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ARTICLE INFO ABSTRACT

Article History: This article provides an in- depth analysis of the space surveillance and

) monitoring systems employed by leading countries, focusing on their design
Recc.elved 13 September 2025 principles, technologies, and operational strategies. It begins with a
Revised 13 October 2025 comprehensive review of the major space surveillance capabilities of the United
Accepted 02 November 2025 States, China, Russia, and the European Union, highlighting the unique features
Available Online 03 November 2025 and approaches each adopts. The United States operates a vast and sophisticated
network that integrates multiband phased array radars with advanced optical
telescopes. This combined system delivers comprehensive global coverage,

Keywords: enabling effective tracking and monitoring of objects in space across various
Space surveillance systems orbits. China, meanwhile, has made significant strides by concentrating on large
Architecture optical telescopes and establishing regional optical networks. This approach has
Space-based technologies particularly enhanced China’s ability to monitor geostationary (GEO) orbits,
Space object tracking which are critical for communication and surveillance satellites. Russia
Space traffic management continues to rely on its extensive legacy of Soviet-era radar infrastructure, which

it supplements with modern technological upgrades to maintain effective space
situational awareness. The European Union pursues a different strategy, focusing
on scientific research and commercial applications. By integrating optical and
radar sensors within a multinational network, the EU seeks to balance diverse
objectives through collaboration among member states. Drawing on these
international examples, the article proposes an indigenous space surveillance
system tailored to Iran’s needs. This proposed system features a combination of
ground-based and space- based sensors, including phased array radars and
telescopes equipped with adaptive optics for improved accuracy. Additionally, it
incorporates advanced data processing infrastructure to manage and analyze the
collected information efficiently.
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Table 1. Comparison of leading countries in the field of space monitoring and surveillance.

. . Core
Technology Operational System Geographical
oy RO Level Focus Integration Distribution Technology (Chal o
Focus
. Global . . .
United High costs, coverage, rapid Superiority . Highly Full global Radar High costs,
complex . across all integrated and complex
States S detection of . coverage systems R
coordination . domains automated coordination
small objects
Regional
- . Concentrated Weather
Lower cost, Advanced dominance, Centralized, . . . .
. . in China with Optical dependency,
China favorable optical, radar global under . . .
. . regional systems integration
geography developing expansion development .
expansion challenges
efforts
Polar . Partially Northern Coverage
. coverage, Strong radar, Strategic . . Radar LS
Russia integrated, Hemisphere gaps, limited
reusable old needs updates defense o systems
. modernization focus resources
infrastructure
Strong . o Political
European | cooperation, Modern but Sc1ent1ﬁc.& Networked but Distributed Radar + coordination,
: . . commercial . across .
Union geographic centralized . independent Optical resource
SO priority member states .
diversity sharing

cbad gt (sl yadS )3 (6y9ld s )| LYo 5 SOyl oo -Y Jgaa

Table 2. Strategic analysis and reasons for technological superiority in leading space countries.

Country/Region

Strategic Focus

Secondary Systems

Primary Systems

United States

Comprehensive global coverage; LEO/GEO
tracking; military & civil use; small debris
focus

Optical networks, laser
ranging, radio monitoring

Radar (main), Space Fence,
global phased arrays

GEO tracking, military asset monitoring,

Expandable radar, radio

Optical networks, large
telescopes, advanced optical

Union

scientific focus

China . . o o
regional expansion monitoring, limited laser .
stations
. LEO tracking, military threat detection, Optical telescopes, radio Radar (main), Soviet-era
Russia Lo - L
modernization monitoring, limited laser network, Voronezh radars
European Civil programs, cooperative approach, Laser ranging, radio Balanced radar & optical,

monitoring

cooperative network
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Table 3. Detailed analysis of space surveillance configurations.

Country/Region Strategic Impact Considerations Technical Details Configuration
G dommance,. Real-time tracking, full orbital Multi-band L/S/X, Distributed radar
advanced threat detection, . phased arrays,
coverage, rapid response . network
strong deterrence integrated command
Comprehensive catalog, Day/night ops, object GEODSS 1m .
. . .. >, Global optical
United States improved situational characterization, weather- telescopes, automated,
.. network
awareness dependent multi-site
.. .. Al fusion, commercial
Leadership in SDA, crisis Fast event response, . . o Integrated
. . integration, distributed
management superiority redundancy, flexible response command
command
Regional control, rising Strong regional monitoring, High power radar, Dense regional
. 5. large optical
influence, strong defense limited global reach coverage
telescopes, automated
China Higher readiness, limited Rapid regional response, Unlﬁqd cqmmand, Centralized
. d . civil-military
cooperation efficient allocation . . control
integration
Growing autonomy, Advanced optics, Technology-
reduced dependence Independent ops, tech gaps modern processing centered
o . . Northern
Territorial defense, limited | Good missile defense, Southern Radar systems, older .
s Hemisphere
global reach gaps, all-weather facilities
network
Russia Enhanced military ability, Better detection, better Upgraded radar, new Modernized
improved awareness integration optical assets structure
Stable basic ability, limited Reliability/maintenance Soviet-era bases + .
Hybrid legacy
advanced tools challenges upgrades
International cooperation, Flexible ops, complex Distributed assets, Collaborative
regional security coordination joint control, standards network
European Res_ea.rch lea@prshlp, Excellent object characterization Rgsearch—grade Science-oriented
Union limited military instruments
Diplomatic advantages, . Shared protocols, Multinational
. Flexible resource use o . . .
complex crises distributed processing integration
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