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Abstract: The Colombian Navy requires electro-optical systems for its Remote Weapon Stations
(RWS), which are essential in defense and security operations. Currently, reliance on foreign suppliers
increases the cost of these systems and complicates technical support. Given the previous success
of CEDNAYV in manufacturing low-caliber RWS installed on vessels built by COTECMAR, there is
now a growing need to develop electro-optical systems locally. Such an initiative could enhance
operational efficiency, reduce costs, and promote technological independence. This article examines
the advantages and challenges of this development, aiming to strengthen national defense capabilities
and foster social and economic growth.

Keywords: Electro-optical; Remote Weapon Stations; Colombian Navy; Technological independence;
Military development

Resumen: La Armada Nacional de Colombia necesita sistemas electro-6pticos para sus estaciones de
armas remotas (RWS), esenciales en operaciones de defensa y seguridad. Actualmente, la dependencia
de proveedores extranjeros encarece estos sistemas y dificulta el soporte técnico. Dado el éxito previo
en la fabricacién de RWS de bajo calibre por parte de CEDNAV que se instalan en los buques
fabricados por COTECMAR, surge la necesidad de desarrollar localmente sistemas electro-6pticos, lo
cual podria mejorar la eficiencia operacional, reducir costos y fomentar la independencia tecnolégica.
Este articulo analiza las ventajas y desafios de este desarrollo, con miras a fortalecer la capacidad de
defensa y el crecimiento social y econémico nacional.

Palabras clave: Electro-6pticos; Estaciones de Armas Remotas; Armada Nacional de Colombia;
Independencia tecnolégica; desarrollo militar
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1. Introdution

The Colombian Navy, in carrying out naval operations for national defense, security,
and the protection of maritime and riverine interests, requires electro-optical systems for its
afloat units. These systems enable surveillance, monitoring, and target designation tasks
for both existing and developing Remote Weapon Stations (RWS).

Currently, the development of electro-optical systems is entirely dependent on foreign
manufacturers. This type of technology is expensive, not only in terms of initial acquisition
but also for technical support and post-sale maintenance services provided by foreign
companies are often inefficient. Furthermore, none of these manufacturers have repair or
maintenance workshops for electro-optical systems in Colombia.

Considering that low-caliber RWS have previously been manufactured in Colombia
by the Naval Technological Development Center (CEDNAYV), and that similar projects are
currently being developed for installation aboard new vessels produced by COTECMAR, it
becomes essential to identify the advantages of complementing these efforts with locally
developed electro-optical systems. At present, an electro-optical device suitable for this
type of application (RWS of 12.7 mm and 25 mm calibers) is estimated to cost around USD
200,000. It is an indispensable component that can only be purchased abroad adding to the
aforementioned issues related to poor technical support and maintenance services.

Technological evolution in the military field has been a determining factor in countries’
defense capabilities, especially in the face of increasingly complex and diverse threats, such
as the ongoing conflicts between Russia and Ukraine, and between Israel and Palestine.
For this reason, the design and development of electro-optical systems for the Colombian
Navy’s Remote Weapon Stations emerge as a highly relevant topic. These systems play
a crucial role in detecting, identifying, and neutralizing potential threats, as well as in
protecting strategic resources and ensuring civilian security.

[11] conducted a study indicating that the main factor driving the growth of the remote
weapon station and electro-optical system market is the increasing military expenditure
aimed at innovating and developing robust weapon systems to revolutionize defense forces
worldwide. Furthermore, the study notes that in Latin American countries, there is a
growing trend toward the adoption of such technologies within naval and land warfare
sectors.

However, despite their importance, questions remain about the efficiency, techno-
logical innovation, and socio-economic contributions of these systems. In this sense, it
becomes necessary to conduct an analysis to understand the advantages and implications
of designing and developing electro-optical systems for the Colombian Navy’s Remote
Weapon Stations allowing an assessment of whether this scientific endeavor is worthwhile
and whether it could lead to the desired technological independence from foreign man-
ufacturers. Such development could enhance naval operational efficiency, reduce mean
time between failures, create employment opportunities, and boost national industrial
production both within the GSED (Governmental Social and Enterprise of Defense) and
among private companies supporting the defense sector.

This article aims to address these issues by formulating a problem statement that
identifies the strengths and weaknesses of the current state and national industry related
to these systems, as well as their contribution to national defense capabilities and to the
country’s military, social, and economic development. Understanding these aspects will
make it possible to determine the advantages and disadvantages that this type of design
and development may represent for Colombia.

Therefore, this article positions itself at the intersection of technology, national security,
and economic development, offering a unique opportunity to understand how the design
and development of electro-optical systems for the Colombian Navy’s Remote Weapon
Stations can contribute to building a safer, more innovative, and more prosperous nation.
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2. Current state of the design and development of electro-optical systems for remote
weapon stations applicable to the Colombian Navy’s developments

An electro-optical system (EOS) is an imaging system used for military or law-
enforcement applications that includes sensors operating in the visible and infrared bands.
These systems provide comprehensive situational awareness by day and night, and under
low-light conditions [4]. In the defense industry, they are typically employed alongside
low-caliber direct-fire Remote Weapon Stations (RWS) and integrated into fire control
systems and combat management systems.

A common accessory to an electro-optical suite is a motorized, two-axis (or multi-axis)
self stabilized platform [13]. However, for the RWS platforms developed by the Naval
Technological Development Center of the Colombian Navy, either of the two subsystems
may be used. In line with this, the present review will survey the state of the art of
non-motorized electro-optical systems, which fall within the scope and objectives of this
article.

Since 1958, object detection probability in optical system imagery has been quantified
using the metric framework proposed by researcher John Johnson. Although often debated,
Johnson'’s criteria remain in use to define thresholds for detection, recognition, and identi-
fication of objects. The theory posits a 50% probability of discriminating an object based
on a minimum number of pixels in an image, regardless of the sensor technology—i.e., it
applies to daylight cameras (CCD) [22] as well as to infrared night-vision cameras. Another
relevant standard is NATO STANAG 4347 (in force since 1995), which refines the detection,
recognition, and identification (DRI) concepts by increasing the required probabilities of
discrimination for targets of interest [17].

Based on these definitions, any EOS design and development proposed in Colombia for
the Navy’s RWS must account for recognition and identification classifications regardless
of the underlying technology. Otherwise, it would fail to comply with prevailing standards
and could not be competitive in international military and commercial contexts.

Electro-optical sensors are those that, through images or video, enable the detection,
identification, and tracking of a target of interest [4]. Within the electromagnetic spectrum,
these sensors operate in the visible light range perceivable by the human eye (400 nm to 700
nm). Examples include cameras found in cell phones, computers, tablets, or the daylight
cameras of closed-circuit television systems.

In the infrared spectrum, there are four operational sub-bands: Near Infrared (NIR),
Long Wave Infrared (LWIR), Medium Wave Infrared (MWIR), and Shortwave Infrared
(SWIR) [8]. Infrared cameras operating in the lower band, up to 2.5 microns, are commonly
used in night vision devices and light-intensifying lenses. Applications in the mid and
upper bands, on the other hand, require detectors with cryogenic coolers that lower the
detector’s temperature to ensure proper image transformation [10]. For this reason, these
mid- and long-wave bands are generally selected for naval applications and, specifically
in this study, are the ones optimized for the RWS developed in Colombia (see Figure 1).
However, these technologies currently face a major limitation: their electronic systems,
especially the cryogenic ones, have a service life of approximately 4,000 operating hours.
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Figure 1. RWS developed by Colombia, Barracuda Shooting System.

Laser rangefinders are COTS devices with military-grade specifications authorized
by NATO (1995). They use laser light at eye-safe wavelengths (1540 nm, Class 1) and are
available from multiple manufacturers in a variety of models according to their measure-
ment range. Most of these devices include communication protocols that allow integration
with electro-optical assemblies. For Colombian RWS platforms, electro-optical systems
are required to include rangefinders with this technology and a maximum range of 10 km,
considering that the maximum firing range of 25 mm RWS cannons is approximately 7 km.

In 2005, the Spanish company INDRA established a maintenance department for
optical equipment. Two years later, having gained experience and received specialized
training from various manufacturers, laboratories, and testing centers, the company pro-
duced its first electro-optical system in 2017, based on the integration of electronic and
optical components. To date, INDRA offers a wide range of electro-optical products,
performs maintenance on its own systems, and is certified to repair systems from other
manufacturers.

In 2017, the global remote weapon station market was valued at USD 7.67 billion,
with projections to reach USD 14.42 billion by 2023 [15]. Companies competing in the
RWS market seek to offer the most attractive features for a wide range of customers,
such as support for multiple weapon types and calibers, automatic stabilization, single or
multi-weapon configurations, modularity, rapid reconfiguration (weapon/sensor), ease of
integration, user-friendly operation, and simplified training.

The development and commercialization of military electro-optical systems were
severely affected in 2022 by the COVID-19 pandemic, which disrupted the supply chain
of electronic components. As a result, several manufacturers reduced production levels.
However, the pandemic also reaffirmed the need for these technologies and accelerated
the push toward developing more efficient systems for all combat scenarios and dual-use
applications.

A study conducted by [10] on military electro-optical and infrared systems for portable
applications, vehicles, and RWS platforms forecasts the global market through 2031, based
on data from companies such as Leonardo, BAE Systems, Thales, Teledyne FLIR, and
L3Harris. The study predicts that Latin America will experience a 67.5% increase in the
adoption of electro-optical systems for military applications over the next decade compared
to 2017 levels.



OnBoard Knowledge Journal 2025, 2, 3

50f11

3. Characteristics of electro-optical systems for naval Remote Weapon Stations (RWS)
and their respective capabilities, including their contribution to surveillance, detection,
and threat deterrence

3.1. Modern applications in ship design and development

The development of new warships has been driven by the need to integrate essential
sensors such as radars. However, the growing trend toward incorporating advanced electro-
optical systems has complemented naval platforms, ensuring they remain at the forefront
of technology. Shipyards have adopted innovative approaches to vessel design, seeking
to maximize the efficiency of electro-optical systems onboard. The integration of these
systems is essential not only for improving the accuracy of fire control systems but also for
enhancing surveillance, target acquisition, and defensive capabilities in complex maritime
environments.

The ability to operate effectively in challenging maritime conditions, where weather
and vessel movement present constant obstacles, has encouraged ship designers to develop
technologies that stabilize and optimize onboard electro-optical systems. Furthermore, the
incorporation of laser technologies, artificial intelligence, and optronics in modern ships
enables improved weapon control and greater efficiency in naval combat. In this way,
electro-optical systems not only enhance the operational capacity of ships but also ensure
that navies maintain a tactical advantage in an increasingly competitive maritime domain
(Pagonis, 2024).

3.2. Current trends and tactical uses of electro-optical systems in the Russia—Ukraine war

The war in Ukraine has provided a unique scenario for assessing current trends in the
use of electro-optical systems and their application in weapon systems. Both Ukrainian and
Russian armed forces have integrated advanced electro-optical systems into their tactical
and operational outcomes, highlighting the crucial role these technologies play in modern
warfare. In particular, weapon systems equipped with electro-optics have been used to
carry out precise and controlled strikes, even under challenging conditions.

This conflict has seen extensive use of drones and unmanned aerial vehicles equipped
with electro-optical sensors, allowing operators to obtain real-time information from the
battlefield [5]. This not only facilitates target acquisition and tracking but also enables
more accurate artillery fire adjustment, Remote Weapon Station (RWS) assignment, and
missile targeting. These trends suggest that electro-optical systems will become increasingly
fundamental in future conflicts, where image-based observation technologies are essential
for target confirmation and operational precision is critical to combat success.

3.3. Laser technologies and the increased precision of electro-optical systems

Laser technologies have revolutionized electro-optical systems, providing advanced
capabilities to enhance the accuracy of fire control operations. The use of lasers in these sys-
tems enables detection, tracking, and engagement of targets with unprecedented precision
[1]. In recent years, new laser developments have been incorporated into electro-optical sys-
tems, significantly improving target aiming and designation capabilities and thus increasing
performance in combat situations. This is especially relevant in the naval domain, where
fire control systems rely heavily on precision to ensure operational effectiveness. These
advances allow operators to acquire targets faster and with greater accuracy, increasing the
probability of success in combat scenarios.

3.4. The use of electro-optical systems in target tracking

Accurate target tracking is essential for the effectiveness of fire control systems, par-
ticularly in maritime environments where target speed and dynamic sea conditions can
complicate operations. Electro-optical systems have proven to be indispensable tools for
target tracking, improving both accuracy and acquisition speed. These systems enable
operators to track targets in real time, adjusting weapon fire according to target movement
[21].
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The integration of electro-optical systems into Remote Weapon Stations (RWS) aboard
naval platforms has made it possible to overcome the challenges posed by adverse maritime
conditions. Through the use of stabilization technologies and advanced fire-prediction
algorithms, electro-optical systems can effectively track targets even while the vessel is in
motion. This capability is vital for enhancing weapon system effectiveness, optimizing
ammunition use, and ensuring that targets are accurately engaged minimizing the risk of
collateral damage.

3.5. Challenges in image delay prediction and compensation

One of the most significant challenges in electro-optical systems is the prediction and
compensation of image delays. Optronic imaging systems, particularly those operating
in dynamic environments such as the sea, often experience latency in the transmission
of visual information, regardless of whether the transfer medium is analog or digital
[20]. These delays can affect an operator’s ability to track and engage targets accurately.
Consequently, advanced algorithms and technologies have been developed to predict target
movement and compensate for such delays, ensuring that the fire control system operates
effectively and can always anticipate the future position of targets of interest, allowing
RWS platforms to guarantee accurate impact on the target.

3.6. Stabilization of electro-optical systems at sea

Image stabilization is a critical aspect of electro-optical systems on naval platforms.
The constant motion of the vessel, caused by sea conditions, can hinder the system’s ability
to maintain precise target tracking. Without proper stabilization, the captured images may
appear blurred or distorted, compromising target designation and fire control accuracy
within the RWS.

To mitigate these effects, modern image stabilization systems employ advanced gyro-
scopes and motion-compensation software. These technologies allow operators to maintain
a clear and stable view of the target even in rough sea conditions. Effective stabiliza-
tion is essential to ensure that weapon systems operate with maximum accuracy, thereby
increasing the overall effectiveness of naval operations [12].

3.7. Artificial intelligence in target detection and classification

A growing trend in electro-optical systems is the use of artificial intelligence (AI)
to enhance target detection and classification. Al algorithms can analyze vast amounts
of data in real time, enabling more efficient identification and prioritization of threats.
This is particularly useful in complex environments where multiple threats may appear
simultaneously.

Al also helps reduce the cognitive workload of operators by automating the processes
of target detection and classification. Through the use of machine learning algorithms,
these systems can improve their ability to identify patterns and predict enemy behavior,
providing a significant advantage in combat [9]. In the case of the Colombian Navy’s coastal
missions, the proper application of Al-based image processing can support all operations
involving electro-optical systems installed on RWS platforms, such as counter-narcotics
efforts, anti-piracy operations, illegal fishing control, smuggling prevention, and especially
search and rescue missions at sea.

3.8. Countermeasures to protect electro-optical systems

Given the importance of these systems, it is crucial to implement countermeasures to
protect electro-optical equipment from potential vulnerabilities. As these systems become
increasingly vital for weapon control, they also become potential targets for enemy interfer-
ence. Countermeasures such as masking and electronic jamming are essential to ensure

that electro-optical systems continue to function effectively, even in hostile environments
[14].
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4. Socioeconomic effects of investment in R&D&I for electro-optical systems: job
creation, public policy, technological independence, and competitiveness in the global
market

4.1. The influence of public policy on R&D&I investment

Incorporating cutting-edge technological developments into national defense policies
is essential for Latin American developing countries to close the knowledge gap with more
advanced nations. By integrating technologies such as artificial intelligence, cyber defense
systems, electro-optical development, and robotics, these countries not only enhance their
defense capabilities but also strengthen their local technology industries, fostering inno-
vation and economic growth. This strategy promotes greater technological independence
and reduces reliance on foreign suppliers, thereby reinforcing national sovereignty. More-
over, investment in defense-related technology yields cross-sector benefits in areas such as
education and industry, driving development and positioning these nations on the global
innovation map [18].

African and Arab countries have leveraged current oil revenues to boost investment
in research, development, and innovation (R&Dé&I), recognizing that dependence on hy-
drocarbons is unsustainable in the long term. They have allocated oil-derived funds to
strengthen emerging technological sectors such as artificial intelligence, renewable energy,
biotechnology, and optronic system development. This approach aims to ensure future
self-sufficiency and independence by diversifying their economies and preparing for a
post-oil world. Through investment in R&D&I, these countries are laying the foundation for
a transition toward more resilient economies that are less dependent on natural resources

[3].

4.2. Examples of investment in R&D&!I for defense, self-sufficiency, and economic diversification

Since 2005, China has significantly increased its defense investment, reaching a budget
of USD 232 billion in 2024. This growth is driven by the need to modernize its armed
forces, strengthen its geopolitical position, and respond to emerging security challenges.
However, maintaining such exponential growth could be unsustainable in the long term if
not supported by complementary strategies involving public policy, industrial develop-
ment, and, most importantly, strong investment in research, development, and innovation
(R&D&I). By integrating these elements, China not only ensures a technologically advanced
defense sector but also promotes self-sufficiency and economic diversification, mitigating
the financial and strategic risks associated with its increasing defense expenditure [6].

Indonesia has been a success story over the past decade, having embraced the chal-
lenge of investing in defense related research, development, and innovation, thereby
avoiding dependence on foreign suppliers. Following the quintuple helix model, which in-
tegrates government, industry, academia, civil society, and the armed forces, Indonesia has
strengthened its technological and military capacity. Drawing inspiration from countries
such as India and Brazil, it has promoted collaboration among these sectors to generate
local solutions. This strategy has allowed Indonesia to develop its defense industry, create
jobs, and move toward self-sufficiency ensuring greater national security and positioning
itself as a regional benchmark in Southeast Asia [23].

Russia, thanks to its advanced technological developments and sustained defense
investments, has demonstrated the ability to sustain a prolonged war, such as the invasion
of Ukraine, without relying on other countries. In 2023, Russia allocated 25% of its Gross
Domestic Product (GDP) to defense, and by 2024, this investment is expected to increase
to 40%. This expansion will proportionally boost research and development funding,
further strengthening its military and technological capabilities. Russia has prioritized key
areas such as artificial intelligence, electro-optical system development, robotics, and cyber
defense systems, ensuring strategic self-sufficiency. Comparative analyses of economic
investment show that Russia is among the world’s top five countries leading in science and
technology investment for defense, reinforcing its capacity to sustain long-term conflicts

[2].
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Israel is one of the countries that invests most heavily in research and development
(R&D) for defense, surpassing many Asian and European nations. This public policy of
defense-oriented investment not only enhances national security but also generates a cycle
of economic growth. The investment drives industrial production lines, creates specialized
jobs, and fosters collaboration with academic institutions. This approach strengthens
technological innovation, which in turn benefits both the military and civilian industries,
boosting Israel’s international competitiveness. Thus, the R&D investment strategy has
become a key pillar for the country’s economic growth and long-term stability [16].

4.3. Technological trends in electro-optical systems

A study conducted in Portugal, focused on the manufacturing of high-quality electro-
optical systems supported by production control software, serves as a clear example of the
global trend toward investing in advanced technologies. This approach not only optimizes
manufacturing processes but also ensures precision and efficiency in the production of
critical systems. Countries such as Portugal are adopting these technologies to enhance their
competitiveness in strategic sectors, reflecting the growing global interest in technological
innovations that strengthen industry and reduce external dependence [19].

A report published by Site-Direct-Research And Develop (SDRD) confirmed that, after
20 years of design and development, electro-optical systems have become one of the most
effective solutions in the military field. These systems provide unprecedented precision
and surveillance capabilities, serving as a crucial complement to defense systems across air,
land, and sea domains. Their integration into military platforms enhances threat detection
and increases operational effectiveness, making them indispensable tools for modern armed
forces by boosting their responsiveness in complex and dynamic environments [7].

5. Conclusions

Designing, developing, and innovating in electro-optical technologies over the past
two decades has proven to generate a key competitive advantage in the global defense
and security arena. Military applications employing these technologies have grown signif-
icantly due to their detection, recognition, and identification capabilities under multiple
conditions and across various operational domains. Defense companies are increasingly
innovating to offer versatile, modular, and high-precision systems, while the industry
has also incorporated these dual-use technologies into production processes to enhance
efficiency and quality.

Colombia, having already developed Remote Weapon Stations (RWS), must now focus
on complementing its technological capacity with the design and development of its own
electro-optical systems. This will not only ensure technological independence but also
enable self-sufficiency in the maintenance and improvement of its naval RWS platforms,
aligning with international standards.

Producing electro-optical systems in Colombia would foster the creation of a domestic
industry, generating employment and self-sustainability in the defense sector. Moreover,
it would allow these technologies to be leveraged in dual-use civilian applications and
improve the efficiency of equipment maintenance and support, thereby strengthening both
national defense capability and the economy. A current example of the use of electro-
optical systems is the Russia—Ukraine war, particularly in challenging environments. The
ability of these systems to provide detailed imagery has enabled greater precision in target
acquisition and engagement, optimizing artillery and missile operations. This underscores
their value in modern military operations, where visual observation is key to tactical
success.

Electro-optical systems continue to evolve through the incorporation of technologies
such as artificial intelligence and cybersecurity. These innovations enhance automatic threat
detection and classification, increase operational efficiency, and reduce the cognitive work-
load on operators. Additionally, resilience against vulnerabilities and countermeasures is
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essential to protect these systems from external interference, ensuring operational reliability
in hostile environments and improving battlefield effectiveness.

Despite advances in electro-optical systems, naval platforms still face significant
challenges, such as stabilization under adverse maritime conditions, real-time image trans-
mission without delay, and the reduction of data-processing latency. Addressing these
issues is essential to maximize the effectiveness of the Remote Weapon Stations (RWS)
developed in Colombia, ensuring optimal performance at sea and improving response
capability against threats.

Public policies that promote research, development, and innovation (R&Dé&I) strengthen
a nation’s ability to achieve technological progress. This approach enables the integration
of cutting-edge technologies into key sectors such as defense, enhancing technological
independence and fostering global competitiveness. It also stimulates economic growth by
creating new opportunities in science and technology, allowing countries to close the gap
with more developed nations and eventually complement their industrial and productive
sectors with dual-use technologies initially driven by defense advancements.

Countries that allocate a significant proportion of their Gross Domestic Product
(GDP) to R&D&I, particularly in defense, have achieved technological and economic
self-sufficiency. Examples such as the United States, China, India, Russia, Israel, and, to a
lesser extent, Indonesia and Brazil, demonstrate how sustained investment in these areas
has led to the development of indigenous capabilities, reduced external dependence, and
ensured long-term stability while strengthening their geopolitical and military positions.

The development of indigenous electro-optical systems in Colombia could yield
multiple social and economic benefits. This initiative would promote the creation of
specialized employment, enhance technological independence, and position the country as
a competitive player in the global market. Furthermore, it would foster local capability-
building, reduce dependence on imported technology, and contribute to national security
through systems specifically tailored to Colombia’s operational needs.
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