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Solar system interplanetary communication and deep space exploration research have been undertaken by most of the 

leading global space agencies. It is required to have an uninterrupted communication links among the planets of the 

solar system to support future space missions and human colonization in and around the solar system. At present, we 

don’t have an integrated interplanetary network links and infrastructure that can be used to meet the vision and mission 

of the proposed future deep space exploration. To support these types of communication, our proposal is to develop a 

‘Cluster Based Data Relay Satellite Network Architecture’ across the whole solar system. For developing this 

architecture, we need to split the current Direct to Earth (DTE) communication system and transform it to communicate 

through multiple relay satellites. The proposed system is based on satellite constellations in the Earth-Moon Lagrangian 

orbits, alongside with Earth-Sun Lagrangian orbits. It creates a direct link to the satellites in Lagrangian orbit of other 

planets and hence it will extend the network to support uninterrupted interplanetary data links and continuous 

communications in near future. Thus through the support of multiple data relay satellites, transmission of signals Direct 

to the Earth (DTE) from any deep space spacecraft will not be required. Therefore the spacecrafts or probes will be 

much smaller in size allowing the CubeSat missions to operate throughout the solar system. It can significantly increase 

the data transfer rate and reduce the chances of communication disruption or system failure. The increased data volume 

is directly related to the diversity of future deep space missions. The proposed interplanetary satellite network could 

support and ensure the development of future deep space missions, human colonization of Moon and other planets, 

asteroid mining and exploration of inner and outer solar system. Furthermore, in the proposed system we want to 

deploy three satellites in the Earth-Moon Lagrangian orbit L3, L4 & L5 as primary or core interplanetary data 

communication hub and another two satellites in Earth-Sun Lagrangian orbit L4 & L5 as the alternative or secondary 

data relay constellation. It includes free space optical laser communication with dual band (X-band & Ka-band) RF 

data link along with dedicated channels of Telemetry & Telecommand data relay facility in UHF band. 
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Nomenclature 

MS :   Mass of Sun 

a :   Semi-major axis 

e :   Eccentricity 

i :   Inclination 

Ω :  Longitude of ascending node 

ω :   Argument of periapsis 

v :   True anomaly 

ME :   Mass of Moon 

MMoon :   Mass of Moon 

L :   Lagrange point 

G :   Gravitational constant 

R :   Distance from the Sun 

r :   Radius of the planet 

rgeo :   Altitude of synchronous orbit 

μ : Gravitational mass constant 

c :  speed of light 

t :   Time 

R :   Distance from Sun to Planet 

f :   Frequency 

d :   Transmit distance  

Lf :   Free space loss 

M :   mass 

V :   velocity 

 

 

 

1. Introduction 

Exploring the unknown corners of the universe is the 

eternal quest of humans. The success of NASA’s Mars 

orbiter and rover missions [1] and the Voyager 

missions can be seen as a milestone in the space 

program of Earth, which opens a new era of further 

exploration of the universe. 

As with most of the international space agencies, such 

as NASA and ESA, the terrestrial tracking and 
commanding (TT&C) system [5] of the respective 

agencies acts as the primary means for deep space 
spacecraft tracking, ranging, monitoring, control and 

data transmission, using large diameter antenna, small 
antenna array or low noise temperature receiver and 

weak signal demodulation technologies [25], to 
establish large distance, long time delay wireless RF 

link connection with deep space probes and planetary 
missions [2]. However, as planetary missions and 

probes flies farther and farther away from Earth, the 
amount of probes and missions increasing and the data 

transmission volume growing exponentially, the 
requirement to build an interplanetary solar system 

communication network becomes increasingly 

imperative [3] . This network could work well for the 
deep space applications such as communications 

between earth station and deep space probe [4], planet 
orbiter and the surface networks, spacecraft and 

spacecraft, for the mission planning, flight control, data 
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transmission, which would play an important part in 

future deep space exploration [6]. 

To overcome these shortcomings and to provide a true 

continuous interplanetary communication system [7], 

this paper proposes a brand new interplanetary 

communication system, made from the ground up with 

advanced new technology development, based on inter-

Lagrangian orbits of the planets through our research. 

The rest of the paper is organized as follows: in Section 

2, we discuss about the overview of present deep space 

communications operating in space; in section 3, we 

introduce the concept of orbital analysis and justify the 

choices we made for each choice of orbits for the 

system; in Section 4, we introduce the concept of the 

system; in Section 5, we present the satellite design of 

each constellations required by the concept; in Section 

6, we provide required link budgets for the 

constellation; in Section 7, we describe the concept of 

operations for the whole communication network. 

Section 8 concludes this paper.  

2. Overview of Deep Space Communication 

Network 

 Deep Space or Inter-planetary exploration [8], be it 

lunar habitation [9], asteroid mining [10], Mars 
colonization or planetary science [11], mapping 

missions of the solar system, will increase demands for 
inter-planetary communications. The movement of 

people and material throughout the solar system will 
create the economic necessity for an information 

highway to move data throughout the solar system in 
support of inter-planetary exploration and exploitation 

[12]. Deep Space communication network refers to the 
set of networks that transmits and receives data from/to 

different planets in the solar system or even further 
universe space beyond the earth gravitational field [19]. 

International Telecommunications Union (ITU) 
provides the definition of deep space [13] with the 

minimum distance from earth larger than or equal to 
2.0×106 km, and Consultative Committee for Space 

Data System (CCSDS) also makes such definition as 
the classification rule of various space missions as type 

B (deep space mission). The communication 

capabilities of this solar system information highway 
need to be designed to offer; 1) continuous data, 2) 

reliable communications, 3) high bandwidth and 4) 
accommodate data, voice and video [22].   

 
 At present, the major space agencies and organizations 

all over the world have established the two decades and 
even more long-term deep space exploration plans [20]. 

In September 2011, the International Space 
Exploration Coordination Group (ISECG) composed 

of 14 space agencies from different countries or 
organizations such as the NASA, ESA, Roscosmos, 

Japan Aerospace Exploration Agency (JAXA) released 
a roadmap. The roadmap provides a means for the 

continued exploration of the Moon, asteroids [33], and 
Mars through international cooperation over the next 

25 years, with a view of the exploration destinations, 

mission objectives, mission plans, and preparation 

activities. The ultimate goal of space exploration 
activities proposed by ISECG over the next 25 years is 

to achieve manned Mars exploration [17]. 
 

Considering the high requirements for manned 
spaceflight and the unknown effect of the deep space 

environment for human flight, besides the research and 
development of advanced rocket and sensor 

technology, we should investigate and research the 
capabilities of deep space communication network as 

soon as possible, providing for collaborative planning 
and research, improving the reliability and robustness 

of the whole system.  
 

 With the advancement of deep space communication 
network, it would progressively spread from the near 

earth to deep space. Through the connection with the 
Earth, Mars and other planets’ local Lagrangian cluster 

networks [14]; we could build a sophisticated and next 
generation near continuous inter-planetary 

communication network [15], to provide flexible 
efficient and intelligent communication methods for 

future deep space exploration activities. 

3. Orbital Analysis 

An orbit, in terms of planetary space science, is the path 

that an object takes in space when it goes around a star, 

a planet, or a moon [23]. Five independent parameters 

are needed to completely describe the size, shape and 

orientation of an orbit [7]. A sixth parameter is needed 

to predict the location of an object along its orbital path 

at a specified time. The classical set of five orbital 

parameters are: 

 

i. a, Semi-major axis 

ii. e, Eccentricity 

iii. i , Inclination 

iv. Ω, Longitude of the ascending node 

v. ω, Argument of periapsis 

vi. v, True anomaly 

 

The sixth parameter t is the time of periapsis passage. 

 

 
Fig 1: - Orbital Elements 
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There are several types of planetary orbits [31]. 

Different orbits are defined by different orbital 

characteristics. Some known as inner planetary orbits 

are sun-synchronous orbit, geosynchronous orbit, 

inclined orbit, repeating ground track orbits, elliptical 

orbit, and so on [16]. Orbits are also defined by its 

orbital heights such as Low earth orbit, Medium earth 

orbit etc. 

  

There is a special class of orbit that occurs when the 

orbital eccentricity e = 0 or very close to 0. In this case 

the orbit considered as a circular orbit can be calculated 

as 

𝑉𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 = √
𝜇

𝑟𝑐𝑒𝑛𝑡𝑒𝑟
 

Where 𝜇(= 𝐺𝑀) is the gravitational mass constant of 

the planet and 𝑟𝑐𝑒𝑛𝑡𝑒𝑟 is the distance to the center of 

the planet.  

There are also some outer planetary stable points and 

orbits as like Lagrangian points [30], Keplerian [40], 

Non-Keplerian and Halo orbits [21]. Going forward, 

we are not going to discuss about the basics of all the 

orbits or orbital mechanics. 

  

In our proposal, we want to place some communication 

satellites in some specific orbits or positions so that it 

can work as the central communication hub for the 

entire solar system communication. 

 

In this paper, we will discuss about some specific orbits 

that are required for the system. Our first required orbit 

is synchronous orbit. It is an inner planetary orbit.  

 

Our second required orbit is Lagrangian orbit [28] that 

we are going to use for outer planetary communication. 

Now, we are going to discuss about those orbits and 

through comprehensive analysis will try to find the 

orbits that are suitable for our proposed system.  

 

3.2. Planetary Synchronous orbits 

 

Synchronous orbit is the primary type of orbit that is 

mostly used by military and civilian communication 

satellites on Earth. The angular velocity matches with 

the planet in this orbital height. If the inclination of the 

orbit is zero degree then it is called a geostationary orbit. 

Satellites in this orbit remain constant in a single place 

of the planet. Distance from the surface of the planet to 

the synchronous orbit depends on the planets 

gravitational mass constant (μ) and its angular rate in 

revolutions per second (ω).  

 

Assume this as a two-body problem, the 

geosynchronous distance can be estimated by the 

equation showing below. 

𝑟𝑔𝑒𝑜 = √
𝜇

4 × 𝜋2 × 𝜔2

3
− 𝑟𝑝𝑙𝑎𝑛𝑒𝑡 

 

By using this equation from [ ], the list of the estimated 

height of the synchronous orbit for all planets are given 

below in Table no-1. [7].  

 

Planet μ-km³/sec² ω-rev/sec rGEO-km 

Mercury 2.23× 104 1.98× 10−7 241,323 

Venus 3.26× 105 -4.7× 10−8 1,531,611 

Earth 3.99× 105 1.17× 10−5 35,581 

Mars 4.31× 104 1.12× 10−5 17,137 

Jupiter 1.27× 108 2.82× 10−5 87,772 

Saturn 3.80× 107 2.57× 10−5 52,867 

Uranus 5.82× 106 -1.61× 10−5 59,408 

Neptune 6.90× 106 1.73× 10−5 61,331 

Table-1: Estimated Geosynchronous Distances 

3.1. Concept of Lagrangian orbits 

A Lagrange point [24] is a location in space where the 

combined gravitational forces of two large bodies, such 

as the Earth and the Sun or the moon of the Earth, 

equals the centrifugal force felt by a much smaller third 

body. The interaction of the forces creates a point of 

equilibrium. There are five equilibrium points to be 

found in the vicinity of two orbiting masses. These 

points are named after Joseph-Louis Lagrange, an 18th-

century mathematician who wrote about them in 1772, 

in a paper concerning what he named the "three-body 

problem" [13]. They are also called Lagrangian points 

or Libration points. 

 

Fig 2: Figure represents the three-body problem. 

The procedure for finding the Lagrange points is 

straightforward. The clarifications to the equations of 

motion, which maintain a constant separation between 

the three bodies, are given below. If M1 and M2 are the 

two masses, and ȓ1 and ȓ2 are their respective positions, 

then the total force exerted on a third mass m, at a 

position  �⃗�  , will be as follows: 
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𝐹 =
𝐺𝑀1𝑚

|𝑟 − 𝑟1⃗⃗⃗  |
3
(𝑟 − 𝑟1⃗⃗⃗  )  −  

𝐺𝑀2𝑚

|𝑟 − 𝑟2⃗⃗  ⃗|
3
(𝑟 − 𝑟2⃗⃗  ⃗) 

Where 𝑟1 ⃗⃗  ⃗ and 𝑟2⃗⃗⃗   are function of time and 𝑀1and 𝑀2 is 

orbiting each other. By solving the equation  

𝐹 (𝑡) = 𝑚
𝑑2𝑟1⃗⃗⃗  (𝑡)

𝑑𝑡2  

It is the relative position where third body will remain 

a constant distance away from the first and second 

bodies. It is these stationary solutions that are known as 

Lagrange points. If we look down an orthogonal plane 

at a two dimensional model of the Planet, Sun, Satellite, 

system, we would be able to acquire five Lagrange 

Points. One point in this two dimensional model will 

lie along a straight line from the Sun to the Earth, 

passed the Earth some distance. At this point, the 

gravity of the Sun pulls on the Satellite but so does the 

gravity of the planet keeping the Satellite the same 

distance away from the Earth relatively constantly. 

Again, observing our three body system from an 

orthogonal plane looking down at a two dimensional 

model, another Lagrange point will lie again on a 

straight line from the Sun to the planet but this time 

within the orbit of the planet around the Sun instead of 

outside of it. The gravity of the Sun will act on the 

Satellite pulling it towards the Sun that the gravity of 

the Planet will be pulling the Satellite in the opposite 

direction of the Sun so that the Satellite will remain at 

a relatively constant distance from Planet while the 

Satellite and the Earth orbit the Sun in the three body 

system. There is a third Lagrange point that will lie on 

a straight line from the Planet, through the Sun to a 

point in space that the gravity of the Planet and the 

gravity of the Sun effectively both pull on the Satellite 

as to make the Satellite orbit on the opposite side of the 

Sun relative to the Planet. 

Now we are showing the position of the Lagrange 

points [24], 

𝐿1 : (𝑅 [1 − (
1

3

𝑀2

𝑀1+𝑀2
)
1

3⁄
] , 0), 

𝐿2 : (𝑅 [1 + (
1

3

𝑀2

𝑀1+𝑀2
)
1

3⁄
] , 0), 

𝐿3 : (−𝑅 [1 + (
5

12

𝑀2

𝑀1+𝑀2
)] , 0), 

𝐿4 : (
𝑅

2
[1 − (

𝑀1−𝑀2

𝑀1+𝑀2
)] ,

√3

2
𝑅), 

𝐿5 : (
𝑅

2
[1 − (

𝑀1−𝑀2

𝑀1+𝑀2
)] , −

√3

2
𝑅), 

 

Fig 3: Five Lagrangian points for two body problems 

To understand the Lagrange points, it is essential to 

adopt a frame of reference that rotates with the system. 

The forces exerted on a body at rest in this frame can 

be derived from an effective potential in much the same 

way that wind speeds can be inferred from a weather 

map. The forces are strongest when the contours of the 

effective potential are closest together and weakest 

when the contours are far apart [41]. 

 
Fig 4: A contour plot of the effective potential. 

(https://map.gsfc.nasa.gov/mission/observatory_l2.html) 

 

https://map.gsfc.nasa.gov/mission/observatory_l2.html
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In the above contour plot, we can see that there is an 

orbit created around the Lagrangian point. It is called 

the Lagrangian orbit. The points, L4 and L5 corresponds 

to hilltops and the points L1, L2 and L3 correspond to 

saddles (i.e. points where the potential is curving up in 

one direction and down in the other). This suggests that 

satellites placed at the Lagrange points will have a 

tendency to wander off.  However, when a satellite 

parked at points, L4 or L5, it starts to roll off the hill and 

picks up speed. At this point, the Coriolis force comes 

into play i.e. the same force that causes hurricanes to 

spin up on the earth - and sends the satellite into a stable 

orbit around the Lagrange point [27]. 

 

The five Lagrange points we have derived from the 

three-body problem are named using the following 

system.  

 

These two bodies can be Earth and the Sun or the Earth 

and the moon. If we discuss about the Earth and the Sun, 

we will call it Earth-Sun Lagrangian points. 

Furthermore, if we debate about the Earth and the moon, 

we will refer to it as an Earth-Moon Lagrangian points 

[29]. 

 
Fig 5: Lagrangian points of Earth-Moon system. 

 

We can find the distance of the Lagrangian points from 

the surface of the planet by using the equations of the 

position of Lagrangian points.  

 

3.3. Orbital analysis and recommended orbits 

 In this section, we will analyze and discuss about two 

orbital concepts. One is the synchronous orbit and other 

one is the Lagrangian orbit. Again, we can see that 

there are two types of Lagrangian points, one is the 

Lagrangian points between Sun and the Planet 

(Planetary Lagrangian System) and the other is the 

Earth-Moon Lagrangian points. There are five 

Lagrangian points for each system.  

Among these synchronous orbits and Lagrangian 

points, we will select some specific orbits where we 

want to deploy satellites for developing an 

interplanetary communication super-highway for 

almost the entire solar system. 

The list of the recommended orbits, are given below in 

the Table no-2. 

First about the Synchronous orbit, it is require that at 

least three satellites above the equator in the 

synchronous orbit with equal distances can cover 

almost entire planet (except polar region). We are 

recommending three satellites in the equatorial plane 

for each planet to bring the planet under almost 

complete communication network coverage. But if we 

see the orbital heights of the planets in table-1, the 

orbital height of Mercury (241,323 km) and Venus 

(1,531,611 km) is unlike the other planets. The 

synchronous orbits are far beyond the gravitational 

fields of those planets. So it is practically not feasible 

to deploy satellites in the Synchronous orbits of 

Mercury and Venus. We can deploy satellites in 

Synchronous orbits of all Planets except Venus and 

Mercury. But we can deploy satellites in Inclined-orbit 

around these two planets. 

Now about the Lagrangian orbits. There are five 

Lagrangian orbits, among them 𝐿1 , 𝐿2  and 𝐿3  are 

unstable and 𝐿4  and 𝐿5  are stable [27]. 𝐿4  And 𝐿5 

Planet 
Synchronous 

Orbit 

Lagrangian 

Points 

Mercury N/A L2 

Venus N/A L4 

Earth 3 L4 &  L5 

Mars 3 L4 &  L5 

Jupiter 3 L4 /  L1 

Saturn 3 L4 

Uranus 3 𝐿4 

Neptune 3 𝐿4 

Moon   (Earth-

Moon System) 
N/A L3,  L4 &  L5 

Table-2: The recommended orbits for satellites 
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orbits are good for interplanetary relay satellites. Our 

interplanetary network is based on 𝐿4  and 𝐿5  orbit 

satellites. But in some special we have to use 𝐿1, 𝐿2 and 

𝐿3 orbits. The 𝐿4 orbit is preferable for Venus, Earth, 

Mars, Saturn, Uranus and Neptune. Mercury is very 

close to Sun and it is almost inside the Sun’s inner 

radiation belt. The communication and control may 

damage due to Sun’s extreme radiation if we use the 

Mercury’s 𝐿4 & 𝐿5 orbits. In this case Mercury should 

have satellite in its 𝐿2  orbit then it will remain 

protected under the shadow of Mercury. Again Jupiter 

is a special case. Jupiter is a giant planet and it is near 

to the Asteroid belt, a large number of Trojan Asteroids 

become trapped in the Jupiter’s 𝐿4 & 𝐿5 orbits. If we 

deploy satellites in Jupiter’s 𝐿4  or 𝐿5  orbit, it may 

collides with any of the Trojan Asteroids. If we want to 

deploy satellites in 𝐿4  or𝐿5, we need to have detail and 

precise numerical analysis of the orbits. Otherwise we 

have to deploy satellites in Jupiter’s 𝐿1 orbit. If we use 

𝐿1  orbit, it may increase the conjunction or blocked 

during communication. Again𝐿1, 𝐿2 & 𝐿3 are unstable, 

it will require relatively large number of maneuvers 

than to 𝐿4  & 𝐿5  and the size of the satellites will 

increase and lifetime of the satellites will decrease. Our 

future interplanetary missions and human colonization 

is focusing on Mars. We need to have multiple 

communication links and larger data transfer facilities 

in Mars to support the colonization. So we are 

recommending an additional Lagrangian orbit satellite 

in Mars 𝐿5 orbit to meet the growing needs for future 

mars missions. Finally we need the satellites in Earth-

Moon Lagrangian𝐿3, 𝐿4 & 𝐿5 orbits.  

4. Concept of the system 

Based on the present deep space communication 

network [18] infrastructures operated by different 

space agencies, and with reference to the future 

requirements of communications for solar system 

exploration, we are proposing a Lagrangian Orbit 

Satellite based Network Architecture for 

Interplanetary Communication. It is a combination of 

two different satellite network clusters. 

A. Earth Satellite Network Cluster 

B. Planetary Satellite Network Cluster 

 

Fig 6: Figure shows the Earth Satellite Network 

Cluster. 

The Earth Satellite Network Cluster is for Earth 

satellite constellations consist of three different 

satellite sub-groups. 

a. Earth Geostationary Satellite 

Constellation 

b. Earth-Moon Lagrangian Satellite 

Constellation 

c. Earth-Sun Lagrangian Satellite 

Constellation 

Earth Geostationary Satellite Constellation will 

work as the main gateway to the ground where the 

Earth-Moon Lagrangian Satellite will work as the 

main communication hub for the interplanetary 

communication.  

The Earth-Sun Lagrangian Satellites will work as the 

secondary or alternative communication path. When 

the Earth-Moon Lagrangian satellite link are blocked, 

occupied or is going through a solar conjunction from 

any planet, then the communication will occur through 

the Earth-Sun Lagrangian Satellites. It will produce 

additional signal delays but, it will ensure continuous 

operation of the communication link. 

On the other hand, Planetary Satellite Network 

Cluster is for each planet, which consists of two sub-

groups of satellites. 

i. Planetary Lagrangian Satellite 

Constellation 

ii. Planetary Synchronous Satellite 

Constellation 
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Fig 7: Figure shows the cluster of Planetary Satellite 

Network.  

The Planetary Lagrangian Satellites will work as the 

communication gateway to the respective planet. All 

planetary data will travel through these gateway. 

Furthermore, the Planetary Synchronous Satellites 

will take care of all the inner planetary communications. 

It will communicate with the planetary Probes, orbiter 

satellites, landers, rovers as well as, with future Human 

colonies in different planets. 

4.1. System architecture 

 

Fig 8: Block diagram of the system 

In the above block diagram of the proposed system, 

there are several constellations of advanced 

communication satellites, which will be parked at 

different Lagrangian and planetary orbits. These 

constellations are integrated in such a way, that the 

whole communication network would work as a single 

entity to deliver a high-speed continuous 

communication link to Earth from different planets in 

the solar system.  

The Earth network cluster consists of four 

constellations of communication satellites. These will 

handle all the communication links of Earth to the 

Backbone network cluster described on the previous 

section. They are: 

(a) Deep space network: It is the present deep 

space network operated by various space 

agencies for relay of data from the deep space 

to the ground stations in Earth. 

(b) Earth Geostationary constellation: This is a 

communication satellite constellation that 

links the deep space network from the Earth-

Lagrangian satellites to the Deep Space 

Network. 

(c) Earth-Moon Lagrangian constellation: These 

are advanced communication satellites 

parked on the Lagrangian orbit of the Earth- 

moon system, which relays data to the Earth 

network cluster of communication satellites. 

(d) Earth-Sun Lagrangian constellation: It is an 

advanced communication satellite 

constellation parked on the stable points of 

the Lagrangian orbit of the Earth-Sun system, 

relaying high-speed data to the Earth network 

cluster of communication satellites.  

Please note that there are two Lagrangian constellation 

in the Earth network cluster. This is because, when the 

planets are in conjunction with any one of the Earth 

Lagrangian constellation, all the network would 

automatically use the alternative Earth Lagrangian 

constellation to establish and continue the 

communication link, preventing disruption of 

communications to Earth.  

The Backbone network consists of several high-speed 

communication relay satellites that are parked on 

different Lagrangian orbits of several planets. These 

satellites works as an alternative support 

communication link to the whole inter-planetary 

communication network across the solar system, 

relaying data to/from Earth’s network cluster and links 

the communication network to different planets. These 

are shown on the above diagram in blue. 

Finally, the planetary network cluster contains all the 

individual constellation of communication satellites on 

those planets. These will be parked on the 

recommended orbits of each planets, relaying mission 

critical data and information from that planet’s own 

observation and exploration missions across the whole 

network and send it to Earth.    

By combining all these constellation with various 

independent network clusters, it creates a complete 

communication network. We have managed to design 

a continuous near real-time interplanetary 

communication super-highway with high bandwidth 

for data relay across the entire solar system. The overall 
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top-down view of the whole system across the solar 

system is given in Fig 9.   

5. Required Constellations & Satellite design 

For the entire solar system communication system as 

proposed, it requires four different types of satellite 

constellations.  

a. Earth Geostationary constellation 

b.  Earth Lagrangian constellation 

i. Earth-Moon Lagrangian Constellation 

ii. Earth-Sun Lagrangian Constellation 

c. Planetary Lagrangian constellation 

d. Planetary Synchronous constellation 

The details of each required constellation of the system 

is described on the next several sections. 

5.1. Earth-Geo constellation 

The first required satellite constellation is Earth 

Geostationary constellation. It is actually a Tracking 

and Data Relay Satellite Constellation [ ]. The purpose 

of this constellation is to track the other satellite 

constellations and send/receive data from/to Earth’s 

ground station and Earth’s Lagrangian satellites. It will 

receive commands from the ground station and send it 

to the Earth Lagrangian constellation.  It will also 

receive data from the Earth Lagrangian satellites and 

send it to the ground station. 

In present, there are few Data Relay Satellite Networks. 

We can use them for our interplanetary 

communications. Alternatively, we can develop 

dedicated Next Generation Data Relay Satellite 

Network for interplanetary communication, where the 

present Data Relay networks can also be used for Earth 

communication purposes.  

At present, the most widely used Data Relay Networks 

are NASA’s Tracking and Data Relay Satellite (TDRS) 

and ESA’s European Data Relay System (EDRS). 

 

Fig 10: Tracking and Data Relay Satellite (TDRS) 

Network Constellation. 

5.2. Earth Lagrangian Constellations 

As we discussed earlier in orbital analysis, there are 

two types of Lagrangian points belonging to Earth: 

Earth-Sun Lagrangian points and Earth-Moon 

Lagrangian points. It is required to have deployed 

satellite constellations in both Lagrangian systems. 

Fig 9: System Architecture of the proposed system 
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However, we want to deploy satellites in only L4 & L5 

points of Earth-Sun Lagrangian system and in L3, L4 & 

L5 points of Earth-Moon Lagrangian system. Satellites 

in Earth-Moon Lagrangian points will be used as a 

primary interplanetary Data Relay Satellite towards 

Earth and the satellites in the Earth-Sun Lagrangian 

points will be used as a secondary / emergency / 

conditional Data Relay Satellites. As the distance from 

the L4/ L5 points of Earth-Sun system to Earth surface 

is significantly larger than the distance from the L4/ L5 

points of Earth-Moon system, the interplanetary 

communication link of the Earth-Sun L4/ L5 Lagrangian 

satellites will show large communication delay and 

also greater power consumption. 

The satellites may face larger conjunction in the 

planetary communication if we deploy it in the Earth-

Moon Lagrangian points. When the Earth-Moon L4/ L5 

satellites will face solar conjunctions, we will use 

Earth-Sun L4/ L5 Lagrangian satellites to ensure 

continuous interplanetary communication, thus 

avoiding disruption in communication. 

5.2.1. Earth-Moon Lagrangian Constellation 

 

Fig 11: Satellite constellation in the Lagrangian points 

of Earth-Moon system. 

The most important constellation of the proposed 

system is the Earth-Moon Lagrangian Data Relay 

Constellation. The earth-moon system have five 

Lagrangian points. Not all the points are suitable for 

this system. We propose to put one satellite each in L3, 

L4 and in L5 orbit of Earth-Moon system. These three 

satellites will work together as a communication hub 

for the entire solar system communication. This 

satellite constellation will communicate with other 

planet’s Lagrangian satellites as well as with the 

planetary synchronous orbit satellites (if necessery) 

and Earth’s geostationary Data Relay Satellites. There 

will be a high speed optical communication link 

between L3- L4, L4- L5 & L5- L3 satellites for supporting 

of high data rate communication and providing Near 

Real Time (NRT) communication. These satellites will 

be the largest among all the other satellites required for 

the system. It needs to carry additional communication 

modules for simultaneous multiple planetary 

communication and also for backup communication 

channels. While designing the system, we realized that, 

this satellite constellation is the most critical of all 

systems, because if these fails, the whole 

communication system may fail. Therefore, it requires 

more system protection and will have much higher 

power consumption. Larger solar array may fulfill the 

power requirements but we recommend to use a 

Radioisotope Thermoelectric Generator [26] or a 

Small Nuclear Power Reactor as the power source, as 

it would provide better service and longer lifetime of 

the satellites. 

 

Fig 12: Block Diagram of Earth-Moon Lagrangian 

Satellite. 

Additionally, if we want to cover the communication 

from the far side of the moon, as many past and future 

lunar exploration missions [9] require it, we can put a 

Relay Satellite in Earth-Moon L2 Halo orbit [21] to 

achieve continuous communication with the Moon. 

 

Fig 13: Satellite in L2 halo orbit shows the continuous 

Earth-Moon communication. 

5.2.2. Earth-Sun Lagrangian Constellation 

Satellites in the L4/ L5 points in the Earth-Sun system is 

less preferable to us for interplanetary communication. 

This is because, there is an important issue for this 

communication link, as the distance from the Earth to 

L4/ L5 points is equal to the distance of Earth and the 

Sun i.e. approximate 149.6 million kilometers. This 

adds a significant amount of delay during 
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communication, preventing us to use these satellites as 

the primary relay Satellites.  

 

Fig14: Earth-Sun Lagrangian satellite constellation. 

However, the satellites can reduce significant amount 

of solar conjunctions, ensuring Near Continuous 

Communication [17] as shown in the figure. When the 

satellites in Earth-Moon L4/ L5 falls in the period of 

solar conjunction, we will use the Earth-Sun L4/ L5 

satellites to ensure our communication. We can use 

these satellites if the Earth-Moon L4/ L5 becomes 

unavailable or occupied for other planetary 

communication. It can also be used as an alternative 

primary relay satellite if the satellites at Earth-Moon L4/ 

L5 fails. As we have mentioned earlier, if the satellites 

in Earth-Moon L4/ L5 fails, the whole communication 

link may also fail. In these circumstances, the Earth-

Sun L4/ L5 will be used as the backup communication 

path for the whole system. 

 

The basic design of these satellites will be similar to the 

satellites of Earth-Moon L4/ L5 except for few changes 

and modifications. The main change is in the 

communication module. The signals of the Earth-Moon 

L3/ L4/ L5 satellites need to travel approximately 

384,000 km where the signals of the Earth-Sun L4/ L5 

satellites need to travel around 149.6 million km to 

reach the earth. Therefore, the communication module 

needs to be larger and powerful, depending on the 

additional distance.  

5.3. Planetary Lagrangian Constellation 

As like the Earth, other planets also have Lagrangian 

points. We propose to deploy satellites in some planet’s 

Lagrangian orbits. With the Earth Lagrangian 

constellation, these planetary Lagrangian 

constellations will work as the communication hub of 

the Communication Super Highway for the entire solar 

system communication and future outer solar system 

exploration missions. These planetary Lagrangian 

satellites will communicate between Earth Lagrangian 

satellites and planetary satellite constellations and will 

act as Data Relay Satellites. But, the structure and 

modules of these satellites would be different, 

depending on which planet it will be placed. Here, we 

also recommend the Radioisotope Thermoelectric 

Generator or a Small Nuclear Power Reactor as its 

primary power source.  

Fig15: Earth-Mars communication during solar conjunction through Inter-Lagrangian data relay satellites. 
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5.4. Planetary Synchronous Constellation 

 

Fig 16: Basic structure of planetary synchronous relay 

satellite network. 

For a complete interplanetary communication system, 

we need to have a planetary synchronous orbit satellite 

constellation. It will be similar to Earth’s 

geosynchronous constellation. We know, that if we 

send three satellites in geosynchronous orbit with equal 

distance, it can communicate with the entire planet 

(except Polar Regions). For continuous planetary 

communication, we propose three satellites in the 

stationary orbit of each planets, so that we can get 

continuous interplanetary communication. These 

satellites will communicate with planetary probe 

missions such as Curiosity in Mars and get data to send 

back to Earth through the network. It will also support 

the planetary orbiter missions [42], like imaging or 

atmospheric research missions. Generally imaging 

satellites orbits near the planets in lower orbits, as like 

the sun-synchronous polar orbit. The synchronous orbit 

satellites will receive data from the imaging or research 

satellites and send it to the Lagrangian satellites. It will 

also support receiving commands from the Earth to the 

probe or lower orbit satellites in the planet. This 

satellite cluster can provide vital communication 

support for future planetary human colonization 

missions. This satellite would be smaller.    

 

Fig 17: Block Diagram of Planetary Synchronous 

Satellite 

6. Interplanetary Communication 

There are two main technics for any interplanetary 

communication.  

i. Direct to Earth (DTE) communication 

ii. Communication through Planetary Relay 

Satellites 

In our observation, we have recognized that it is better 

to communicate through interplanetary relay satellites 

than communication through the Direct to Earth 

communication links. It can reduce the size of the 

spacecrafts communication module, resulting in a 

smaller sized spacecraft. We can divide the deep space 

communication links into different parts. 

In this section, we are going to discuss about 

Interplanetary Communication through Inter-

Lagrangian Data Relay Satellite Constellation and 

analysis of different communication links. 

 

Fig 18: Block Diagram of Inter-Planetary 

Communication through data relay satellite 

constellations. 

Figure shows the basic block diagram of interplanetary 

communication. To communicate with any planet from 

the ground, we have to communicate through the 

ground station. The primary ground station can be the 

existing ground stations of the Deep Space Network, 

operated by different space agencies. From these 

ground station networks our interplanetary 

communication would commence. The ground station 

networks will communicate with the Earth 

Geostationary relay satellites. Geostationary satellites 

will have communication links with other 

geostationary satellites. In this way, we can get 

communication links from not only the Deep Space 

Networks, but also from other ground stations around 

the earth. The Geostationary satellites will primarily 

communicate with the Earth-Moon Lagrangian orbit 

satellites. The Earth Lagrangian orbit satellites will 

communicate with the satellites in the planetary 

Lagrangian orbit of the target planet, which we want to 

communicate with. If the planet come under solar 
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interference or conjunction, the communication will 

then happen through the satellites in the Earth-Sun 

Lagrangian (L4 or L5) orbit. In this situation, the 

geostationary satellites will communicate with the 

Earth-Sun Lagrangian orbit satellites and these 

satellites will communicate with the planetary 

Lagrangian orbit satellites. The planetary Lagrangian 

orbit satellites will maintain the communication links 

with the satellites in the stationary orbit of that planet. 

The planetary stationary orbit satellites will play the 

main role in the complete interplanetary 

communication. These satellites will communicate 

with the planetary probes, orbiters, landers, rovers and 

as well as with the future human colonies in different 

planets. There will be high speed optical inter satellite 

links between the planetary stationary orbit satellites. If 

we deploy three satellites, separated by equal distance 

in the synchronous orbit above the equator of the target 

planet, we can communicate with almost the entire 

planet (except the Polar Regions).  

With implementation of this network architecture, 

in any time we can communicate from anywhere of 

the Earth to almost any location of any planet of the 

entire Solar System. 

The interplanetary communication links have two 

major factors: carrier signal loss and the increase in 

noise. The main carrier signal loss includes planetary 

atmospheric loss, planetary sandstorm effect, solar 

scintillation loss, free space loss and Earth’s 

atmospheric loss.  

The atmospheric loss is caused by attenuation of the 

electromagnetic signals due to the atmosphere. The 

main signal loss is carried out by free space loss due to 

the long transmission distance.  

The equation for the free space losses can be expressed 

by the equation below. 

𝐿𝑓 = 20 log 𝑓 + 20 log𝑑 + 92.442 

Where, d is transmit distance in km, f is the frequency 

in the unit of MHz. 

Moreover, the noise increase originates from mainly 

cosmic noises and receiver thermal noises. 

The characteristics of the radio wave firstly depends on 

its frequency bands, which are given below in Table no. 

Table-3: IEEE frequency standard. 

Now, we are going to discuss about the communication 

links under this network architecture. 

6.1 Ground Station to Geostationary    Satellite 

Communication 

 

Fig 19: Ground to Geostationary communication 

The first link is the Earth Ground Station to 

Geostationary satellites. The orbital height of the 

geostationary satellites is 35,581 km. Therefore, the 

minimum link distance is 35,581 km. By using modern 

geostationary satellite communication technology such 

as EDRS, we can ensure very high speed ground to 

geostationary communication links. The minimum 

communication delay will be 118.87ms. 

A particular property that makes geostationary 

satellites extremely attractive is their capacity to 

broadcast. Antennas anywhere in the satellite’s 

coverage area can pick up the re-transmitted signal. 

This can be the size of a country, a region, a continent, 

or even an entire hemisphere. Anyone with an antenna, 

Frequency 

Band 

Frequency Wavelength 

HF 3-30 MHz 100-10 m 

VHF 30-300MHz 10-1 m 

UHF 300-1000 MHz 100-30 cm 

L 1-2 GHz 30-15 cm 

S 2-4 GHz 30-15 cm 

C 4-8 GHz 15-7.5cm 

X 8-12 GHz 7.5-3.75 cm 

Ku 12-18 GHz 3.75-2.5 cm 

K 18-27 GHz 1.67-1.11 cm 

Ka 27-40 GHz 1.11-7.5 mm 

V 40-75 GHz 7.5-4 mm 

W 75-110 GHz 4-2.73 mm 
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sometimes as small as 40–50 cm in diameter, can 

become a direct user of the satellite. 

 

Fig 20: Figure shows the Earth Geostationary satellite 

constellation and links. 

The geostationary satellites will not only have the 

Ground-to-Geo links, they will also have the Geo-to-

Geo communication links. The distance between two 

geostationary satellites will be approximately 72,675 

km. The corresponding signal propagation delay will 

be 242.4ms.  

6.2 Earth-Moon Lagrangian Orbit links 

Satellites in the Moon Lagrangian orbit L3, L4, L5 will 

be the main hub for interplanetary communication. 

There will be some different communication links as 

like Lagrangian L3-to- L4 link, L4-to- L5 links, and L4-to-

Geo links etc.  

 

Fig 21: Geostationary and Earth-Moon Lagrangian 

Satellite network as primary Interplanetary 

Communication hub. 

We have estimated all the links and calculated the 

distances in the table showing below. 

 

Links Distance (km) Delay (sec) 

L4-to- L5 665,800 2.220 

L3-to- L4/ L5 667,487 2.226 

L4/ L5-to-Geo 348,419 1.162 

L3-to-Geo 382,776 1.276 

Table-4: Table shows the links and link distances of 

Earth-Moon Lagrangian orbit constellation 

6.3 Earth-Sun Lagrangian Orbit Links 

Earth-Sun Lagrangian orbit satellites will be parked in 

the Lagrangian points as the 

backup/emergency/secondary communication channel 

as it adds significant amount of delay to the system 

because of the satellites in L4 or L5 orbit is at the 

distance equal to the distance of Earth from the sun, 

which is around 149.6 million kilometer. The 

propagation delay is around 449.01. 

6.4 Inter-Lagrangian Communication Links 

The Inter-Lagrangian communication link is the most 

complex out of all the links under this system 

architecture. For this communication, both Lagrangian 

orbit satellites' antennas need to be synchronized to 

each other with respect to the planetary motion. It is a 

very long distance communication, so that a small 

fractional change of antenna direction can cause large 

change in signal reception. Therefore, it requires a very 

high precision antenna synchronization to make the 

communication. This communication is the lifeline for 

the interplanetary communication through Data Relay 

Satellites. 

Now we are going to discuss about the issues related to 

the Inter-Lagrangian communication. 

6.4.1 Interplanetary distance 

Nowadays, planetary motions are well understood and 

can be precisely calculated [23]. Distance between two 

planets varies due to the relative motion of the planets. 

Now, we are estimating the minimum and maximum 

distance between the planets [7] based on two 

assumptions: First, distance corrections due to orbit 

inclination were ignored because they were too small. 

Secondly, due to the numerical approach used, 

distances calculated were based upon orbit segment 

that divides a planet’s orbit into 3600 segments or 1/10 

of a degree. 
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This assumption produced distance errors in the 

Maximum Inter-Planetary Distances (km) 

 Sun Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune 

Sun  6.98E+7 1.09E+8 1.52E+8 2.49E+8 8.16E+8 1.50E+9 3.03E+9 4.54E+9 

Mercury 4.60E+7  1.77E+8 2.17E+8 2.95E+8 8.62E+8 1.55E+9 3.08E+9 4.58E+9 

Venus 1.07E+8 3.77E+7  2.60E+8 3.57E+8 9.23E+8 1.61E+9 3.14E+9 4.64E+9 

Earth 1.47E+8 7.73E+7 3.82E+7  3.96E+8 9.63E+8 1.65E+9 3.18E+9 4.68E+9 

Mars 2.07E+8 1.37E+8 3.09E+8 5.46E+7  1.02E+9 1.71E+9 3.24E+9 4.74E+9 

Jupiter 7.41E+8 6.71E+8 6.32E+8 5.89E+8 4.92E+8  2.24E+9 3.77E+9 5.31E+9 

Saturn 1.35E+9 1.30E+9 1.26E+9 1.20E+9 1.47E+9 5.31E+8  4.38E+9 5.99E+9 

Uranus 2.74E+9 2.67E+9 2.63E+9 2.58E+9 2.49E+9 1.92E+9 1.24E+9  7.52E+9 

Neptune 4.49E+9 4.42E+9 4.38E+9 4.34E+9 4.24E+9 3.67E+9 2.99E+9 1.46E+9  

Minimum Inter-Planetary Distances (km) 

Table-5: Range of Distances throughout the Solar System [7] 

 

Maximum one way Inter-Planetary free-space Delay (seconds) 

 Sun Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune 

Sun  233 363 507 832 2722 5006 10116 15131 

Mercury 153  596 740 1064 2954 5239 10348 15363 

Venus 358 126  871 1195 3085 5370 10479 15494 

Earth 491 258 127  1339 3229 5514 10623 15638 

Mars 689 457 326 182  3553 5838 10947 15962 

Jupiter 2471 2238 2108 1964 1640  7728 12837 17852 

Saturn 4494 4261 4131 3987 3663 1773  15122 20137 

Uranus 9126 8894 8763 8619 8295 6405 4120  25246 

Neptune 14980 14747 14617 14473 14148 12258 9974 4864  

Minimum one way Inter-Planetary free-space Delay (seconds) 

Table-6: Range of 1-way free space delays throughout the solar system without conjunctions [7] 

Maximum Solar Conjunction Availability 

 Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune 

Mercury  0.918377 0.918377 0.918377 0.918377 0.918377 0.918377 0.918377 

Venus 0.879918  0.946626 0.946626 0.946626 0.946626 0.946626 0.946626 

Earth 0.879918 0.945923  0.961282 0.961282 0.961282 0.961282 0.961282 

Mars 0.879918 0.945923 0.96002  0.975865 0.975865 0.975865 0.975865 

Jupiter 0.879918 0.945923 0.96002 0.97115  0.991822 0.991822 0.991822 

Saturn 0.879918 0.945923 0.96002 0.97115 0.99111  0.995033 0.995033 

Uranus 0.879918 0.945923 0.96002 0.97115 0.99111 0.99460  0.996966 

Neptune 0.879918 0.945923 0.96002 0.97115 0.99111 0.99460 0.99676  

Minimum Solar Conjunction Availability 

Table-7: Range of Solar Conjunction Availabilities with Geosync Jamming [7] 
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thousands of a percent for all of the planets except 

Mercury, which had the largest error of ±0.0367%. [7] 

The largest distances between planets are in the upper 

right area and the smallest in the lower left of Table-5. 

Based on the estimated distances, we can estimate the 

range of propagation delay [7]. A simplified model of 

propagation delays consider only two types of delay, 

the first is the free space delay and the second is the 

planetary delay. Sum of these delays yield an estimate 

of total delay [7]. 

6.4.2 Inter-Planetary free-space propagation Delay 

The electromagnetic wave travel through the space at 

the speed of light (c). Time required to travel the 

electromagnetic wave from one place to another is 

called the propagation delay. In earth, the EM wave 

propagation delay is so small so that we do not feel it 

directly except in precision calculations.  

 

Usually it is fraction of a second, but in interplanetary 

or deep space communications, the propagation delay 

has a direct or visible effect, i.e. it can vary from few 

minutes to few hours. The estimated free space 

propagation delay between the planets has been shown 

in Table-6. 

6.4.3 Solar Interference and Conjunctions 

For interplanetary communication, the Sun makes 

significant amount of interference to Line Of Sight 

(LOS) communications. As the sun moves between 

two inter-planetary objects, the ability to maintain 

communications degrades until it is no longer possible 

to operate. These periods of interferences are called 

conjunctions [17].  

 

Fig 22: Earth-Sun-Mars occult region (from Provo, 

2011b) 

 

6.5 Planetary Links 

All the planetary links have two parts. 

i. Planetary Lagrangian Orbit Links 

ii. Planetary Synchronous orbit links 

6.5.1. Planetary Lagrangian Orbit Links 

Planetary Lagrangian orbit satellites have two different 

links. The first one is the Inter-Lagrangian 

communication link. It is for communicating with 

Earth Lagrangian orbit satellites. The other one is the 

Planetary Lagrangian orbit links. This link will be used 

to communicate with the satellites in the planetary 

synchronous orbit. Now, we are going to assess the link 

distance and propagation delay of the planetary 

Lagrangian orbit links. 

Table-8: Planetary Lagrangian orbit link distance and 

propagation delay. 

6.5.2. Planetary Synchronous orbit links 

Planetary synchronous orbit satellites have three 

communication links. The first one will be used to 

communicate with the satellites in the planetary 

Lagrangian orbits. The second link will be used to 

communicate with the surface of the planet or with the 

satellites in different orbits that are orbiting the planet. 

Any rover, lander, orbiter of probes that will be sent to 

that planet can use this links to communicate with earth. 

It is the most vital links in our interplanetary 

communication system. This link will work as an 

interface with any spacecrafts or mission specific 

modules. 

Our third link is the GEO-to-GEO links. It is a link 

between two planetary synchronous orbit satellites. It 

is preferable to have high-speed optical communication 

link between these two satellites. This link will be used 

Planet 

L1/ L2-to-Planet L4/ L5-to-Planet 

Distance 

106(km) 
Delay 
(sec) 

Dista
nce 

 106 
(km) 

Delay 
(sec) 

Mercury 0.2203 0.73 57.91 193.16 

Venus 1.0109 3.37 108.2 360.91 

Earth 1.4962 4.99 149.6 449.01 

Mars 1.0822 3.61 227.9 760.19 

Jupiter 26.5264 88.48 778.9 2598.13 

Saturn 65.4695 218.383 1434 4783.31 

Uranus 70.0860 233.78 2871 9576.63 

Neptune 115.941 386.73 4495 14993.73 
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to support the communications from anywhere of any 

planet of the solar system in near real time. 

Now, we will calculate all the link distances and delays 

of planetary synchronous orbit satellites. 

Planet 

GEO 

Orbit 

Height 

(km) 

Delay 

(ms) 

GEO-to-

GEO 

Distance 

(km) 

Delay 

(ms) 

Mercury 241,323 804 422,208 1408 

Venus 1,531,611 5108 2,663,310 8883 

Earth 35,581 118 72,675 242 

Mars 17,137 57 35,564 118 

Jupiter 87,772 292 275,853 920 

Saturn 52,867 176 195,955 653 

Uranus 59,408 198 146,826 489 

Neptune 61,331 204 148,875 496 

Table-9: List of planetary link distances. 

6.6 Direct to Earth (DTE) Communication 

It is vital that all the satellites need to have a Direct to 

Earth (DTE) communication link. DTE is a reliable and 

proven link, which up to now almost all the 

interplanetary or deep space mission have been using. 

These communications had and currently being done 

by using Deep Space Networks (DSN) of different 

space agencies. It provides some advantages in deep 

space communications. In ground, there is no shortage 

of power unlike the spacecrafts, so we can send high 

power RF signals to communicate as well as use highly 

sensitive and advanced receiving modules for decoding 

the received signals. In ground, we can decode and 

extract usable data from a very low power received 

signal, which is not possible by spacecraft’s onboard 

communication systems.  

However, it has also some disadvantages. When we use 

DTE links, the spacecraft is required to send high 

powered RF signals to reach the earth before saturation 

occurs. The DTE links also have a very low data rate 

speeds. Usually, it is in kilobit per second speeds, 

which decreases to few hundred bits per second. 

It is not that much feasible for high volume 

interplanetary deep space communication, but it is 

useable for its high reliability.  

The main use of DTE links is to send tele command to 

a spacecraft or to receive the telemetry signals from it. 

Our system will also require DTE links but, mainly for 

backup communications. We will use it for receiving 

mission critical data or for sending the tele command 

to the spacecraft. In general, the telemetry data or 

telecommand signal will travel through the telemetry 

relay channels of the proposed system.  

Now we will calculate the distances of all the DTE 

links. 

DTE 

Links 
Distance (km) 

Ground-

to-GEO 
35,581 

Ground-

to-Moon 
L3 

386,347 

Ground-

to-Moon 

L4/ L5 

382,776 

Ground-

to-Earth-

Sun L4/ 
L5 

149.6 × 106 𝑘𝑚 

Earth-to-

Moon 
382,776 

Ground-

to-

Planetar

y 

Satellites 

Planet Max (km) Min (km) 

Mercury 2.17× 108 7.73× 107 

Venus 2.60× 108 3.82× 107 

Mars 3.96× 108 5.46× 107 

Jupiter 9.63× 108 5.89× 109 

Saturn 1.65× 109 1.20× 109 

Uranus 3.18× 109 2.58× 109 

Neptune 4.68× 109 4.34× 109 
 

 

Table-10: List of all Direct to Earth (DTE) link 

distances. 

7. Concept of Operation 

In the proposed system, the interplanetary 

communication happens through multiple data relay 

satellites. We have split the longer Direct to Earth 

(DTE) links into several smaller data relay links so that, 

all the satellites can be operated by low power and 

smaller communication modules. 

To communicate from the earth to any planet, we need 

to send signals from the Deep Space Networks or from 

other ground stations to the geostationary data relay 

satellites. The geostationary satellites will have GEO-

to-GEO high speed optical link. With this optical link 

we can communicate from anywhere of the earth by 

using any data relay satellite to make the interplanetary 

communication. The geostationary satellites will send 
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the signals to the nearest Earth-Moon Lagrangian orbit 

satellite. There will also be an optical communication 

link between Earth-Moon Lagrangian orbit satellites. 

The system will define which satellite it will use to 

make Inter-Lagrangian Communication. The signal 

will then send data to the planetary Lagrangian orbit 

satellite. If the Earth-Moon faces the solar conjunction 

the communication will happen through the Earth-Sun 

Lagrangian orbit satellite. In this case, the 

geostationary satellites will send signal to the Earth-

Sun Lagrangian orbit satellite. This Lagrangian orbit 

satellites will then make the Inter-Lagrangian 

communication and send signals to the planetary 

Lagrangian orbit satellites. The planetary Lagrangian 

orbit satellites will send that signal to the nearest 

planetary synchronous orbit satellite. The planetary 

synchronous orbit satellites will have optical 

communication links with each other. The synchronous 

orbit satellites will then send the signals to the satellites, 

which will be covering the area of that location that we 

want to communicate with. Then, the synchronous 

orbit satellites will send signals to that location or the 

orbiter, lander, rover, probes or any other receiving 

modules or human colonies. To send the signals from 

any planet to the earth, the communication route used 

will be vice-versa.  

As an example, NASA’s Curiosity rover is currently 

operating in the Mars surface. If Curiosity wants to 

send data to the earth, it would need to send the data to 

the satellites in the Mars synchronous orbit that is 

around 17,137 km above the surface. The synchronous 

orbit satellite will send data to the satellite in the Mars 

Lagrangian orbit. The data will be sent to the Earth 

Lagrangian orbit satellites. Earth Lagrangian orbit 

satellites will relay that data to the geostationary 

satellites and these satellites will further relay the data 

to the ground stations operating on earth.  

In this case, the Curiosity rover needs to send signals to 

only around 17,137 km away to reach the earth. On the 

other hand, if the Curiosity uses Direct to Earth link, it 

is needed to send signals to a minimum 5.46× 107 km 

to maximum 3.96× 107 km away to reach the earth. 

This would result in requiring a tremendously large 

communication module and have greater power 

consumption.  

The system will have three communication links that 

that will work together. The first communication link 

will be the data link. The interplanetary data link should 

use Ka Band (27-40 GHz) for high-speed data 

communications. There should be a dedicated live 

communication link for every future interplanetary 

communication. We propose that there should be an X-

Band (8-12 GHz) communication link alongside a Ka 

Band data links to achieve dedicated live 

communications. There should be another 

communication link, which is for Telemetry and 

Telecommand relay. For operating the spacecrafts, we 

need to get Telemetry data from it and send the 

command to the spacecrafts. The proposed system will 

also have a low data rate UHF channel to relay the 

Telemetry and Telecommand data. These three link 

will be common and present in all the data relay 

satellites. 

There will also be other types of communication links 

such as a high speed optical communication link [43]. 

Not all the satellite constellations will have that optical 

links. The optical modules need to have high precision 

and higher directive receiver and transmitter modules. 

Optical links are mostly feasible as an inter-satellite 

links for stationary satellites. In this system, our 

proposal is to develop high speed optical 

communication links between the synchronous orbit 

satellites such as geostationary satellites and other 

planetary stationary orbit satellites. The optical links 

also need to be established between the Earth-Moon 

Lagrangian orbit satellites. 

For using multiple relay satellites, the system will have 

multiple communication paths. The communication 

path will be defined by the availability of the 

communication channel and finding the shortest path.  

Additionally, in the future we can use onboard AI 

accelerator [44] and a next generation onboard 

computing system [45] to define the communication 

paths and to control the spacecrafts by using Machine 

Learning (ML) and Deep Learning (DL). 

Some Lagrangian points are unstable L1, L2 & L3 and 

some are stable L4 & L5 [27]. Satellites in the 

Lagrangian orbits required station keeping [33]. There 

are different methods [38] for station keeping the 

satellites in different L points [34]. The stable L4 & L5 

require smaller maneuver for station keeping and 

satellites in the L1, L2 and L3 points’ relatively larger 

number of maneuver [36]. Among the Earth 

Lagrangian satellites only one satellite (Earth-Moon L3) 

is in unstable orbit. To maintain continuous 

communication we need that L3 satellite. This satellite 

require more maneuvers than L4 or L5 satellites. So this 

satellite should be larger in size related to others. Again 

in planetary Lagrangian orbits, Jupiter have large 

number of Trojan Asteroids [37] trapped in Lagrangian 

L4 & L5 [35]. If we use Jupiter’s L4 or L5 there are risks 

of collision of satellites with asteroids. So it is 

preferable to deploy satellite in Jupiter’s L1 halo orbit. 

Satellites in L1 Halo orbit [39] also requires relatively 

large number of maneuvers. Either we can define 

precise numerical determination of Libration 

trajectories in Jupiter’s L4 & L5 to avoid collision or we 

have to use L1 orbit that will increase mass of the 

satellite and may show some smaller solar conjunction. 

Overall we should develop some strategy for long term 

station keeping in Lagrangian orbits. 
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This network architecture can deliver a large number of 

advantages for present and future exploration and 

communication missions of the solar system. One of 

the advantages is that, it will reduce significant amount 

of size of any spacecraft, which would be designed to 

use this satellite network. 

CubeSats have a diverse and large number of usages 

within a very low economic cost. However, CubeSats 

have some limitations for operating of interplanetary 

and deep space exploration missions. By implementing 

the proposed system, CubeSats will be operational 

throughout the solar system, which will ensure the 

diversity and overcome communication restrictions of 

solar system exploration missions. 

It can support future asteroid mining [32] missions, 

communicating with the next generation space station 

that is going to be deployed in Earth-Moon L2 halo orbit. 

Additionally, future Lunar and Mars human 

colonization and exploration missions will be 

supported for different moons and planets throughout 

the solar system. It can also support the outer solar 

system exploration missions. We believe that the 

concept of Deep Space Communication will change 

with the implementation of this Inter-Lagrangian 

based Data Relay Satellite Constellation.   

8. Conclusion 

 This paper introduces the concept, architecture and the 

means to setup an interplanetary communication 

system that is based on Lagrangian orbits. Through 

detailed orbital analysis of Lagrangian orbits around 

different planets, it has been shown that a constellation 

of advanced communication satellites can be deployed 

to create the next generation interplanetary 

communication system, used to support future 

planetary and colonization missions to the planets. In 

addition, system design of proposed next generation 

communication satellites is also presented, which 

dramatically improves the efficiency and data transfer 

rate of deep space communications. It can be seen from 

the analysis and justifications provided, that although 

the deep space communication technologies have 

advanced at a tremendous pace, there is still a lot more 

of testing and prototyping to be done for the 

implementation of future interplanetary 

communication system. A great deal of data are still 

needed to fully understand and verify the precise orbital 

mechanics of Lagrangian orbits around planets. For 

this, a great deal of funding and time would be needed 

to be invested for developing the system. However, 

through all these limitations, if it is possible to 

implement this system, mankind would have an 

achievable and exceptional start for future 

interplanetary colonization missions.      
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