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Abstract 
The diversification of the energy matrix using non-conventional sources as well as reliability and safety regulatory requirements, demands 
cost-efficient management systems for commercial, residential or industrial generation under 200kW. There are several remote 
management systems in the market including ARTIMO, a solution in Latin America by EQUITEL, with application in high power 
stationary and mobile systems (> 200kW). This article presents the development of a low-power adaptation of an ARTIMO prototype, 
(<200kW) with low-cost criteria, which also allows for application to photovoltaic systems under 50kW to integrate FNCER systems in 
the market. The review of the state of the art, installation requirements, design and prototype testing carried out within the framework of 
the technological development project are presented. 
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Desarrollo de un sistema de gestión remota para grupos 
electrógenos, SAIs y sistemas fotovoltaicos de baja potencia 

(menores a 200kW) 
 

Resumen 
La diversificación de la matriz energética usando fuentes no convencionales y los requerimientos regulatorios de confiabilidad y seguridad 
demandan la gestión costo-eficiente de sistemas de generación comercial, residencial o industrial por debajo de 200kW. Existen diversos 
sistemas de gestión remota en el mercado incluyendo ARTIMO, solución de EQUITEL en Latinoamérica con aplicación en sistemas 
estacionarios y móviles de alta potencia (> 200kW). Este artículo presenta el desarrollo de un prototipo adaptado de ARTIMO, pero 
orientado a baja potencia (<200kW), con criterios de bajo costo, que permite además su uso en sistemas fotovoltaicos menores de 50kW 
con el fin de integrar sistemas FNCER en el mercado.  Se presentan la revisión de estado de la técnica, levantamiento requerimientos, 
diseño y ensayos del prototipo realizado en el marco del proyecto de desarrollo tecnológico. 
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1.  Introduction 
 
Although the Latin-American energy matrix has 

traditionally been hydraulic and thermal, several companies 
have begun to introduce Non-Conventional Renewable Sources 
(NCER) installed at lower capacities. Currently the installed 
capacity of centrally dispatched plants of the Colombian 
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National Grid (SIN) is 93% hydraulic and thermal generation, 
while 7% is made up of cogeneration, self-generators and wind 
power plants, among others, connected to the SIN. In total, the 
installed capacity in NCER (minor Hydro, Wind and Solar PV) 
amounts to 5% of the national SIN capacity. [1] 

Moreover, off-grid areas (ZNI in Spanish) which cover 51% 
of the country, have a approximate operational capacity of 



Cardona et al / Revista DYNA, 87(214), pp. 27-36, April - June, 2020. 

28 

227.439kW of which 6.787kW are NCER (values currently 
being updated according to [2]). The Institute for Planning and 
Promotion of Energy Solutions for ZNI (IPSE) currently 
monitors 81 stations ranging from 11.14 kW (Chocó) to 
28.783,7 kW (San Andrés). According to [3], the country has an 
approximate potential of 30 MW in wind energy, a multi-year 
average solar radiation of 4.5 kWh / m2 (mainly in La Guajira) 
as well as 448,706 TJ / year in biomass. Tax incentives proposed 
by Law 1715 of 2014 and the mechanisms of integration and 
sale of surplus NCRE energy in the SIN and ZNI (resolutions 
030 and 038 of 2018 of the Energy and Gas Regulation 
Commission - CREG, respectively) have incentivized the 
increase of installed capacity in these kinds of sources. 

The monitoring and management of backup systems or low-
capacity solar power generation is a strategic component for the 
development and operation of systems such as hospitals, hotels, 
banks, buildings, among others, and in general all entities 
dedicated to the maintenance of generation assets, given that in 
order to diagnose the condition of devices, an adequate 
measurement and orderly reporting of variables is necessary; 
additionally, it becomes a tool for planning (assessment of the 
condition) and execution of maintenance (post-maintenance 
assessment). The telemetry allows for the identification of 
inadequate operations in the plant or abrupt changes in demand, 
when deviations of the variables measured outside the standard 
conditions are seen and therefore, the need of actions that 
mitigate these deviations can be foreseen. 

Currently, most backup or small-scale solar power 
generation systems do not include telemetry equipment for 
monitoring, control and follow-up. When they have been 
installed, they represent a significant investment cost for the end 
users. This leads to the lack of real-time knowledge of the team's 
performance, associated with the following considerations: 
• Real-time lack of knowledge of the state of low-capacity 

solar generation and backup generation systems.  
• Imprecise knowledge of the amount of Electric power 

generated. Impossibility of remote intervention in backup 
and solar generation systems. 

• Difficulty in determining the precise location of damages 
that occur.  

• More resources and time consumed for the restoration of 
generation systems when outages occur. 
This project aims to develop a comprehensive and complete 

solution for the management and monitoring of backup systems 
or power generation performance at a very low cost, compared 
to current solutions currently available. Initially, the project 
contemplated the coverage of equipment such as: generators 
smaller than 200 kW, UPS, renewable resource-energy 
generation systems such as photovoltaics, with the capability of 
enabling functions for pumps, elevators and fire-control 
systems. 
 
1.1.  Technical oversight 

 
In [4], a monitoring system for grid-connected PV power 

systems is described. It allows for the measurement of 
environmental variables (temperature, wind speed, illumination, 

radiation intensity and altitude control), electrical variables in the 
set up (current, voltage and temperature) as well as inverter 
variables. The three main layers of the architecture are: sensor and 
actuator elements; PLC site monitoring and remote network 
diagnostics. 

Notable protocols include: Zigbee, for communication 
and control between the sensing and action layers, 
PROFIBUS-DP for distributed on-site control and GPRS 
for communication between the PLC and remote analysis 
layers. For failure analysis, the system uses a deviation-based 
process. Among the types of failure that can be reviewed with 
the help of systems such as this are: the appearance of 
bubbles, the discoloration of cells and the breaking of cable 
lines between cells. 

In [5], a voltage-monitoring system on the DC side (each 
of 4 panels arranged in series to 45V per panel) and current 
on the DC side (Up 9A) is described. The size of a voltage 
data set is the number of panels in the PV chain. For current 
measurement, a shunt resistor and a linear amplifier are used. 
Also, for voltage measurement, four voltage dividers are 
used. This measurement is performed with a sampling period 
ranging between every 15, 10 or 5 minutes. Fig. 1 shows its 
general architecture. 

For calculation of representative values of each panel 
between the set of panels the following simple equations are 
used: 
 

𝑣𝑣𝑃𝑃𝑃𝑃1 = 𝑣𝑣1 (1) 
𝑣𝑣𝑃𝑃𝑃𝑃2 = 𝑣𝑣2 − 𝑣𝑣1 (2) 
𝑣𝑣𝑃𝑃𝑃𝑃3 = 𝑣𝑣3 − 𝑣𝑣2 (3) 
𝑣𝑣𝑃𝑃𝑃𝑃4 = 𝑣𝑣4 − 𝑣𝑣3 (4) 

 
𝒗𝒗𝟏𝟏, 𝒗𝒗𝟐𝟐, 𝒗𝒗𝟑𝟑, 𝒗𝒗𝟒𝟒 are the voltages measured in each resistive 

divider. The failure analysis consists of detecting, during a 
day, if 𝒗𝒗𝑷𝑷𝑷𝑷𝑷𝑷 < (𝒎𝒎− ∆𝒗𝒗) frequently, then 𝑷𝑷𝑽𝑽𝒊𝒊  is in fault (m 
represents the average value of the measurement). 

The results of a project that designs and implements a 
system to monitor and control UPS, based on the Megatec 
protocols, optimized TCP / IP and Ethernet medium, are 
presented in [6]. 

 

 
Figure 1. Configuration of field installation for test in a real PV system. 
Source: Han, Jeong, Lee and Kim, 2017. 
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The model for monitoring the UPS system is based on 
embedded web servers, as well as device servers that receive 
and send information to the hardware interfaces. Finally, 
Web browsers and control web pages are used for the 
reception, data visualization and execution of user orders. 
Fig. 2 shows the client and server of UPS monitoring system. 

As it was possible to identify in the search that was carried 
out, the telemetry systems designed have hardware 
architectures and planimetries whose requirements are often 
based on properties of each generator system and not 
functional and aesthetic characteristics shared between the 
different backup systems: photovoltaic, gensets and UPS. 

To increase the acceleration of the energy transition and 
fulfill the task demanded by the critical path of a smart 
system present in the electricity sector, it is necessary to 
develop flexible telemetric systems available for prosumers 
of low nominal capacity. 
 
1.2.  Regulatory and standards and analysis 
 

In the following, two reference standards are identified 
and described. 
 
1.2.1.  IEEE 1547 

 
This standard refers to distributed resources (DR) 

connection in power systems. According to [7] the 1547.3 
standard chapter gives you a guide for the monitoring, 
information sharing and control of on-grid DR. 

Although guide authors said that “just power systems 
from 250kVA must be monitored”, relevant characteristics 
for any monitoring system are described, such as: 
a) General Information 
b) Characterization of a MIC system (monitoring, 

Interchanging and control) 
c) Parameters for monitoring 
d) Information interchange Scheme. 
e) Protocols 
Fig. 3 shows the reference diagram for data interchange. 
 
1.2.2.  RETIE update project – chapter 27.6.20 
 

Furthermore, the project to update the Technical 
Regulation of Electrical Installations-RETIE [8] includes in 
chapter 27.6.20 "Equipment for measuring electrical energy, 
including active energy meters, reactive energy meters, 
potential transformer (PT), current transformers (CT), 
enclosure cabinets. 

The elements used in the measurement of electrical 
energy must meet the requirements indicated in international 
technical standards, international recognition or applicable 
NTC, such as: IEC 61869-5, IEC 60044-3, NTC 2205, NTC 
2207, NTC 2147, NTC 4440, NTC 4052, NTC 4569, NTC 
5019, NTC 4540 and prove it by means of product 
compliance certificate, issued by an accredited certification 
body. The measurement equipment used in activities of the 
public electricity service must meet the requirements 
indicated in the Measurement Code issued by the CREG, 
according to the type and condition of measurement that is 

  
Figure 2. Structure of client and server of UPS monitor system.  
Source: Adapted from Fu and Zhang, 2013. 
 
 

 
Figure 3. Data interchange reference diagram.  
Source: Basso, 2012. 
 
 
required. The active and reactive energy meters, potential 
transformers and current transformers, in addition to product 
compliance, must have a calibration certificate. In the 
selection of measuring equipment and its installation, the 
environmental conditions of the particular location must be 
considered. 
 
1.2.3.  Off-grid monitoring regulation 
 

Monitoring activity in off-grid zones is regulated by 
Resolution CREG 161 of 2008. This resolution defines it as 
the "activity consisting of the information regarding the 
collection, administration and centralized processing of the 
quantity, quality and continuity information of the electric 
power generation service in the Non-Interconnected Zones, 
through equipment and information systems.” 

IPSE National Monitoring Center (CNM) is a mission 
area of the IPSE that performs fundamental activities for 
monitoring the provision of electric power service in the ZNI, 
helping the responsible entities to ensure the provision and 
quality of service to the users of said areas; It also provides 
timely information on electrical parameters for planning, 
decision making and the elaboration of structural energy 
solutions. 
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The IPSE answered to a CIDET’s request for 
information in document Radicado No. 20151600090631 of 
July 2015, in which it details the functions of the IPSE 
Center. 
• Information flow: Communication is developed through 

Satellite media with a 99.5% of availability.  
• Protocols: Variable depending on location and 

technology. 
• CNM Activities: Monitoring center must collect, 

monitor, validate and send generation information to 
public institutions such as: superintendence, net 
operator and Energy and Mining Ministry.  

 
1.3.  Current LAP Real Time Monitoring system 

 
The real time monitoring system developed by LAP for 

EQUITEL big gensets is called ARTIMO [10,12]. At this 
time, the ARTIMO platform focused on both stationary and 
mobile machines. It is composed of five main sections: 
Operation, Maintenance, Control Tower, Reports and 
Management. Table 1 describes the main functionalities of 
the sections. 

The ARTIMO (previously called RTD), allows to 
receive the ComAp control signals to be received from 
stationary and mobile Cummins Gensets (EQUITEL) and 
transmits them to the platform for remote management by 
ARTIMO team [10]. 

Although at least three monitoring systems were 
identified for Gensets or UPS or photovoltaic systems, a 
developed system was not identified in the review for the 
three types of systems nor oriented to low power. The Front 
End and Back-End sections of the ARTIMO platform 
present the possibility of integrating data reception of other 
types of low-capacity generator systems, as it is an intuitive 
design and has an equivalent and affordable language and 
protocol for the different types of system, an outstanding 
feature compared to currently known technologies, which 
presents designs oriented to a specific group of energy 
generation or backup technology. 
 
Table 1. 
ARTIMO current functionalities.  

Section Function 

Operation Visualization of location and route of monitored 
machines in a Google Map. 

Maintenance Evaluation of performance of different machine 
analog/digital variables. 

Control Tower 

Virtual space that centralizes the operation (alarms, 
alerts, events and tickets) of all assets monitored by 
the ARTIMO solution, with the aim of being 
managed by a group of technical experts who are 
24 hours a day, 7 days a week, ensuring availability 
and correct operation of assets. 

Reports 
Execution of special report to plant chief or 
executives, selecting some indicators and historic 
periods of variables. 

Management Security and general settings characteristics 
(clients, machines, groups) 

Source: The Authors. 
 
 

2.  Prototype development 
 

Protype development was carried out in the following 
phases: the identification of requirements, design and 
elaboration of both hardware and software. The following 
sub-section contains a description of these activities: 
 
2.1.  Updated requirements identification 

 
To fulfill the scope of the project, information was used from 

three sources: a) Design Thinking Workshop for UPS / PV 
systems, b) Master workshops with assessment by experts 
(Generating sets, PV). c) Technological Surveillance (for gensets, 
PV and UPS) (See Fig. 4). 

Starting with the training and structured workshops 
developed, some common variables of low power PV/UPS 
systems which could be measured through hardware required 
input ports designed for first prototype were identified. These 
include environment/panel surface temperatures and input 
irradiance. 

Additionally, front-end software requirements were identified 
for the platform to allow for monitoring and maintenance of 
photovoltaic systems. No needed changes were detected for 
current tabs and access control rules since new systems currently 
have the same asset management needs. The need for change in 
types of variables, alarms values and their visualization 
iconography for mentioned in the existing Maintenance and 
Report modules was identified. Table 2 shows recommended 
icons for visualization for these new variables. 
 
2.2.  Design and manufacturing of device  

 
Device manufacturing was iterative, based on different 

tests. Hardware for the first prototype was composed of three  
 
 

 
Figure 4. Components for updating prototype requirements 
Source: The Authors 
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requeriments 
Identification

Design 
Thinking 
PV/UPS 

Workshop. 
Expert

Expert 
Judgment  

(Gensets/PV)

Tech 
Survilliance/

Current 
ARTIMO HW 
requeriment

s



Cardona et al / Revista DYNA, 87(214), pp. 27-36, April - June, 2020. 

31 

Table 2. 
Visualization requirements for low power PV system variables. 

Variable Recommended Icon 

DC/AC Voltages/Currents 

Gauge display/XY display (adjusted 
variable according to frequency of 
sampling as is shown in the current 
maintenance Module) 

Temperature 
(Environmental/panel 
surface/UPS Batteries) 

Thermometer with a numerical value. 

Digital Variable Status 
(ON-active/OFF-inactive Digital pilot. 

Irradiance  Sun icon with a numerical value. 

Management Security and general settings 
characteristics (clients, machines, groups) 

Source: The Authors. 
 
 
terminal blocks for analog and digital signals along with a 
terminal block for DC/AC power supply and finally one for 
Modus Protocol (RS-232 or RS-485 inputs). Fig. 5 and Table 
3 show and describe the developed. 

In Fig. 5 a) the top side of the uncovered device is 
presented where the processor and communication signal 
adaptation board are visible; 5-b) shows the right-side view 
where Sim card, Wi-Fi Antenna and RJ-45 LAN ports are 
disposed. c) Top side of covered device, that shows the 
numbering and location of terminal blocks. (See Table 3) 

 
2.3.  Mobile app development  

 
Likewise, a mobile app for system management was 

designed and tested. The user could employ this application 
for getting into the same system that is on the ARTIMO web 
[10] and watching the state (value and dynamics) of the 
variables of any system-under-monitoring. This app was 
initially designed only for Android operating system. Fig. 6 
shows the mobile's desktop screen as well as sign-in screen 
shoots, list of variables and trend graphs in the application. 
 
 

 
a) 

 
b) 

 
c) 

Figure 5. Developed Prototype views:  a) Top board  b) Right Side  c) 
Terminal blocks identification. 
Source: The Authors. 

Table 3. 
Input description of monitoring device. 

Terminal 
Block  Correspondent Input 

Terminal 
Block 1 

AC Supply DC Supply 
Input 1 and 2: AC Voltages up to 500 Vac 

Terminal 
Block 2 

Line A RS485; Line B RS485; GND; RX; TX; GND Relay 
Output 1; Relay Output 2 

Terminal 
Block 3 Digital Inputs 1 to 4 

Terminal 
Block 4 Analog Inputs 1 to 3 (0-5 Vdc or 4-20mA) 

Source: The Authors. 
 
 

 
Figure 6. Prototype of designed app.  
Source: The Authors. 
 
 
3.  Field tests 
 

This section describes the test planning and execution 
processes, and the design and visualization of the report 
dashboards both for a genset and a photovoltaic system. 

 
3.1.  Test planning and execution 

 
Finally, the lab and field tests were developed for two 

different kind of generation systems of interest:  a genset 
diesel 250kW system located in the installations of 
EQUITEL in Mosquera, Cundinamarca [12] and a hybrid 
PV-Wind 1kWp system located in CIDET Laboratory in 
Ancon Sur, Sabaneta, Antioquia, both in Colombia. 

For both kind of systems, a test protocol was developed, 
which consists on the following activities:  
a) Firmware configuration test of the device according to the 

condition of the generator.  
b) Hardware device instrumentation test according to the 

condition of the generator.  
c) Connection test. 
d) Operation Test. 

In Table 4, the main characteristics of the genset in testing 
are described. Fig. 7 shows the prototype installed in the 
cabinet of a 250kW genset during data transmission. 
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Table 4.  
Technical data of genset system where the CAMKIT telemetry prototype 
was tested.  

System Manufacturer Module CM 
version 

Serial 
Number 

Engine Cummins QSL-9 G5 Stationary 36546311 
Electrical 
Plant Cummins C250 – D6 1 h16t038639 

Rules 
System Comap GEN220Vac24Vdc 

60Hz3P_RTM - - 

Source: The Authors 

Fig. 8 shows the ARTIMO web platform reporting engine 
speed and L1 line current variables data. As was observed,  
the transmission of the variables was reported in real time 
correctly during the day in the ignition, operation, off and 
stand-by modes. 

During the test it was also possible to verify the 
simultaneity between the data displayed in the application 
and those reported in the web platform. 

On the other hand, in Fig. 9, a scheme of the hybrid 
photovoltaic-wind system being tested is shown. Fig. 10 
presents the wiring diagram including the PV instrumentation 
sensors and the CAMKIT device while the instrumentation 
developed in the real hybrid generation system is presented 
in Fig. 11 
The temporal location of the telemetry device on the battery 
bank inside the enclosure, whose GPRS antenna is initially in 
vertical position. In this session, the following sensors were 
installed: ambient temperature, irradiance/panel temperature, 
DC current and DC voltage (before inverter), AC current and 
AC voltage (after inverter) as well as the wiring such as 
planned.  

Figure 7. CAMKIT device installed in the 250kW genset during data 
transmission.  
Source: The Authors. 

Figure 8. Engine speed and L1 current line of genset system during the test. 
Source: The Authors. 

Monitoring of data between the sensors and device, and 
between device and ARTIMO server was performed starting 
with the installation [10]. The transmission of the data fell 
between 1 and 3 hours approximately from the time it sarted 
(similar to a problem of intermittence that came up during the 
trial of the electrogene group), which meant less than 20% of 
day availability.  as well as a variable unexpected sampling 
rate in the platform. Likewise, a problem of unpredictable 
variation was identified. Finally, the firmware was modified 
in order to not store the data queue with each frame sent to 
the mobile network, solving the transmission fall situation. 

Also, it was discovered that changing the antenna angle 
solved the variable sampling rate problem as programed in 
the firmware. After several test sessions, it was observed that 
the CAMKIT system stays at the programmed sampling rate 
when the antenna is disposed in the horizontal plane, a 90° 
with respect to main axis of device, as long as it is more than 
20 cm from the metallic enclosure walls. 

In Fig. 12, the variables report shows a continuous 
transmission from January 06 to January 08-2019. There it is 
observed the daily dynamics of solar irradiance, its 
correlation with the temperatures as well as the AC Voltage 
and frequency variables in the inverter output, which are 
stable between 120/127 Vac and 59Hz and 61Hz throughout  

Figure 9. Scheme of hybrid generation system (PV-Wind) under which the 
telemetry prototype is tested. 
Source: The Authors. 
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Figure 10. Wiring diagram of PV-Wind system including the instrumentation with PV KIT sensors and CAMKIT device.  
Source: The Authors. 
 
 
the period of observation. Fig. 13 shows the bar and gauge 
diagrams which indicate the values of the variables of the PV 
system values in the platform in order to have a real time 
monitoring. 
 
3.2.  Platform reports 

 
Finally, a series of control panels were designed for 

allowing the plant managers and employees in charge of plant 
monitoring to have summary information about performance 
and output energy of telemetered systems. 

Fig. 14 shows an example of virtual control panel, in 
which the real accumulated data of main variables are 
reported relative to generator operation, such as operational 
hours, connectivity percentage, generated energy and 
average power, as well as other operational details. 
Additionally, Fig. 15 displays a preliminary control panel 
design delineated for photovoltaic systems.  

The procedure of integration of data into this reporting 
dashboard is currently in the testing process. 

 
4.  Conclusions 
 

It was possible to develop a telemetry system as a 
management and monitoring solution for the following 
backup or low capacity power generation systems: gensets, 
UPS and photovoltaic systems; This was done by performing  

a requirement survey, hardware, firmware and software 
development, and laboratory and field validation tests. 

To achieve the general objective, it was possible to adapt 
and create new modules in ARTIMO that allow users to 
manage and supervise their low capacity energy generation 
or backup systems [10]. This allows, through a versatile 
platform, to accelerate the introduction of enabling 
technology to leverage the IoT in the road map of an 
intelligent Colombian electrical sector. 
 
 

 
 
Figure 11. CAMKIT device installed in the enclosure of the photovoltaic 
hybrid system during transmission testing. 
Source: The Authors. 
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a) 

 

 
b) 

 
Figure 12. Variables data reported from January 06 to January 08 - 2019: a) Irradiance, Ambient Temperature and Panel Temperature.; b) Frequency and 
Voltage AC.  
Source: The Authors. 
 
 
• It was possible to verify through the test protocol 

performed at different input power voltages, the correct 
operation of the device up to the permissible limits power 
inputs limits. Thusly, the correct registration of each one 
of the states of the inputs and outputs recorded in the logs 
was validated. They were stored in the memory of the 
device during each test 

• It was possible to verify the correct transmission of data 
to the LAP server through the 3 different types of 
connectivity offered by the device (GSM / GPRS, 
ETHERNET and WIFI); in each of the tests it was 
possible to track the corresponding data frames, 
coherently with the state of the inputs and outputs of the 
device. 

• The configuration tests had a successful result using the 
two methods provided in the prototype (LAN 
configuration using ETHERNET and via Wi-Fi), in all 
the tests the correct sending of the configuration file from 
the software destined for this purpose has been verified. 
The corresponding reception in the device has also been 
checked. 

• The device approves the protocols that validate its general 
operation by means of the proposed conditions in its 
design. 

• It was possible to verify the expected behavior of 
analogue, digital, and MODBUS inputs both in its 
acquisition by the device and in its correct transmission 
to the LAP Technologies server, as well as the correct 
registration of the data on the ARTIMO platform and its 
proper presentation on this platform [10]. 

 
 

 
Figure 13. Virtual control panel with main PV system variables.  
Source: The Authors. 

• It was possible to verify the correct visualization of 
variables monitored through the prototype created for the 
project within the ARTIMO platform [10]. By means of 
a trend graph it was possible to immediately verify the 
changes of magnitudes and states of each one of the 
variables acquired within the last 6 hours; in the same way 
it is possible to perform a historical query that allows to 
review trends much broader trends.  

• Graphic indicators can be read in an easy and intuitive 
way if the real-time value of each of the variables is 
within the admissible limits or is within values for 
revision or failure. 

• The generation of events was verified based on changes 
in the state of the device variables, as well as the 
functionality of managing each of these events, 
generating alerts, closures or necessary changes. 

• Additionally, it has been possible to verify the correct 
development of an application for Android mobile 
devices that accounts for the correct treatment of the 
variables monitored through the prototype created for the 
project. 

 
 

 
Figure 14. Report control panel for a genset.  
Source: The Authors. 



Cardona et al / Revista DYNA, 87(214), pp. 27-36, April - June, 2020. 

35 

 
Figure 15. Report dashboard for a photovoltaic system.   
Source: The Authors. 
 
 
• It was possible to corroborate the correct linkage and 

parallel operation of the mobile application with the 
ARTIMO platform, all the information between the web 
platform and the mobile platform agrees and is consistent 
with the operation of the device. [10]. 

• Two field testing and instrumentation tests were carried 
out on the CAMKIT telemetry prototype: one in a 250kW 
generator set in Cummins de los Andes, Mosquera, 
Cundinamarca and another in a hybrid PV-Wind 
generation system of 1kWp in CIDET Laboratory of 
Sabaneta, Antioquia. 

• The Front End could be evaluated correctly according to 
the design parameters of this, and from an external access 
to LAP Technologies, as are the user credentials assigned 
to CIDET. 

• During the testings in Mosquera, using the gen-set as test 
system, the correct report of the test variables could be 
evidenced: Motor speed (rpm), phase current L1. (A), 
Battery Voltage (V) and Coolant Temperature (° C). 

• During the days of remote monitoring of the photovoltaic 
system tests in the CIDET Laboratory, it was possible to 
demonstrate the correct report to the ARTIMO platform 
of the following variables: Irradiance (W / m2), Panel 
temperature (° C), Ambient temperature (° C), DC current 
of solar panel and AC current of the inverter. 

• It was possible to correct the intermittence of 
communication and the instability in the sampling rate, 
making a firmware update and optimally locating the 
antenna, thus being monitored permanently from 
December 13 - 2018 (date of the test in the PV-Wind 
system) to presentation date of this article. 

• Issues were clearly identified in both tests which will 
allow for feedback the CAMKIT monitoring product 
manufacturing in terms of hardware, firmware and 
software. 

• Finally it was possible to move forward in the level of 
technological readiness of the system, due to the fact that 
the gaps identified in the introduction of this document 
were impacted: Situational awareness is increased in real 

time in the state of the backup generation systems and low 
capacity solar generation, which allows the optimization 
of resources and time for the restoration of generation 
systems in the event of failure. 

 
Acknowledgments 
 

This project was executed by LAP TECHNOLOGIES 
[11] and CIDET [13], with the support of Grupo Invertrónica 
and founded by Colciencias and Ruta N in the framework of 
the solicitation/bidding 991-2017 for the solution of business 
challenges based on energy solutions. The authors thank all 
the sponsors and interested parties for their support and 
facilitation during its execution. 

 
References 
 
[1] XM. Paratec., Parámetros Técnicos en Línea, [online]. 2018 [date of 

reference Oct 08th of 2018]. Available at: http://paratec.xm.com.co/ 
paratec/SitePages/generacion.aspx?q=capacidad 

[2] IPSE. Estadísticas 2018. [online]. [date of reference Oct 08th of 2018]. 
Available at: http://190.216.196.84/cnm/imag.php?v1=1.png. 

[3] UPME.  Integración de las energías renovables no convencionales en 
Colombia, México, CONVENIO ATN/FM-12825-CO, Bogotá, 
[online]. 2015. Available at: http://www1.upme.gov.co/Demanda 
Energetica/INTEGRACION_ENERGIAS_RENOVANLES_WEB.pdf  

[4] Xiaoli, X., Tao, C. and Yunbo, Z., Condition monitoring and diagnosis 
for grid-connected photovoltaic power system. Proceedings of 11th 
IEEE International Conference on Electronic Measurement & 
Instruments, 2013, pp. 807-811. DOI: 10.1109/ICEMI.2013.6743132. 

[5] Han, J., Jeong, J.D., Lee, I. and Kim, S.H., Low-cost monitoring of 
photovoltaic systems at panel level in residential homes based on 
power line communication. IEEE Transactions on Consumer 
Electronics, 63(4), pp. 435-441, 2017. DOI: 10.1109/tce.2017.015074. 

[6] Fu, L. and Zhang, B., The design and implementation of a UPS monitor 
and control system. Proceedings of 2011 International Conference on 
Computer Science and Network Technology, 2013, pp. 1322-1325. 
DOI: 10.1109/ICCSNT.2011.6182204  

[7] CIER. Guía para el uso de la Norma IEEE 1547, Montevideo, [online]. 
2016. Available at: http://www.cier.org/es-uy/Lists/Informes/ 
Resumen%20IEEE%201547%20VF%202016.pdf  

[8] Ministerio de Minas y Energía. Borrador del proyecto de Reglamento 
Técnico de Instalaciones Eléctricas- RETIE, [online]. 2018, Available 
at: https://www.minenergia.gov.co/retie [Accessed 14 Feb. 2019] 

[9] Basso, T., Existing interconnection requirements: 1547 
interconnection standards update. Proceedings of Inverter Based 
Generation Power System Performance Needs Workshop. Co-hosted 
by PJM, NREL and EPRI. [online]. 2012. Available at: 
http://mydocs.epri.com/docs/publicmeetingmaterials/4-17-2012/11-
IEEE-1547-and-1547-8-Update_Tom-Basso.pdf 

[10] ÁRTIMO. ÁRTIMO. [online] 2019. [Accessed Feb. 14th of 2019]. 
Available at: http://www.artimo.com.co/   

[11] LAP TECHNOLOGIES. Inicio. [online]. 2019. [Accessed Feb. 14th of 
2019]. Available: http://www.laptechnologies.com.co/   

[12] Organización Equitel. INICIO. [online]. 2019. [Accessed Feb. 14th of 
2019]. Available: http://www.equitel.com.co/   

[13] Cidet.org.co. CIDET - Centro de Innovación y Desarrollo Tecnológico 
del Sector Electrico. [online]. 2019. [Accessed Feb. 14th of 2019]. 
Available: http://www.cidet.org.co/   
 
 

J.M. Cardona, received the BSc. Egineering in Electronic and 
Telecomunications in 1996, from the Universidad del Cauca in Popayán, 
Colombia and has additional studies in Technology Information Systems, 
Strategy Management, Finance and Corporate Management. During his 
professional career, he has worked in telecommunications, logistics and 
energy industries. He has been entrepreneur since 2003, developed and 
register different technology innovations in Spectrum Management 



Cardona et al / Revista DYNA, 87(214), pp. 27-36, April - June, 2020.

36 

Solutions, Telecommunications Network planning and supported different 
research projects where technology merges with different fields such as 
hardware, firmware, software development, cloud computing, business 
intelligence, artificial intelligence and others; to create new solutions that 
improve the productivity of the companies. He is the general manager of 
LAP Technologies.  
ORCID: 0000-0001-8019-6581 

J.D. Delgado, received the BSc. Engineering in Mechatronic Engineering
from the Universidad Nacional de Colombia. He has worked as Product
Manager in the company Lap Technologies since 2015, and is responsible
for the roadmap of the product ARTIMO in its stationary vertical.
ORCID: 0000-0001-6043-7309 

D. Chica Velásquez, received the BSc. Eng. in Control Engineering in 2010, 
and the MSc. of Engineering – Industrial Automation in 2012, all of them
from the Universidad Nacional de Colombia. From 2010 to 2013, he has
worked for the Applied Technologies Research Group, modelling
engineering systems for diverse multi-latin companies in the power and
home appliance sectors. Certified as PMP since 2013, he is currently
working for the Innovation and Technology Development Center -CIDET in 
projects formulation and management, mostly focused on design and
implementation of renewables energies technologies.
ORCID: 0000-0001-6583-8988 

mailto:ingelcontro_med@unal.edu.co


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 1200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 1200

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [4000 4000]

  /PageSize [612.000 792.000]

>> setpagedevice



