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introduction

The vast expanse of space, once considered infinite, is now witnessing 

an unprecedented surge in activity, propelling humanity into a new era 

of exploration and technological advancement. This surge, marked by a 

growing number of satellites, space missions, and debris orbiting the 

earth, has underscored the critical importance of effective space Traffic 

Management (sTM). as space utilisation has significantly increased over 

the years, sTM has become a crucial aspect involving the coordination and 

monitoring of objects in the earth’s orbit to ensure safe and sustainable 

space use.

Tracing the historical trajectory of space activities reveals a transformation 

from a race to the stars to a complex network of satellites serving various 

purposes. in the present day, the earth’s orbit is bustling with activity, 

with satellites reaching an all-time high due to technological accessibility, 

commercial interests and military deterrence. However, this surge poses 

multifaceted risks, including collisions, jeopardising operational satellites 

and contributing to the growing menace of space debris.

at the core of effective sTM is space situational awareness (ssa), 

which involves the continuous monitoring and tracking of space objects 

group captain (Dr) Swaim Prakash Singh is a senior fellow at the centre for air power studies, 
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to predict and prevent collisions. advanced ssa technologies enhance the 

understanding of the space environment and enable timely manoeuvres to 

avoid potential threats. Despite existing international and national regulations 

providing a foundation for responsible space activities, challenges persist in 

their implementation and enforcement, highlighting the need for a dynamic 

regulatory framework as space activities evolve.

Technological solutions play a pivotal role in pursuing effective sTM, 

with advanced tracking technologies and autonomous collision avoidance 

systems on the horizon. as humanity ventures further into space, responsible 

space use and safeguarding the orbital environment become prerequisites for 

a sustainable and prosperous future. The resounding call to action is to unite 

in navigating celestial highways responsibly, ensuring that the inescapable 

necessity of sTM is met with diligence and foresight. This article explores 

various nuances of ssa and sTM, looking towards the future.

Evolution of SPacE activitiES

The journey into space began with the launch of sputnik 1 in 1957, marking 

the start of a space race between the United states and the soviet Union. 

This era witnessed significant space exploration, including the apollo 

11 Moon landing in 1969 and ongoing ventures into our solar system. 

satellites became essential for communication, earth observation, and 

scientific research, reflecting technological advancements and international 

collaboration.

However, the success of space exploration gave rise to concerns about 

space debris. The collision of the cosmos 2251 and iridium 33 satellites in 

2009 highlighted the potential dangers. it led to the recognition of the Kessler 

syndrome, where debris generates more debris, making certain orbital regions 

hazardous for generations. This realisation prompted efforts to mitigate and 

manage orbital debris to ensure the sustainable use of space.

The international community established regulatory frameworks in 

response to the challenges posed by rapid space expansion. The Outer space 

Treaty of 1967 set principles for peaceful space use, followed by agreements 
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like the liability convention and registration convention, reinforcing the 

legal foundation for responsible space activities. collaborative initiatives, 

such as the inter-agency space Debris coordination committee (iaDc) 

and guidelines from the United Nations Office for Outer space affairs 

(UNOOsa), reflect the collective commitment to ensuring the orderly and 

sustainable use of outer space as space activities evolve.

currEnt SPacE traffic

in the present era of space exploration, there is an extraordinary increase 

in space activity and innovation. The count of operational satellites in the 

earth’s orbit has increased over two-fold in the last decade. as per the 

raND brief, “as of December 2022, space traffic included approximately 

6,900 active satellites, more than 36,500 pieces of trackable debris that are 

10 cm or larger, and approximately one million objects that range in size 

from 1 cm to 10 cm.”1 This surge is due to contributions not only from 

traditional space-faring nations but also from a growing private space 

sector, including companies like spaceX, OneWeb, and amazon. a notable 

trend is the emergence of satellite constellations, where thousands of small 

satellites work together to provide services like the global internet and 

earth observation. This shift signals a new way of using space, challenging 

our traditional approaches to managing space traffic.

This steep rise exemplifies a space boom; it signifies an upsurge in 

endeavours that introduce both opportunities and risks to the outer limits 

of the cosmos. Once an unobstructed expanse, the earth’s orbit is currently 

transforming into a congested thoroughfare. space debris is a rapidly 

expanding cloud that consists of a growing quantity of spent rocket stages, 

satellites, and the by-products of orbital disasters. This cosmic debris not 

only presents immediate risks to operational satellites but also gives rise to 

the Kessler syndrome, a situation wherein a self-sustaining debris field could 

1. bruce Mcclintock, et al., “The Time for international space Traffic Management is Now,” raND 
corporation, https://www.rand.org/pubs/research_briefs/rba1949-1.html. accessed on 
December 8, 2023.
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be generated by cascading collisions; this could render portions of the earth’s 

orbit impassable for generations.

in its 2020 annual report, the National aeronautics and space agency’s 

(Nasa’s) aerospace safety advisory panel has cited space debris as “a 

major safety issue” and identified it as two of the top three safety risks for 

the international space station (iss). The iss had to make three emergency 

manoeuvres last year to avoid catastrophic collisions, including a critical 

one in september 2022, when the astronauts were requested to move to the 

russian segment.

fig 1 depicts the number of objects being tracked in orbit that has seen 

a sudden spike after 2016, touching the 20,000 mark, while the total mass of 

all objects in orbit has also steadily increased and currently exceeds 8,100 

metric tonnes. This includes active satellites, those that are dead or lost, the 

iss, rocket stages, and even nuts and bolts left behind by astronauts.

fig 1: increment in number of objects being tracked in orbit

Source: “aerospace safety advisory panel”, annual report for 2020, p. 34, https://oiir.hq.nasa.
gov/asap/documents/2020_asap_report-TaggeD.pdf
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This surge in space activity also brings 

challenges. The earth’s orbit is getting 

crowded, increasing the risk of collisions 

between satellites and space debris. This 

congestion poses immediate threats to 

operational satellites. Moreover, the rapid 

increase in space traffic raises concerns 

about the long-term sustainability of 

the earth’s orbital environment. This 

highlights the urgent need for effective 

sTM systems that can navigate the 

complex network of satellites, prevent 

collisions, and sustainably regulate the 

growing traffic in space.

To tackle these challenges, comprehensive sTM frameworks are crucial. 

The current state of space traffic demands our attention, and our ability 

to navigate it safely will determine the future of space exploration and 

utilisation. Dealing with these issues is not just a technical requirement; it is 

essential for ensuring the ongoing viability and sustainability of our activities 

beyond the earth’s atmosphere.

imPortancE of SPacE traffic managEmEnt

collision risks: in the vast expanse of space, where the distances between 

celestial bodies seem infinite, the potential for collisions may appear remote. 

However, as the activities in the earth’s orbit burgeon, so does the risk of 

unintended encounters among satellites and space debris. The consequences 

of such collisions are profound and multifaceted.

collisions in space can render operational satellites inoperative, disrupting 

critical services such as communication, earth observation, and navigation. The 

2007 incident involving the chinese anti-satellite missile test, which generated 

thousands of fragments and threatened the functionality of other satellites, serves 

as a stark reminder of the real-world impact of collision risks. furthermore, the 

the current state of space 

traffic demands our attention, 

and our ability to navigate 

it safely will determine the 

future of space exploration 

and utilisation. dealing 

with these issues is not just 

a technical requirement; 

it is essential for ensuring 

the ongoing viability 

and sustainability of our 

activities beyond the Earth’s 

atmosphere.
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debris from such incidents contributes to the growing menace of space debris, 

amplifying the challenges of space traffic management.

debris mitigation: effective sTM plays a pivotal role in debris mitigation. 

by providing accurate and timely information about the trajectories and 

potential collisions of space objects, sTM systems enable satellite operators 

to execute manoeuvres that avoid collisions and reduce the risk of debris 

generation. This proactive approach is essential for preserving the long-term 

sustainability of the earth’s orbital environment.

in addition to collision avoidance, sTM contributes to debris mitigation 

by implementing guidelines and practices for responsible satellite operations. 

There include measures such as designing satellites with propulsion systems 

for controlled de-orbiting at the end of their missions and minimising the 

creation of space debris during satellite deployments. as we navigate the 

celestial crossroads, effective sTM emerges as the lynchpin for ensuring the 

safety, sustainability, and responsible use of space for future generations.

Technological Solutions

in the realm where the cosmos meets technology, the challenges of sTM 

find innovative solutions through the relentless pursuit of cutting-edge 

technologies. as humanity’s ventures into space proliferate, the demand 

for advanced tracking and collision avoidance technologies has never been 

more pronounced. Target monitoring is the fundamental technology for 

space-based space situational awareness (ssa) in decision-making. The 

ultimate objectives are to provide timely and precise warnings and to 

prevent collisions. The following are a few of the forefront technological 

solutions, exploring the ingenuity that is shaping the future of space object 

tracking and autonomous collision avoidance. it is broadly classified into 

advanced tracking and autonomous collision avoidance technologies.

Advanced Tracking Technologies

ground-based radar Systems: ground-based radar systems lie at the 

foundation of space object tracking. These systems utilise radio waves to 
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detect and track the positions of satellites, space probes, and space debris. 

advancements in radar technology, including phased-array antennae and 

digital signal processing, have enhanced the precision and efficiency of 

ground-based tracking, enabling more accurate monitoring of objects in 

the earth’s orbit.

optical telescopes: ground-based optical telescopes play a crucial 

role in tracking space objects, particularly those in higher orbits. These 

telescopes capture the reflected sunlight from satellites and provide valuable 

optical tracking data. innovations in adaptive optics technology mitigate 

the distortions caused by the earth’s atmosphere, enabling astronomers to 

observe and track fainter objects with unprecedented clarity.

Space-based Sensors: The deployment of sensors in space, either as 

dedicated satellites or payloads aboard operational satellites, represents a 

paradigm shift in space object tracking. space-based sensors offer continuous 

monitoring without the limitations imposed by the earth’s atmosphere. 

initiatives like the space-based space surveillance (sbss) system and 

commercial constellations equipped with tracking payloads contribute to 

the expansion of space-based tracking capabilities.

onboard transponders: consideration could also be given to 

investigating onboard transponders. any space object can mount a 

minuscule, autonomously powered device capable of transmitting 

position data of global positioning system (gps) quality. The device can 

provide the position and identity for active satellites, akin to the idea and 

use of maritime transponders and aircraft. even if the host spacecraft 

malfunctions in “debris mode,” it can continue performing this function for  

decades.

machine learning and data fusion: The integration of machine learning 

algorithms and data fusion techniques revolutionises space object tracking. 

by analysing vast datasets from diverse tracking sources, machine learning 

algorithms can identify patterns, predict object trajectories, and distinguish 

between operational satellites and space debris. This adaptive approach 

enhances the accuracy and efficiency of tracking systems.
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Autonomous Collision Avoidance

onboard Sensors and Propulsion: 

autonomous collision avoidance systems 

in aircraft like the Tactical air Navigation 

systems (TacaN) rely on onboard sensors, 

such as cameras and light Detection and 

ranging (liDar), to detect potential 

collisions. paired with propulsion systems, 

these technologies enable satellites to 

autonomously adjust their orbits to avoid 

close approaches with other space objects. 

The integration of compact and efficient 

propulsion systems such as ion thrusters, 

enhances the manoeuvrability of satellites for collision avoidance.

artificial intelligence (ai) algorithms: ai algorithms play a pivotal role 

in autonomous collision avoidance. These algorithms process real-time data 

from onboard sensors and external tracking systems, assessing collision risks 

and determining optimal manoeuvring strategies. The ability of ai to analyse 

complex scenarios and make split-second decisions enhances the autonomy 

of collision avoidance systems.

collaborative collision avoidance: collaborative collision avoidance 

systems come into play in scenarios involving satellite constellations or 

multiple cooperating satellites. These systems facilitate communication and 

coordination among satellites within a constellation, allowing them to plan 

and execute collision avoidance manoeuvres collectively. This collaborative 

approach minimises the risk of interference within satellite groups.

in-orbit Servicing: The emerging field of in-orbit servicing introduces 

new dimensions to autonomous collision avoidance. servicing satellites 

equipped with robotic arms or capture mechanisms can actively manoeuvre 

and relocate non-operational satellites or debris to safer orbits. This proactive 

approach contributes to space sustainability by reducing the density of objects 

in high-traffic orbital regions.

Servicing satellites 

equipped with robotic arms 

or capture mechanisms can 

actively manoeuvre and 

relocate non-operational 

satellites or debris to safer 

orbits. this proactive 

approach contributes to 

space sustainability by 

reducing the density of 

objects in high-traffic 

orbital regions.
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Emerging Technology in STM

emerging technologies in space Traffic 

Management (sTM) represent a critical 

step toward ensuring the sustainability 

and safety of activities in the earth’s 

orbit. by leveraging advanced analytics, 

automation, coordination platforms, 

enhanced surveillance, and international 

collaboration, these technologies 

contribute to a more efficient and secure 

space environment. as the space industry 

continues to evolve, the development and 

implementation of these technologies will play a vital role in managing the 

complexities of space traffic.

The safety of spacecraft in orbit is now gravely endangered due to 

the proliferation of space debris, which has caused severe congestion 

in the space environment. space security relies heavily on space-based 

situational awareness, a comprehensive capability encompassing threat 

knowledge, analysis, and decision-making. Numerous systems for space 

situational awareness have been developed and deployed. significant 

contributions are made by key technologies, including data acquisition, 

target recognition, and monitoring, while numerous advanced algorithms 

are under consideration as technical support. Nevertheless, exhaustive 

evaluations of these technologies and particular algorithms are 

uncommon. it impedes the development of situational awareness in space 

in the future. india, being among the rapidly developing countries in 

the field of space, will inevitably be required to establish its own space-

based surveillance systems. The following section highlights some critical 

and essential global technologies being developed and operational. Deep 

space advanced radar capability (Darc) and space fence are the two 

most essential technologies that india must develop as soon as possible.

Space security relies 

heavily on space-based 

situational awareness, a 

comprehensive capability 

encompassing threat 

knowledge, analysis, 

and decision-making. 

numerous systems 

for space situational 

awareness have been 

developed and deployed.
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deep Space advanced radar capability: a significant milestone 

was reached at the end of 2023 with the successful completion of the 

Darc. in 2021, the Darc programme underwent its initial successful 

technology demonstration with the Darc-TD. The endeavour served as 

an initial assessment by the enterprise corps and special programmes 

ground radar portfolio of the space systems command. its purpose was 

to validate that the system’s underlying technology remained operational 

and could be effectively implemented in a novel application.2 

fig 2: global deep-Space defence tracking network

 

source: newatlas.com https://newatlas.com/military/aukus-partners-global-deep-space-defense-
tracking-network/

2. space systems command (Office of public affairs), United states space force, “Darc 
Technology Demonstrator Test a success,” December 22, 2021, https://www.ssc.spaceforce.
mil/portals/3/Darc%20Technology%20Demonstration%20test%20a%20success.pdf. 
accessed on December 8, 2023.



31    AIR POWER Journal Vol. 19 No. 1, spriNg 2024 (January-March)

Swaim PrakaSh Singh

at the defence technology hub of the United states military, australia, 

United Kingdom, United states (aUKUs) defence commanders convened 

to discuss potential avenues of collaboration concerning the utilisation 

of advanced technologies in the military. These dialogues took place in 

accordance with the aUKUs trilateral agreement. The agendas encompassed 

progressive collaborations in deep space surveillance, artificial intelligence, 

and quantum computing systems, aiming to fortify their armed forces 

individually and collectively against escalating worldwide challenges, with 

particular emphasis on the expanding influence of china’s capabilities in the 

indo-pacific.

an extraordinary consequence of the deliberations was the introduction 

of the Darc initiative. The continuous, all-weather capabilities of Darc 

are anticipated to enhance the capacity of the aUKUs nations to characterise 

celestial bodies situated at a depth of 22,000 miles (36,000 km) from the 

planet. a worldwide network comprising three ground-based radars will be 

incorporated. it will aid in administrating critical space traffic and contribute 

to the global surveillance of deep space satellites.3

The distinctive geographical locations of the United states, the United 

Kingdom, and australia enable Darc to offer worldwide coverage, 

which encompasses the detection of potential risks to military or civilian 

space systems. by 2026, the initial Western australian-built radar will be 

operational, and by 2030, the remaining radars will be completed. according 

to british secretary of state for Defence grant shapps, Darc will “provide 

us with the capability to see beyond the clouds” and will be “more sensitive, 

more accurate, more powerful, and more agile than anything that has come 

before it.”4

3. Ministry of Defence and The rt Hon grant shapps, Mp, government of UK, “New Deep space 
radar will Transform UK security,” December 2, 2023, https://www.gov.uk/government/
news/new-deep-space-radar-will-transform-uk-security. accessed on December 4, 2023.

4. ruth comerford, “aUKUs: radars will Help counter Threat of ‘space Warfare’,” bbc News, 
December 3, 2023, https://www.bbc.com/news/uk-67603379. accessed on December 4, 2023.
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SPacE fEncE

The United states space force operates 

the Us$ 1.5 billion space fence, a second-

generation space surveillance system 

designed to monitor and track space debris 

and artificial satellites in the earth’s orbit. in 

2014, contracts were awarded to lockheed 

Martin for its development and construction. 

as of March 2020, the space fence had been 

deemed operational. it is a ground-based radar system primarily utilised 

in low earth orbit to track satellites and space debris. it operates from 

the initial space fence facility on Kwajalein island in the republic of 

the Marshall islands, situated 2,100 miles southwest of Hawaii. it has 

an alternative location for a radar site in far Western australia.

fig 3: uS Space force’s Space fence on kwajalein atoll in the  

marshall islands

Source: lockheed Martin.

as of march 2020, the 

Space fence had been 

deemed operational. 

it is a ground-based 

radar system primarily 

utilised in low Earth 

orbit to track satellites 

and space debris.



33    AIR POWER Journal Vol. 19 No. 1, spriNg 2024 (January-March)

Swaim PrakaSh Singh

The space fence is anticipated to exchange 

data with a minimum of seven nations and 44 

corporations. australia, Japan, italy, canada, 

france, south Korea, and the United Kingdom 

will receive assistance from the Us air force 

(Usaf) in establishing space situational 

awareness. The organisation also partners with 

the european space agency and eumetsat, the 

european weather satellite organisation. The 

space fence is an s-band radar that is superior to its previous generations 

in its ability to track a greater quantity of small objects owing to its shorter 

wavelength. The original equipment manufacturer states that it is capable 

of monitoring “approximately 200,000 objects and conducting 1.5 million 

observations per day, which is approximately ten times the number” reported 

by the air force space surveillance system. furthermore, its functionality 

extends to the precise detection, tracking, and measurement of space objects 

in orbit.

The space fence can detect and monitor minuscule objects, even as 

minuscule as a marble. additionally, it offers a search function that 

can locate objects in higher orbits. The solid-state s-band radar allows 

the detection of closely spaced objects, fragmentation occurrences, 

manoeuvres, launches, conjunction assessments, and expended rocket 

boosters. The space fence will provide data to the military’s space 

surveillance Network. chief of space Operations general John raymond 

underscores the importance of this revolutionary technology, “space 

fence is revolutionising the way we view space by providing timely, 

precise orbital data on objects that threaten both manned and unmanned 

military and commercial space assets.”5

5. sandra erwin “space fence surveillance radar site Declared Operational”, SpaceNews, March 
28, 2020, https://spacenews.com/space-fence-surveillance-radar-site-declared-operational/ 
accessed on December 29, 2023.

the Space fence can 

detect and monitor 

minuscule objects, 

even as minuscule as a 

marble. additionally, it 

offers a search function 

that can locate objects 

in higher orbits.
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fig 4: global deep-Space defence tracking network

source: Wikipedia. https://en.wikipedia.org/wiki/space_fence#/media/file:space_fence.png 

The earlier system’s design inspired the concept of a fence: a narrow 

beam that generates an alert when an object flies through it. in contrast, this 

system has the ability to be steered electronically. actively guided arrays can 

rapidly generate an orbit determination for subsequent monitoring while 

aiding in the effortless tracking of the object. The fence has strengthened 

the surveillance system that includes a satellite, radar, and telescopes. 

reportedly, tens of thousands of transmitters and receivers comprise the 

new s-band phased array radar, supported by structures that can withstand 

seismic activity. The receiver portion of this edifice accommodates an 

exceptionally voluminous s-band array, surpassing all others in size by 

7,000 sq ft. The square footage of the transmitter is 2,000 sq ft.6

6. roger Mola, “How Things Work: space fence”, Air & Space magazine, february 2016, https://
www.smithsonianmag.com/air-space-magazine/how-things-work-space-fence-180957776/ 
accessed on December 30, 2023.
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The space fence is an integral part of a space surveillance network that 

includes the space surveillance Telescope in australia and a space-based 

space surveillance satellite that gathers data on particles and objects in orbit 

from an altitude of 390 miles. it functions as the initial phase of a data 

transmission line that supplies information to the Joint space Operations 

centre located at Vandenberg air force base in california. Upon detecting 

an object in the earth’s orbit, the radar transmits a signal to the computers, 

which define the object and devise its trajectory. a new object is tracked 

until its orbit can be estimated. at this point, it is appended to the catalogue; 

if the item matches an existing one, its record is then updated. The space 

fence is a significant contributor to the Us special force’s (Ussf’s) space 

Domain awareness (sDa), which supplies the space force with the data 

required to protect critical assets in orbit and make informed decisions and 

actions. The surveillance network receives data from telescopes, satellites, 

and fences, facilitating prompt notifications regarding potential collisions 

between space debris and the international space station (iss) or satellites 

operating in low earth Orbit (leO).7

india’S EffortS So far

Space object Proximity analysis (SoPa): space assets are of paramount 

importance for national security, defence, and socio-economic progress 

of a country. an increasing number of space objects has resulted 

from diversifying space activities and the rapid pace of technological 

progress. The indian space research Organisation (isrO) conducts 

routine analyses as part of the ssa and sTM to forecast the proximity 

of other celestial bodies to indian space assets. internal sOpa generated 

approximately 14,000 alerts for close approaches within 1 km in 2022. 

approximately 13,000 close approach alerts were also received from the 

United states space command. collision avoidance Manoeuvres (caMs) 

are necessary to protect operational spacecraft during critical approach 

situations. in 2022, a total of 22 caMs were implemented. The caMs 

7. ibid. 
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implemented over the years are depicted in fig 4. The plot suggests that 

space is becoming increasingly congested. regular Orbit Manoeuvres 

(OMs) are implemented to ensure that isrO satellites remain in their 

designated orbits. The outcomes of sOpa were utilised to prevent the 

satellites from approaching any nearby space objects while undergoing 

routine OMs immediately following the manoeuvre.8

as shown in fig 5, the highest number of on-orbit payload deployments 

occurred in 2022, reflecting the increasing interest of emerging entities, 

especially the private sector, in space activities. The current trend is 

anticipated to persist. The penalties associated with caMs are also expected 

to increase, including fuel expenditures, operational overheads, payload 

operation disruptions and frequent synchronisation with external operators. 

presently, there is no firm framework for sTM that is universally accepted. 

in the future, it is anticipated that resolving multiple conjunctions between 

operational satellites will further increase operational complexity.9

fig 5: collision avoidance manoeuvres from 2015 to 2022

source: isrO.

8. “indian space situational assessment for the year 2022”, isrO, Department of space, april 
3, 2023, https://www.isro.gov.in/indian_space_situational_assessment_2022.html. accessed 
on December 28, 2023.

9. ibid.
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iS4om and nEtra: The establishment of the isrO system for safe and 

sustainable Operations Management (is4OM) in 2022 was a component of 

isrO’s comprehensive strategy to ensure the safe and sustainable utilisation of 

outer space for the benefit of the nation. The primary objectives of is4OM are 

to protect the organisation’s space assets and enhance adherence to globally 

acknowledged standards regarding the enduring viability of outer space 

operations. is4OM is responsible for conducting ssa and sTM activities, 

which include oversight and detection of potential threats, risk assessment 

and mitigation, collaboration, and object characterisation and cataloguing, as 

well as processing observations for orbit determination.10

in order to achieve comprehensive coverage of the space objects that 

are dispersed across different orbital regimes, an extensive network of 

observational facilities that are geographically dispersed is necessary. The 

isrO Network for space Objects Tracking and analysis (NeTra) project is 

presently establishing a space surveillance and tracking network utilising 

radars and optical telescopes.11 in order to monitor the active and passive 

satellites in orbit and track the debris, isrO relied on the data provided 

by the North american aerospace Defence command (NOraD). isrO’s 

inability to access real-time data as a non-NOraD member led to a reduction 

in accuracy, precision, and time efficiency in the space debris’s location. 

Therefore, to facilitate the sustainability, security, and autonomy of india’s 

space programme, isrO has established the Directorate of space situational 

awareness and Management (DssaM).12

To carry out the activities related to ssaM, the space situational 

awareness control centre (ssacc) has been established in bengaluru. 

The objective is to organise and coordinate all space-related research and 

development. additional capabilities of the ssa include a Multi-Object 

Tracking radar (MOTr) in sriharikota and a radar in the northeastern region 

10. ibid.
11. ibid.
12. Deepak Halan, “india’s anti-satellite programme: New Opportunities for industry”, 

elecronicsforu.com, November 26, 2022, https://www.electronicsforu.com/technology-
trends/indias-anti-satellite-programme-new-opportunities-for-industry. accessed on 
December 29, 2023.
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of india, as well as a long-range indian 

astronomical Observatory comprising 

a 2.01-metre optical-infrared Himalayan 

chandra Telescope (HcT) and a High-

altitude gamma ray (Hagar) telescope 

situated at Hanle near leh. furthermore, 

optical-infra-red observatories can 

be found in bengaluru, pune, Mount 

abu, and Nainital. The nation’s largest 

interferometry observatory is the giant 

Metre Wave radio Telescope Observatory 

in pune. it consists of approximately 35 

radio telescopes, each with a diameter of 

45 metres, for a total base diameter of 25 

km.13

isrO also cooperates with nations including australia, france, the United 

states, and Japan through exchanging information and data. isrO’s project 

NeTra (Network for space Object Tracking and analysis) monitors satellites 

in leO to safeguard them from potential collisions with space debris or space 

weather occurrences. NeTra will ultimately be integrated into the worldwide 

system designed to monitor, alert, and alleviate the impact of space debris. in 

addition, several new facilities are being constructed, including telescopes, 

radars, data processing centres, and a control centre, to detect, track, and 

catalogue objects as small as 10 cm and as distant as 3,400 km.14

rEcommEndationS

a few of the recommendations that could help go a long way in space traffic 

management globally are given below:

13. pushpinder bath, “space situational awareness (ssa): an essential strategic requirement”, 
Vivekananda international foundation, December 17, 2020, https://www.vifindia.
org/article/2020/december/17/space-situational-awareness-ssa-an-essential-strategic-
requirement accessed on December 30, 2023.

14. Halan, n. 12.

iSro’s Project nEtra 

(network for Space object 

tracking and analysis) 

monitors satellites in lEo 

to safeguard them from 

potential collisions with 

space debris or space 

weather occurrences. 

nEtra will ultimately 

be integrated into the 

worldwide system designed 

to monitor, alert, and 

alleviate the impact of 

space debris. 



39    AIR POWER Journal Vol. 19 No. 1, spriNg 2024 (January-March)

Swaim PrakaSh Singh

Establishment of an international Space 

traffic management organisation (iStmo): 

by now, adequate study has been done, and 

awareness about space traffic mitigation has 

garnered international consensus in the space 

fraternity. However, now is the time to walk 

the talk. as per one of the study reports by the 

raND corporation, similar concerns have been 

raised. such urgency may be underlined by the 

statement, “The goal should be an international 

sTM convention within the next five years that sets specific milestones for 

implementation within the next ten years.”15

action on un resolution 75/36: prominent stakeholders in the space 

domain may employ the UN resolution 75/3616 process to initiate a global 

dialogue, and transition from sub-level to international discussions, thereby 

avoiding criticism of inadequate coordination or regional prejudice. Major 

space-faring nations, crucial regional stakeholders, and representatives from 

industry, academia and non-governmental organisations could participate in 

the discussions. regional circles of trust, which consist of alliances or nations 

with similar objectives, have the potential to serve as crucial input nodes in 

the development of an isTMO. This would ensure the continued involvement 

of nations that might otherwise be hesitant to participate independently 

due to resource constraints or concerns about being marginalised by other 

multinational blocs.

15. Mcclintock, et al., n. 1.
16. “report of the secretary-general on reducing space Threats Through Norms, rules and 

principles of responsible behaviours (2021),” United Nations, Office for Disarmament affairs.
 “by resolution 75/36, the general assembly encouraged Member states to study existing and 

potential threats and security risks to space systems, including those arising from actions, 
activities or systems in outer space or on earth, characterize actions and activities that could be 
considered responsible, irresponsible or threatening and their potential impact on international 
security, and share their ideas on the further development and implementation of norms, rules 
and principles of responsible behaviours and on the reduction of the risks of misunderstanding 
and miscalculations with respect to outer space”, https://disarmament.unoda.org/topics/
outerspace-sg-report-outer-space-2021/#:~:text=by%20resolution%2075%2f36%2c%20
the,could%20be%20considered%20responsible%2c%20irresponsible. accessed on December 
7, 2023.
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creation of Experts’ cadre: all space-faring nations are at the crossroads 

of the technology and governance framework in the space sector. somehow, 

the regulatory frameworks and governance policies are lagging behind the 

technological pace in the space domain. One of the visible causes is the 

inadequacy of a cadre of technical space experts. There is a need to create 

such a cadre at the military, academic, and industry levels in the concerned 

countries and internationally. in the absence of adequate knowledge, nations, 

and potential isTMO members are prone to disregard, or show indifference 

to, isTMO decisions, processes, and rules.

hooking on to the darc global network: The finalisation of the 

Darc programme in December 2023 comprised the appropriate time for the 

emerging market of aerospace in india. india can leverage its positive image 

amongst the aUKUs nations to be part of the upcoming Darc network 

of radars. it is also technically sound to plug the gap between the UK and 

australia to cover most of the globe with the network.

indigenous Space fence: isrO and the Defence research and 

Development Organisation (DrDO) have come a long way in radar technology. 

Developing an indigenous space fence could prove to be a remarkable 

achievement towards maintaining effective ssa and sTM. it is time that 

a dedicated lab for research, development and production of space sensor 

assets was established. somehow, indian technological efforts lag behind 

contemporary global technological developments. indian efforts must catch 

up with the emerging technology at the earliest. initial collaboration with 

global manufacturers and, thereafter, relying on indigenous technological 

accomplishments in this field must be the way ahead.

concluSion

The escalating pace of space activities, characterised by a proliferation 

of satellites, space missions, and debris, underscores the unequivocal 

necessity for effective sTM. as the earth’s orbit transforms into a bustling 

thoroughfare, the risks of collisions and the exponential growth of space 

debris demand immediate attention and coordinated action. The pivotal 
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role of ssa in predicting and preventing collisions, coupled with existing 

and futuristic firm international regulatory frameworks, forms the 

foundation for responsible space activities. Technological solutions are 

propelling sTM into a new era of efficiency and precision. from advanced 

tracking technologies that expand our observational capabilities to 

autonomous collision avoidance systems that rely on artificial intelligence 

and collaborative strategies, these innovations are crucial for navigating the 

complexities of the earth’s orbital environment. as humanity’s presence 

in space continues to grow, the fusion of technological prowess and space 

governance becomes essential for a future where the celestial pathways 

are navigated with precision and responsibility. The recent achievement 

of Darc marks a significant milestone, showcasing the continuous efforts 

to enhance global space surveillance capabilities. The call to establish an 

isTMO, action on UN resolution 75/36, creation of an experts’ cadre, and 

the opportunity for india to hook onto the Darc global Network emerge 

as crucial recommendations for navigating the complexities of space traffic 

on a global scale.


