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Governments are increasingly investing in constellations of many 

interconnected small satellites. There are many reasons for doing this, 

including obtaining timely information about military threats on a global 

basis, supporting humanitarian rescue efforts, monitoring climate change 

and preventing illegal trade. This report, the first in a sequence of three on 

mega-constellations, explores the drivers behind this transition and 

profiles several of the proposed constellations. 

Emergence of mega-constellations  

Governments have been using satellites to monitor activity on the Earth’s surface 

and in its atmosphere, particularly enemy activity since the dawn of space flight. 

Typically, surveillance satellites are relatively large and expensive, for example US 

KH-11 satellites weigh between 13,500kg and 17,000kg and cost more than 

US$1bn each. This means there are insufficient satellites to provide real-time global 

coverage, so it can take several hours to collect and transmit information for 

decision makers. This delay is fine for monitoring weather patterns, but not for 

alerting on potential missile attacks. Latency (the time it takes a signal to travel 

from the ground to a satellite and back) is also a problem. In addition, now that 

China and Russia have demonstrated that they both have the capability to destroy 

satellites, basing a surveillance system on relatively few highly expensive assets 

presents a big security risk. As a result, governments are planning constellations 

composed of tens or hundreds of smaller, less expensive (c US$9m) low Earth orbit 

(LEO) satellites to provide real-time information on threats. Using a network of 

many smaller satellites connected with optical communications links also means 

that it is possible to transmit all of the data collected by surveillance satellites, 

which is not possible at present. 

Dedicated government constellations supplemented 
with commercial activity 

The US Department of Defense (DoD) is planning a mega-constellation of nearly 

1,000 low Earth orbit (LEO) satellites interconnected via optical communications 

links to provide the military with timely threat information. The first batch of satellites 

intended to demonstrate some of the technology that will be deployed in the 

proposed constellation was launched in 2021. China and Russia have also 

announced their own mega-constellations. In addition, governments are 

supplementing the services provided by their own dedicated constellations with 

capacity provided by commercial operations. For example, OneWeb is offering 

communications services to ‘armed forces, peacekeeping, emergency responders, 

intelligence and security agencies’. BlackSky, Planet Lab and Spire Global, all of 

which listed on the New Stock Exchange last year through mergers into special 

purpose acquisition companies (SPACs) are providing governments with remote 

monitoring data.  
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Eyes and ears in space 

Monitoring activity across the globe, even in enemy territory 

While satellites are used in many applications such as TV broadcasting, communicating with 

ocean-going vessels, monitoring assets, providing communications links after a major disaster, 

measuring crop growth and forest cover and capturing images of distant nebulae, from the very 

beginning of space flight, satellites have been used for military purposes. The world’s first artificial 

satellite, Sputnik 1, which was launched in 1957, transmitted data on the density of the upper layers 

of the atmosphere and the propagation of radio signals in the ionosphere, information which was 

valuable in the creation of future artificial satellites. Following the downing of Gary Powers’ U2 spy 

plane flight over the Soviet Union in May 1960, which highlighted the vulnerability of aircraft-based 

surveillance, the US launched its first reconnaissance satellite, the SOLRAD/GRAB-1 in June 1960. 

The satellite collected data on the Soviet air defence radar network under the cover of studying the 

sun’s electromagnetic spectrum. While information on more recent activity is necessarily scarce, at 

present the US government is using KH-11 satellites equipped with electro-optical digital imaging 

equipment similar to that used in the Hubble Space Telescope to obtain information on its 

adversaries and on other jurisdictions. According to Gunter’s Space Page, the government has 

launched 18 KH-11 satellites between 1976 and 2021, some of which will no longer be operational.  

There are two serious problems with reconnaissance systems based on traditional satellites. The 

first is the length of time it takes to pass the information to a decision maker. The second is 

vulnerability to enemy attack. 

Exhibit 1: US government video on satellite reconnaisance 

 

Source: National Reconnaissance Office 

Getting information to decision makers in a timely fashion 

Although the operational details of current US reconnaissance satellites are classified, the same 

laws of orbital mechanics apply whether satellites are used to collect data on weather or hostile 

troop movements. The first of the United States National Oceanic and Atmospheric Administration's 

latest generation of polar-orbiting, non-geosynchronous, environmental satellites, NOAA-20, which 

forms part of the Joint Polar Satellite System, was launched in November 2017. NOAA-20 collects 

information for meteorologists to enhance long-range weather forecasting. It traces an orbit which 

https://edisontv.wistia.com/medias/2s0vune5bx
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circles the Earth from pole to pole, crossing the equator about 14 times daily and providing full 

global coverage twice a day. While data from this satellite are important, they are not time critical so 

it is fine to wait up to 12 hours to collect an update on the temperature at a particular spot and then 

have a further delay until the satellite is above a ground station to which it can download the data.  

The US government has multiple reconnaissance satellites in orbit so that collectively they provide 

full coverage of the Earth’s surface much more frequently. Moreover, these reconnaissance 

satellites immediately pass on the data they collect to relay satellites, which are in continuous 

communication with ground stations, so there is minimal delay in transmitting the data once they 

have been collected. Even so, the existing network does not provide continuous coverage of areas 

of concern so, while it can spot troops massing on a disputed border, for example, it could miss a 

missile launch. This problem has become particularly pressing following the emergence of 

manoeuvrable hypersonic glide vehicles such as China’s XINGKONG-2 (Starry Sky-2), which travel 

faster than the speed of sound, motivating the US DoD to invest in improved tracking systems. 

Russia test-fired around 10 of its new Zircon hypersonic cruise missiles from a frigate and two more 

from a submarine in December 2021, and claims it has used hypersonic missiles to attack a large 

underground warehouse of missiles and ammunition in western Ukraine. 

Reducing vulnerability to enemy attack 

Traditional military satellites are attractive targets for hostile activity. KH-11 satellites, for example, 

range in mass from 13,500kg to 17,000kg. A press release from the US National Reconnaissance 

Office disclosed that the delivery of just two intelligence satellites cost more than US$5bn. In 2020, 

the US DoD issued a report which noted that while China has not publicly acknowledged the 

existence of any new programmes since it confirmed that it used an anti-satellite missile to destroy 

a weather satellite in 2007, it currently has an operational ground-based missile intended to target 

LEO satellites and probably intends to develop weapons able to destroy satellites up to 

geosynchronous Earth orbit (GEO). In November 2021, the Russian Federation conducted a 

destructive satellite test of a direct-ascent, anti-satellite missile against one of its own satellites. The 

US Department of State condemned the act as ‘reckless’ because the generation of more than 

1,500 pieces of trackable orbital debris and hundreds of thousands of pieces of smaller orbital 

debris posed a real risk to the American astronauts and Russian cosmonauts on the International 

Space Station, as well as future human spaceflight activities.  

Solving the problem with LEO constellations 

In 2019, the US DoD set up the Space Development Agency (SDA) to implement the National 

Defense Space Architecture (NDSA), a constellation of hundreds of LEO satellites orbiting at 

altitudes of less than 2,000km above the Earth’s surface (see below for more detail). The NDSA will 

potentially provide the continuous coverage required by the US military, starting with coverage of 

sensitive regions. It will continue to operate even if several of the satellites in the network are 

permanently disabled by a missile or space debris, or temporarily disabled by electronic jamming. 

While an individual satellite will still be vulnerable to enemy attack, since the cost of each satellite is 

relatively modest (ie c US$9m each for a batch of 42 satellites being made by York Space Systems, 

see Exhibit 3), the cost of sending a hostile missile to deactivate a satellite will be significant 

compared with the cost of the satellite itself, potentially discouraging an enemy from launching an 

attack.  

Being closer to the Earth’s surface than a traditional GEO satellite has the additional advantage that 

it is possible to detect those phases of missile flight that emit less heat and thus show as dimmer 

images in infrared detection systems. This means that it is possible to detect hypersonic glide 

missiles, not just at launch but also when they are manoeuvring, making it easier to predict the 

impact point. Having many satellites in a constellation brings the additional advantage that several 

https://web.archive.org/web/20170119004229/http:/nro.gov/news/press/2014/02-14.pdf
https://web.archive.org/web/20170119004229/http:/nro.gov/news/press/2014/02-14.pdf
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satellites will be able to monitor a given flight, each from a different angle, thus providing more 

information on the exact trajectory. As will be discussed in the second report in this series, latency 

is c 540msecs for a GEO satellite and only c 25msecs for a LEO, which is better for preparing a 

real-time response to a hypersonic missile threat. As will be discussed in the third report in this 

series, using a network of many smaller satellites connected with optical communications links also 

means that it is possible to transmit all of the data collected by surveillance satellites, which is not 

possible at present. 

Current US government programmes 

DARPA’s Blackjack programme demonstrates critical elements 

The Blackjack programme was started by the Defense Advanced Research Projects Agency 

(DARPA) in 2017. The programme aims to develop and demonstrate the critical elements required 

for a global, high-speed LEO network, which will provide the US DoD with highly connected, 

resilient and persistent coverage. 

The programme has three primary objectives: 1) the development of payload and mission-level 

software and the demonstration of autonomous orbital operations including on-orbit distributed 

decision processors; 2) demonstration that an LEO constellation can provide equivalent 

performance to GEO systems while achieving a price point of less than US$6m per satellite 

including bus (transportation system), payload and launch costs; and 3) implementation of 

advanced commercial manufacturing techniques developed for LEO constellations to construct 

military payloads and the spacecraft bus so the target price point can be achieved. This goal 

reflects DARPA’s new approach of creating low-cost military payloads that will be upgraded 

frequently and which are carried on commercial satellite buses that can accommodate a wide range 

of payloads without modification. (This topic will be explored in the third report in this series.)  

Exhibit 2: Two Mandrake 2 satellites deployed under DARPA's Blackjack programme 

 

Source: DARPA 

The Blackjack programme is focussed on proving the viability of an LEO architecture, so the 

number of satellites involved is relatively small. Two small Mandrake 2 satellites were launched in 
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June 2021 on a SpaceX rideshare mission. These satellites are testing optical inter-satellite 

communications capabilities that will be used in the Blackjack constellation. The first batch of 

Blackjack satellites is scheduled for launch in autumn 2022, also on a SpaceX rideshare. The 

agency plans to launch up to 12 satellites this year. The knowledge gained during the Blackjack 

programme will be applied to the much larger NDSA constellation being developed in parallel by the 

SDA, as well as other US government space initiatives.  

Proposed NDSA to upgrade US missile response 

The DoD’s proposed NDSA of nearly 1,000 LEO satellites is intended to provide seven critical 

functions or ‘layers’ (see Exhibit 3) with the stated overall goal of improving US warfighters’ 

‘lethality, manoeuvrability, and survivability’. For example, when tracking satellites in the network 

detect a threat such as a hypersonic missile, they will send that information to the data relay 

satellites, which will combine the data, calculate a firing solution for disabling the threat and transmit 

those data directly via a tactical data link to the appropriate weapons platform. 

Four test satellites were launched during summer 2021 (six satellites if the two Mandrake satellites 

from the Blackjack programme are included). Two Laser Interconnect and Networking 

Communication System (LINCS) satellites started to conduct a series of experiments aiming to 

demonstrate optical communication in and from space and infrared missile detection. The Prototype 

On-orbit Experimental Testbed (POET) satellite is intended to demonstrate that it is possible to 

gather data from multiple sensors on the ground, at sea and in space, and process to those data 

onboard a satellite, rather than having to transmit the data to a ground station for processing, which 

would introduce delays. The initial demonstration completed successfully. The two LINCS satellites 

and POET were launched together with the two Mandrake satellites in June 2021. The Prototype 

Infrared Payload (PIRPL) left the international space station on 20 November 2021 aboard the 

Cygnus NG-16 resupply space vehicle and collected multispectral infrared imagery of terrestrial 

regions and infrared images of stars until 13 December 2021, thus testing the use of a multispectral 

sensor on a LEO satellite to detect ballistic missiles.  

Exhibit 3: National Defense Space Architecture – capability layers 

Layer Capability 

Transport Provision of assured, resilient, low-latency military data and communications connectivity worldwide to 
a full range of warfighter platforms. 

Battle management Provision of architecture tasking, mission command and control, and data dissemination to support 
time-sensitive kill chain closure at campaign scales. 

Tracking Provision of global indications, warning, tracking and targeting of advanced missile threats, including 
hypersonic missile systems. 

Custody Provision of 24/7, all-weather custody of time-sensitive, left-of-launch surface mobile targets to support 
targeting for advanced weapons. 

Emerging capabilities 
(deterrence) 

Incubation of new mission concepts. Initial focus will be to deter hostile action in deep space (beyond 
GEO up to lunar distances). 

Navigation Provision of alternative positioning, navigation and timing for Global Positioning System (GPS)-denied 
environments. 

Support Enabling ground and launch segments to support a responsive space architecture. 

Source: US Space Development Agency (SDA) 

The test satellites will be followed by 28 satellites forming ‘Tranche 0’. 20 of these will be data relay 

satellites providing the connectivity functionality, which is referred to as the ‘transport layer’, while 

the other eight will be wide-field-of-view satellites providing tracking functionality. In August 2020, 

the SDA announced the contract awards for the transport layer (Exhibit 4). In total, 14 of these 

transport satellites will be equipped with four optical inter-satellite links and six satellites with two 

optical inter-satellite links and two Link 16 transmitters. According to Lockheed Martin, the Link 16 

transmitters will allow the new satellites to connect with fighter aircraft, missile defence networks, 

weapons systems and Integrated Air and Missile Defence networks. The Tranche 0 transport layer 

will provide US warfighters with periodic regional access to low-latency data connectivity via space-

based extensions of the existing Link 16 tactical data network used by the US and its NATO allies. 
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The satellites were initially scheduled to be launched between September 2022 and March 2023. In 

October 2020, the SDA awarded contracts for the tracking layer (Exhibit 4). The Tranche 0 Tracking 

Layer will provide missile warning and tracking information to national defence authorities, and 

tracking and cueing data for missile defence elements. The satellites forming the layer are 

scheduled for launch in late 2022.  

Tranche 1 will provide regional coverage for the armed forces and consist of a mesh network of 126 

optically connected data relay satellites arranged in six near-polar LEO planes, with 21 satellites in 

each plane, and up to 28 tracking satellites. In February 2022, the SDA announced that it had 

awarded contracts to build and demonstrate the effectiveness of the 126 satellites forming the 

transport layer. These satellites are expected to be ready for launch starting in September 2024. 

Data collected by the missile-tracking satellites, which are scheduled for launch from April 2025 

onwards, will be sent via optical links to the transport layer, which will provide global 

communications access and deliver persistent regional encrypted connectivity in support of 

warfighter missions globally. The US Congress added $550m to the fiscal 2022 omnibus spending 

bill, which President Biden signed into law on 15 March 2022, to bring forward the launch of the 

tracking missiles from 2026 to combat the threat of hypersonic missile launches by China and 

Russia.  

Exhibit 4: National Defense Space Architecture – contract awards 

Tranche Layer Prime contractor Number of satellites Contract value 

Tranche 0 Transport layer York Space Systems 10 US$94m  

Tranche 0 Transport layer  Lockheed Martin 10 $188m  

Tranche 0 Tracking layer SpaceX 4 US$149m  

Tranche 0 Tracking layer L3Harris Technologies 4 US$194m 

Tranche 1 Transport layer Lockheed Martin 42 US$700 

Tranche 1 Transport layer Northrop Grumman 
Space Systems 

42 US$692m 

Tranche 1 Transport layer York Space Systems 42 US$382m 

Source: Edison Investment Research 

Tranche 2, which will consist of several hundred satellites, will be launched in 2026 and provide 

global coverage. This will be followed by other tranches in 2028 and 2030. 

Laser links key 

Since optical links are a vital element of connecting satellites in the same network and a way of 

connecting between satellites in different networks, DARPA has a dedicated programme, Space-

Based Adaptive Communications Node (Space-BACN) to develop a standardised, modular low-

size, low-weight, low power and low-cost terminal for sending and receiving laser links. In 

December 2021 DARPA announced it had awarded initial contracts to work on the front-end of the 

optical terminal system to CACI International (CACI:US), Honeywell International (HON:US), L3 

Technologies (L3Harris Technologies LHX:US), MBRYONICS, Mynaric (M0Y.GR; MYNA.US) (click 

here for Edison’s research on Mynaric), SA Photonics (which was acquired by CACI in November 

2021 for US$275m) and Boeing (BA:US). 

EU programmes 

In February 2022, the EU put forward a proposal for a regulation on an EU space-based secure 

communication system that will potentially give worldwide uninterrupted access to secure and cost-

effective satellite communication services. The system is intended to support the protection of 

critical infrastructures, surveillance, external actions, crisis management and applications that are 

critical for the economy, security and defence of member states, as well as providing commercial 

services across Europe, including in communication dead zones. The system will also provide 

connectivity over geographical areas of strategic interest such as Africa and the Arctic as part of the 

https://www.edisongroup.com/company/mynaric/
https://www.edisongroup.com/company/mynaric/
https://ec.europa.eu/commission/presscorner/detail/en/IP_22_921
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EU Global Gateway strategy. Details of the proposed ‘multi-orbital’ architecture, including LEO 

satellites, have not been determined yet, although the announcement of the proposal refers to the 

use of ‘the latest quantum communication technologies for secure encryption’, which implies the 

use of optical communications links and ‘the leveraging of the New Space ecosystem’, which 

implies that the system will be composed of multiple smaller satellites. The EU commission 

estimates that the total cost will be €6bn, of which the EU will contribute €2.4bn at current prices 

between 2022 and 2027. The funding will come from the EU budget, member states, European 

Space Agency (ESA) contributions and private sector investments. Roll-out will be incremental, with 

the goal of delivering initial services in 2024 and reaching full operational capability by 2027.  

In December 2021 the European Commission awarded contracts worth €1.4m each to two 

consortia of European companies to undertake six-month studies to define technical solutions for 

this satellite system. Not content with just providing recommendations to the EU Commission, one 

of the consortia, UN:IO, which is led by satellite manufacturer Reflex Aerospace, optical 

communications specialist Mynaric and launch service provider Isar Aerospace, is using funding 

from the consortium’s own resources and venture capital to begin to build the hardware required to 

operate a demonstration system in space in 2023. This may potentially be followed by more than 

400 laser-linked satellites, as well as ground stations, control centres and other operational 

infrastructure until Europe’s own UN:IO constellation is fully operational in 2025. 

Exhibit 5: Video illustrating the Copernicus programme 

 

Source: ThalesAlenia Space  

The EU already operates the Copernicus Earth observation system, which provides data to help 

monitor the environment and ensures safety and civil security across Europe. The system is 

composed of a dozen Sentinel satellites which collect radar images, optical images and measure 

key atmospheric constituents and the global sea surface height. Data from these satellites are 

relayed over optical and microwave links via two geostationary satellites to ground stations in 

Europe. 

Russia: Sfera programme 

Russia’s State Space Corporation Roscosmos intends to establish a new cluster of more than 260 

communications and Earth observation satellites under the Sfera (Sphere) programme. The 

satellite deployment is an element of the ‘Digital Economy’ national programme, which was 

https://edisontv.wistia.com/medias/61iov87twp
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approved in 2017 and covers the period until 2024. The multi-orbit constellation is intended to 

provide broadband internet access and communications across Russia, with a focus on the 

northern part of the country where the population density is low and the different zones of taiga, 

tundra and permafrost make it difficult to install fibreoptic cables. The Russian government has 

allocated RUB7bn (US$92.5m) annually from 2021 to 2024, to establish the project. Roscosmos is 

also aiming to secure private sector investment for the project. As of January 2022, Roscosmos 

intended to launch demonstration satellites in 2022 and 2023. One of the technologies to be tested 

during this demonstration phase is inter-satellite communication links. 

China  

China’s 14th five-year plan, which covers the period 2021–26, sets out ‘long-range objectives 

through 2035’, which include an integrated network of communications, Earth observation and 

navigation satellites. In September 2020, China submitted spectrum allocation filings to the 

International Telecommunication Union (ITU), which showed that it is planning the construction of a 

constellation of just under 13,000 LEO satellites. This constellation will fill gaps in terrestrial 

communications, particularly in rural areas.  

Partnerships with commercial providers  

Exhibit 6: Video of recent OneWeb launch  

 

Source: OneWeb  

Following its rescue from bankruptcy by the UK government and communications firm Bharti Global 

in 2020, OneWeb is continuing to roll out its network of LEO satellites for delivering high-speed, 

low-latency global connectivity. As of March 2022, it had 428 LEO satellites in orbit, which is 66% of 

the proposed constellation. It had already activated service via its network at the 50th parallel and 

above. OneWeb is included in this report because it is offering communications services to ‘armed 

forces, peacekeeping, emergency responders, intelligence and security agencies’, as well as to 

commercial telecommunications companies, and the aviation and shipping industries. OneWeb’s 

intention to use the satellites for military as well as commercial purposes was highlighted in early 

March this year when Russia removed a Soyuz rocket containing 36 OneWeb satellites from its 

launch pad at Baikonur Cosmodrome in Kazakhstan because OneWeb would not guarantee that 

https://edisontv.wistia.com/medias/or6xhlsv5x
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the satellites would not be used for military purposes. OneWeb subsequently entered into an 

agreement with SpaceX which will enable it to resume its launch programme. 

In March 2022 the United States Air Force noted that it was testing SpaceX’s Starlink Internet 

service aboard Lockheed Martin F-35 Lightning II aircraft as part of a programme to assess multiple 

high-speed communications systems for supporting operations from remote locations aboard 

aircraft.  According to Aviation Week, the US military is testing the use of the OneWeb and 

SpaceX’s Starlink constellations to provide communications from remote sites in the Arctic. 

Government agencies are also partnering with commercial enterprises to obtain remote monitoring 

data. For example, Capella Space’s geospatial intelligence (GEOINT) provides high-resolution, 

high-contrast analysis across sequence of images of the same scene that enables to government 

agencies to identify the arrival and departure of vessels, vehicles and aircraft, to track docked 

vessels such as missile cruisers and identify the presence of assault helicopters on ships. Capella 

Space closed a funding round raising US$97m for network expansion in April 2022. It has seven 

satellites in orbit, with plans to launch more over the next two years. Planet Labs (PL:US), which 

listed on the New York Stock Exchange in December 2021 through a merger with a SPAC, also 

provides US Federal Civilian Agencies, the Department of Defense, and Intelligence Community 

with real-time satellite data and intelligence required to monitor and respond to global changes. It 

has over 200 Earth-imaging satellites in orbits that enable it to line-scan the Earth’s surface every 

day. BlackSky (BKSY:US) which listed on the New York Stock Exchange in September 2021, 

through a merger with another SPAC uses its constellation of 14 LEO satellites, as well as satellites 

in its partners’ constellations, to collect geospatial intelligence. It recently formed a strategic 

advisory group led by a former undersecretary of defense for intelligence, a former associate 

director for military affairs at the CIA, a former Space Force chief architect to help grow its defence 

and intelligence business. The company expects that it will be one of the companies selected later 

this year by the National Reconnaissance Office as primary providers of commercial imagery for the 

US intelligence community. Satellogic (SATL:US), which listed on the New York Stock Exchange in 

January 2022, also through a merger with a SPAC, offers data to defence and intelligence agencies 

for applications such as critical infrastructure monitoring, situational damage assessment, border 

control and maritime situational awareness. Spire Global (SPIR:US) listed on the New York Stock 

Exchange in August 2021, again through a merger with a SPAC, collects data from space using its 

constellation of over 90 operational Lemur nanosatellites. It supplies data to NASA and the Australia 

Office of National Intelligence. 

These commercial constellations are covered in more detail in the second report in this series.  

Other notes in this series  

Internet in the sky: a review of commercial mega-constellations (upcoming). 

A new paradigm for space: an exploration of how mega-constellation roll-out requires changing 

the manufacturing paradigm from expensive, bespoke satellites to platforms and payloads that can 

be manufactured and launched in their thousands (upcoming). 

While not part of this series of reports, the role of mega-constellations in providing critical data to 

governments is discussed in Edison’s recent interview with Mynaric. 

  

https://www.youtube.com/watch?v=O8NCZdjJPlQ
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