force that air exerts on the earth surface. Depending 

on the place of the crop, to measure the changes that the 

pressure of the atmosphere undergoes can help to predict warm 

or cold periods, this will depend on whether the atmospheric 

pressure rises or falls. 

 

Basic structure of a weather station 

A weather station consists of different sensors that capture the 

changes presented by different environmental variables. The 
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fundamental components that can be found in a weather station 

and that make up its basic structure are: 

1) Anemometer: Device used to measure the wind 

speed. In meteorological applications it is common to 

find anemometers in the form of a mill with cup-

shaped blades. 

2) Weather vane: Used to measure wind direction. 

3) Pyrometer: It measures the levels of solar radiation. 

4) Thermometer: It captures the environment 

temperature level. 

5) Hygrometer: It captures the relative humidity level. 

6) Rain gauge: Instrument used to measure the amount 

of rainfall. 

7) Datalogger: it is known as a data registrar, it is 

responsible for saving meteorological records in pre-

established periods of time. 

Solar panels and lithium batteries are often used to power 

meteorological stations, this mode is widely used in remote 

areas where there is no constant power supply. However, 

weather stations that operate on a conventional power supply 

can be used. 

The construction of the weather station starts with the testing 

of each one of the sensors individually and the integration of all 

of them working in the same program. 

 

Electronic components used: 

1. Temperature sensor, relative humidity and 

atmospheric pressure BME280. 

2. Temperature and atmospheric pressure sensor 

BMP085. 

3. Carbon monoxide sensor MQ-9. 

4. Wireless communication modules XBEE, ESP8266, 

RFM68HCW and Quectel M66D. 

5. Serial communication module FT232RL. 

 

INFORMATION SYSTEMS IN PRECISION 

AGRICULTURE  

The concept of precision agriculture takes into account three 

types of variability, all of them processed thanks to strong 

information systems which are the result of many years of 

development and testing. 

Spatial Variability: This type of variable seeks to represent the 

change that a planting area undergoes, defining for example 

sectors in which the use of fertilizers is not necessary, spots 

where a specific crop grows faster and provides better results, 

etc. Ultimately, it allows the administrator or the person in 

charge of the crop to keep a historical control of the changes, 

the transformations that the work area goes through specifically 

from sowing and harvesting over time. 

Temporal Variability: This type of variability establishes the 

changes that certain sowing terrain has been subject to through 

time, unlike the spatial one, this is done historically and in 

different harvesting events. 

Predictive variability: This type of variability is intended to 

explain the difference between what a producer predicts will 

happen in contrast to what is really happening. For example, a 

producer predicts that a certain number of harvested units can 

be reached if they are grown twice the expected number, if 

irrigation is done a certain number of times, or more pesticides 

are applied; but the result achieved is not enough to meet the 

demand, cause of external factors such as weather. 

Every variability can be measured and first off, those factors 

that might be affecting the growth of the crop must be defined. 

There are different tools that can help in the task of capturing 

environmental variables, including yield maps, environmental 

and soil evaluation, remote sensing and aerial photograph. 

The information that these variables yield into the system will 

then allow applying precision agriculture techniques, as well as 

dealing with crops appropriately. 

The Precision Agriculture makes use of modern and 

sophisticated tools to have a control on all of these variables, 

differing in this aspect from traditional agriculture. By means 

of subsequent analyzes, it is possible to optimize the usage of 

inputs and best utilize the land space, promoting a reduction in 

costs. 

The information systems involved in PA models stand out for 

directly relating the agricultural administration to the different 

variabilities taken into account. 

These information systems include administrative modules 

which allow the control of application of inputs, payments to 

collaborators, distribution, organization of land, programming 

planting seasons and collection. These features focus on the 

utility they provide in decision-making processes. 

 

CONSTRUCTION OF A SENSOR NODE IN PRECISION 

AGRICULTURE FROM ARDUINO PLATFORM. 

The PA is in essence a work paradigm developed for the 

producers of the 21st century, it is in charge of minimizing the 

levels of uncertainty from a specific traceability by site for each 

of the terrains where it has been planted. It controls each of the 

tasks performed on the crops, monitoring the environmental 

and spatial variability of the planting areas. Furthermore, it is 

characterized by the storage of historical information, decades 

of information which are of great importance in the decision-

making process for the creation of statistical and predictive 

models with the ability of anticipating the farmer on key 

moments for the application of an input, to state the date 

indicated to plant a certain crop species, to generate climate 

alerts, among other benefits. 

In a standard PA model, three stages are commonly defined, 

namely data collection, information processing and 

interpretation, and inputs application. 

The use of sensor networks is included in the data collection 

stage, these sensors have the ability to collect soil information, 

environment variability, fruit growth characteristics, among 

others. It will depend on the requirements that the agricultural 
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producer determines to run. The power supply for wireless 

sensor nodes is commonly done with solar energy and 

rechargeable lithium batteries or from wind energy. Thereby, 

they can be used in places that have limitations or shortages of 

conventional electricity supply. 

A sensor node is a vitally important part of a PA system, since 

it is responsible for capturing all the environmental variability 

that crops undergo. Hereunder, it is presented the design and 

construction of a wireless sensor node as of the Arduino 

platform. 

The Arduino platform provides the scientific and student 

community with various microcontroller devices on 

accelerated development plates, one of the most widespread 

one is the Arduino UNO which consists of an ATMEGA-328P 

microcontroller at a frequency of 16Mhz. 

The design of the sensor is based on the Arduino UNO 

diagrams released by the company on its website to the open 

hardware development community. However, the original 

Arduino Atmega328P microcontroller is not used, but the 

Atmega1284P microcontroller, which has a greater number of 

input/output terminals and connection ports. In addition, it was 

carried out a detailed research and compilation of sensors with 

a high degree of precision (12 to 20 Bits of resolution), a 

selection of solar charge components with emphasis on an 

efficient and fast load (500 amp - 1000-amp load). [10] 

Regarding wireless connectivity, functional devices were used 

in free ISM bands and cellular networks, essentially for the 

sending of encrypted data frames and integration through 

Internet connectivity with public cloud platforms, in this 

specific case with Microsoft Azure and Ubidots. Moreover, a 

special connector for MicroSD memories and a dedicated 

connector to link a Raspberry pi card to the sensor node is 

included. Therefore, the end user has the possibility of storing 

the information collected in different destinations thus 

increasing the redundancy of the data. 

 

 

Figure 1. Wireless Sensor Node Schematic Diagram 

 

The sensors BME280 (Temperature, humidity and atmospheric 

pressure), the sensor MPL3115A2 (Atmospheric pressure) and 

the sensor Si7021 (Humidity and temperature) are integrated. 

Besides, the MAX31865 integrated circuit is used, which 

allows to operate a PT100 / PT1000 sensor by means of the SPI 

communication protocol. For the measurement of velocity and 

direction air, an RJ11 connector is integrated, to which it is 

possible to connect a Davis Instruments anemometer. 

The design includes a Quectel L76 GNSS module, whose 

technology allows to connect to the American and Russian 

satellites in a single device in order to geolocate the sensor node 

from longitude and latitude spots from the satellites. In respect 

of the communication modules, the main commercial devices 

that are currently in force and work in free frequency bands are 

integrated. It also merges the WIFI module ESP8266, allowing 

to operate as an access point or device for direct connection to 

WIFI networks and given its high processing power (32 Bits) it 

is possible to load a directly compiled Arduino program, for 

this operation the user merely has to select to which device 

wants to load the compiled program by means of a selector 

switch. 
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Figure 2. Wireless Sensor Node Schematic Diagram 

 

 

Figure 3. Wireless sensor node, 3D view (Altium Software) - Top and bottom part 

 

Keeping up with the description of the wireless communication 

modules of the sensor node, the RFM68HCW module is 

integrated, an economic device in relation to many devices 

present in the market, which allows setting wireless networks 

at a low cost. Users with larger requirements in terms of sensor 

networks can use XBEE S1, S2 or S2C modules fully 

compatible in the sensor node card. Finally, the sensor node has 

cellular connectivity thanks to a Quectel M66DS module, 

which has the feature of including support for two mobile 

operators thanks to the presence of two SIM CARDs. The 

complete block diagram of the hardware development of the 

wireless sensor node is included below.  
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Figure 4. Block diagram wireless sensor node. 

 

Definition of a data frame 

The manufactured sensor nodes are responsible for 

communicating among themselves and for centralizing the 

information to those that have active mobile connectivity from 

the presence of a SIM CARD. Such node has the task of 

receiving measurements from multiple remote sensor nodes, 

therefore it is necessary to create a mechanism which allows 

transmitting the information safely. 

The structure of the data frame created and the data sent 

correspond to the temperature, humidity, battery percentage, 

Beaufort number (it allows to identify the wind intensity by 

means of a classification made at the wind speed in km/h), 

speed of the wind, luminosity, ultraviolet radiation and other 

variables captured by the sensors. 

To ensure that the data is sent encrypted, the AES128 

encryption is used, an adequate encryption algorithm for the 

processing level of a microcontroller. It does not require 

excessive computational resources and provides a good level of 

security if an initialization vector is used and a block cipher 

mode. 

 

 

Figure 5. Simulation of the encryption process - Cryptool 2 software. 
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The result of the encryption is transmitted in hexadecimal 

format in order to reduce to a minimum the computational use 

in the transmission of the original frame, and additionally 

because the encoding of the message is sped up, by just using a 

range of 16 characters (0x00 - 0xFF), in comparison to handle 

a variety of possible characters such as those that can be used 

with encodings in base64 or ASCII. 

 

DESIGN AND CONSTRUCTION OF AN 

INFORMATION SYSTEM FOR PA MONITOR WEB 

Hereafter, an information system is presented which is 

integrated into the hardware development of the wireless sensor 

node, the information system is responsible for storing the 

environmental information and sending alerts by different 

electronic communication means (SMS, WhatsApp, Telegram, 

E-mail). Among the most important tasks that the system 

executes, is the synchronization of the information stored 

locally with the Microsoft Azure public cloud, there a 

processing of the collected information is done, detailed reports 

are presented and a rain prediction process is carried out, from 

all the historical environmental data collected. 

The objective of the information system, regardless of the 

technologies with which it was developed, consists of 

presenting a system and a computer environment where the 

ubiquity and integration of the data is relevant, in order to 

obtain relevant information for decision making. Really what is 

sought to achieve with this solution is to convert the data into 

information, for it, it is covered from end to end the needs in 

the acquisition of agricultural information, on the basis of a 

hardware device specially designed for the storage of 

environmental data and development of a software application 

which endows the wireless sensor node the ability to manage 

stored data, to integrate itself with the cloud, to maintain 

information security and finally to send early alerts about 

unexpected events. 

In the following image, the complete software architecture 

designed to fulfill the purposes described above can be 

observed. 

 

 

Figure 6. Software Architecture, Information System Sensor Node - Web Monitor 

 

Definition of a data frame 

The data sent from the web monitor, (which runs on the 

wireless sensor node) to the Azure portal, are managed through 

the IoT Hub service. From this point a function is used within 

the portal that allows storing the sensors information in a 

second service called Blob storage. 

In a parallel process the data of the IoT Hub is taken and moved 

to Stream Analytics, from there, a consumption of a web 

service hosted in the Azure Machine Learning Studio service, 

also from Microsoft, is done; which returns a percentage of rain 

probability, based on the environmental data passed from the 

IoT Hub. The result is stored in a .csv file, into a Blob storage 

service. Finally, a second instance of Stream Analytics is used 

which allows the IoT Hub data to be directly passed to a Power 

BI account, where it is possible to visualize the incoming data 

in real time and create dynamic reports, share information and 

generate detailed analyzes. 

The use of Microsoft Azure, significantly accelerates the 

development of IoT solutions, it also allows advanced 

management of data through BLOBs, real-time reports and 

great processing power. The following illustration shows in 

detail the architecture of cloud services used for the 

management of data from the wireless sensor nodes. 
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Figure 7. Cloud services architecture in Microsoft Azure. 

 

Finally, from a sample collected over a period of a month in the 

municipality of Sibaté, Cundinamarca in Colombia, it was 

possible to identify the high rates of environmental variability, 

the accelerated growth of the data and the importance of 

managing cloud services for the information management. This 

approach would avoid having bottlenecks in the execution 

processes, and the escalation process could get much faster and 

more efficient than if it were done manually. Regarding the 

environmental record in large areas, it is important to use 

wireless networks to cover a larger area, thereupon the design 

of the wireless sensor node fully met with these specifications. 

 

 

Figure 8. Graphs of meteorological records captured by the wireless sensor node. 

 

 

Figure 9. Moisture values and UV index, Power BI Portal and Ubidots. 
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CONCLUSIONS 

The development of a precision agriculture system at low cost 

is possible insofar as information systems are developed under 

free software, and devices such as environmental units, remote 

sensing nodes and weather stations could be produced in 

moderate volumes of units. In addition, electronic elements 

must be also purchased in large quantities, all of this to reduce 

costs. 

The construction of the system here presented, proves to be 

optimal and it has the energy capacity to operate with solar 

energy, from the sensor nodes that implement solar panels and 

charge controllers, to the environmental unit that thanks to its 

low consumption, may have as a supply electric a solar panel. 
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