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ABSTRACT

The interplanet internet is a conceived computer network in space,
consisting of a set of network nodes that can communicate with each
other. These nodes are the planet’s orbiters (satellites) and landers (e.g.
robots, autonomous machines, etc.) and the earth ground stations, and
the data can be routed through Earth’s internal internet. As resource
depletion on Earth becomes real, the idea of extracting valuable
elements from asteroids or using space-based resources to build space
habitats becomes more attractive, one of the key technologies for
harvesting resources is robotic space mining( minerals, metals, etc.,) or
robotic building of space settlement. Robots have been designed to
walk, swim, climb, push pellets, carry payloads, etc., and work together
in a site either to construct a habitat or unearth/mine the surface for
minerals. Here in this paper, we present an evolutionary algorithm which
Is a process of selecting the shape of robots body and its distribution of
legs and structure that are automatically designed in simulation to
perform a specific task. This paper presents an addressable information
network based on the evolutionary process which is based on natural
selection/ selection of the fittest to implement interactive collaborative
process for building space settlement or mining the space. We present
an evolutionary strategy implementation to solve complex collaborative
problems in modern information networks by exploiting the possibilities
offered by evolutionary process or natural selection. As it is planetary
based architecture, the results could not be tested due to unavailability
of large wireless networks over long distances however, the proposed
iImplementation was tested with small population of sample candidates
and the results are effective in addressing efficiency in resources among
varied crew of available robotic resources at the planetary level to
achieve desired objective of inter-planetary exploration/exploitation.



INTRODUCTION

Inter-planetary exploration, be it Lunar habitation, asteroid mining, Mars
colonization or planetary science/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. The communication capabilities of this interplanet
information highway need to be designed to offer; 1) continuous data, 2)
reliable communications, 3) high bandwidth and 4) accommodate data,
voice and video.

The interplanetary Internet is a conceived computer network in space,
consisting of a set of network nodes that can communicate with each
other. These nodes are the planet's orbiters (satellites) and landers (e.qg.,
robots), and the earth ground stations. For example, the orbiters collect
the scientific data from the Landers on Mars through near-Mars
communication links, transmit the data to Earth through direct links from
the Mars orbiters to the Earth ground stations, and finally the data can
be routed through Earth's internal internet. Interplanetary communication
Is greatly delayed by interplanetary distances, so a hew set of protocols
and technology that are tolerant to large delays and errors are required.
The interplanetary Internet is a store and forward network of internets
that is often disconnected, has a wireless backbone fraught with error-
prone links and delays ranging from tens of minutes to even hours, even
when there is a connection. In the core implementation of Interplanetary
Internet, satellites orbiting a planet communicate to other planet's
satellites. Simultaneously, these planets revolve around the Sun with
long distances, and thus many challenges face the communications. The
reasons and the resultant challenges are: The interplanetary
communication is greatly delayed due to the interplanet distances and
the motion of the planets. The interplanetary communication also
suspends due to the solar conjunction, when the sun's radiation hinders
the direct communication between the planets. As such, the
communication characterizes lossy links and intermittent link
connectivity.

The graph of participating nodes in a specific planet to a specific planet
communication, keeps changing over time, due to the constant motion.
The routes of the planet-to-planet communication are planned and



scheduled rather than being fluctuating. The Interplanetary Internet
design must address these challenges to operate successfully and
achieve good communication with other planets. It also must use the few
available resources efficiently in the system.

While IP-like SCPS protocols are feasible for short hops, such as ground
station to orbiter, robots to lander, lander to orbiter, probe to flyby, and
so on, delay-tolerant networking is needed to get information from one
region of the Solar System to another. It becomes apparent that the
concept of a region is a natural architectural factoring of the
Interplanetary Internet.

A region is an area where the characteristics of communication are the
same. The Interplanetary Internet is a "network of regional internets".

Examples of regions might include the terrestrial Internet as a region, a
region on the surface of the Moon or Mars, or a ground-to-orbit region.

SYSTEM ARCHITECTURE

The overall communication system architecture for the planetary
information highway between earth and mars and also between earth
and moon is given below in Figure 1 however, for all practical purposes
we will consider network between earth and mars as communication
delays between earth and our moon are minimal because of shorter
distance compared to the planet mars.

Satellite O Satellite
Satellite Satellite
Amor Asteroid — Earth Trojan Asteroid - Mars
Earth O Mars Ii

Fig. 1 Planetary Satellite Link

Since the earth already has a substantiate internet infrastructure suitable
to transfer video, voice and data, we tum our attention to the



communications subsystem of the proposed satellites that would orbit
the mars. These satellites could communicate with the existing earth
infrastructure and would act as satellite-to-satellite relays, also known as
satellite cross-links, to relay signals to their intended receiver located in
space. The destination could be personnel transports in route to Mars,
for example, or a satellite cross-link in orbit around Mars. This is
depicted in Figure 1. For the purpose of analysis, the satellite cross-links
are assumed to have the same characteristics in both directions.

Currently, satellite communications are based on the electromagnetic
radiation of signals in the RF region and also laser beams to transfer
information nearly error-free in the gigabit per second range. The
advantage of laser cross-links is its resistance to interference in the
microwave region. The current explosion in network technology offers
additional areas of interest. ATM switching and routing features is very
much applicable to a satellite based relay system. The methods used in
the wireless communication industry to transfer calls between cells are
also applicable to the proposed satellite relay concept.

NETWORK ARCHITECTURE

A Computer Network Architecture is a design in which all computers
In a computer network are organized. An architecture defines how the
computers should get connected to get the maximum advantages of a
computer network such as better response time, security, scalability, etc.

Network architecture refers to the way network devices and services are
structured to serve the connectivity needs of client devices.

« Network devices typically include switches and routers.

« Types of services include DHCP and DNS.

. Client devices comprise end-user devices, servers, and
smart things.

The network architecture for the planet Mars or the Moon is as shown in
below figure:-
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Computer networks are built to serve the needs of certain functionality
and also their clients. Described below are three types of planetary
networks:

« Access networks, for campuses and local areas, are built to bring
machines and things onboard, such as connecting robots, drones,
etc. within a location.

« Networks for data center connect servers that host data and
applications and make them available to smart devices.

« Wide-area networks (WANS) connect robots and others to
applications, sometimes over long distances, such as connecting
robots to cloud applications related to space mining operations.



We give below the architecture of network on the planet Mars or the
Earth’s Moon is as shown in below figure:-
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An Internet is a “network of networks” in which routers move data among
a multiplicity of networks with multiple admin. domains.

The main aim of networks is to connect remote endpoints with end-to-
end principle and network should provide only those services that cannot
be provided effectively by endpoints.

Since the networks are predominantly wireless, the fundamental impact
of distance due to speed-of-light delays and impact on interactive
applications — for both data and control is to be considered. Also power
consumption of wireless links as a function of distance is to be
examined.

The interplanetary internet is a conceived networks of nodes and these
nodes are space station, planet’s orbiters ( satellites ), planet’s landers,
robots ( drones, autonomous machines, etc. ), earth ground stations and
earth’s internal internet.



METHODOLOGY

As resource depletion on Earth becomes more real, the idea of
extracting valuable elements from asteroids or using space-based
resources to build space habitats, becomes more attractive. The term
space habitat includes broadly habitats built on or in a body other than
Earth—such as the Moon, Mars or an asteroid. A space habitat ( space
settlement or space colony ) is a more advanced form of living
quarters, in that it is intended as a permanent settlement or green
habitat .

Outer space contains a vast amount of resources that offer virtually
unlimited wealth to the humans that can access and use them for
commercial purposes. One of the key technologies for harvesting these
resources is robotic mining of minerals, metals, etc. The harsh
environment and vast distances create challenges that are handled best
by robotic machines working in collaboration with human explorers.
Humans will visit outposts and mining camps as required for exploration,
and scientific research, but a continuous presence is most likely to be
provided by robotic mining machines that are remotely controlled by
humans either from Earth or from local space habitat.

Future Moon( or Mars ) bases will likely be constructed using resources
mined from the surface of the Moon/Mars. The difficulty of maintaining a
human workforce on the Moon( or Mars ) and communications lag with
Earth means that mining will need to be conducted using collaborative
robots with a high degree of autonomy. Therefore, the utility of
autonomous collaborative  robotics( with thousands of robots in
operation ) towards addressing several major challenges in autonomous
mining in the lunar( Martian ) environment with lack of satellite
communication systems, navigation in hazardous terrain, and delicate
robot interactions to achieve effective collaboration between robots and
long-lasting operation.

Collaborative Robotics

Robots can be shaped to perform specific tasks. Robots have been
designed and shaped in such a way that they can walk, swim, push
pellets, carry payloads, carry shoveling and work together in a group to
aggregate debris scattered along the surface into neat piles or possibly,
to build a space settlement. They can survive for long-time without
recharge and heal themselves after any damage/confusion. The shape
of a robot's body, and its distribution of legs and structure, are



automatically designed in simulation to perform a specific task, using a
process of trial and error.

Robots are collections of task executors and have no brain system of
their own. But in a real sense they can be programmed — to work
autonomously and collaborate with other robots, as in this study, or
eventually to do other things. tackling everything from space mining to
deep space exploration.

Robots were able to move on their own. And using artificial intelligence,
these robots can be programmed as specific executor of an assigned
task for a number of situations and also using artificial intelligence to
figure out the best shape for the Robots to perform in group on a more
consistent basis to have better control over performance of assigned
work.

Using a computational model that simulates the nature of work and
everything of the Robot Capability, the process yields the robotic shape
best suited to ensure the shape of the actual Robots into more efficient
form suitable to a particular situation/task and accordingly enables
robots to gather together in their environment forming them into groups
with the same capability.

Evolutionary Algorithm

Evolutionary Algorithms' (EA) constitute a collection of methods that
originally have been developed to solve combinatorial optimization
problems. Nowadays, Evolutionary Algorithms is a subset of
Evolutionary Computation that itself is a subfield of Artificial Intelligence /
Computational Intelligence.

An evolutionary algorithm (EA) is an algorithm that uses mechanisms
inspired by nature and solves problems through processes that emulate
the behaviors of living organisms. In EAs, the solutions play the role of
individual organisms in a population.

The main classes of EA in contemporary usage are (in order of
popularity) genetic algorithms (GAs), evolution strategies (ESs),
differential evolution (DE) and estimation of distribution algorithms
(EDAS).


http://ml.informatik.uni-freiburg.de/former/_media/teaching/ss13/ml/riedmiller/evolution.pdf
http://ml.informatik.uni-freiburg.de/former/_media/teaching/ss13/ml/riedmiller/evolution.pdf

Evolutionary algorithms are based on concepts of biological
evolution. A 'population’ of possible solutions to the problem is first
created with each solution being scored using a 'fitness function' that
indicates how good they are. The population evolves over time and
(hopefully) identifies better solutions.

Genetic algorithms simulate the process of natural selection which
means those species who can adapt to changes in their environment are
able to survive. In other words, they simulate “survival of the fittest”
among individual of consecutive generation for solving a problem.
Although genetic algorithms are the most frequently encountered type of
evolutionary algorithm, there are other types, such as Evolution Strategy
and we have chosen evolution strategy as preferred option as it suits our
requirement of collaborative management.

Evolution Strategy

In Evolution Strategy, we do not care much about the function and its
relationship with the inputs or parameters. Some large population of
numbers ( parameters of the model ) go into the algorithm and it
squeeze out one value. We try to find the best set of such numbers
which returns good values for our optimization and search problem.

The implementation process is as below:-

1. Randomly generate parameters( population species )

2. Generate a population with different parameter vectors by
sampling with Gaussian distribution

3. Evaluate each candidate by running the model and based on the
output value evaluate the loss or the objective function by binding
it to Evolution Strategy.

4. We then select top/best performing elite parameters and take the
mean of these parameters for finding our best parameter so far

5. We then repeat the above process by again generating different
parameters by adding Gaussian distribution to our best parameter
obtained so far and repeat the whole process till best solution is
found

RESULTS

Based on population of sample candidate solutions, and
using visualization library that shows how the accuracy changes across
each population. It is observed that after few iterations, on the MNIST



dataset, we are able to find good accuracy . However, using higher
values for the population of parameters might increase the accuracy.
Therefore, evolutionary model as an optimization and search approach
that mimics the concept of natural evolution / natural selection is
encouraging.

CONCLUSION

The interplanetary computer network in space is a set of computer
nodes that can communicate with each other. We proposed a network
architecture with planet’s orbiters, landers (robots, etc.), as well as the
earth ground stations and linked through Earth’s internal internet, and
consisted of complex information routing through relay satellites to
address direct planet-to-planet communication. This paper presents an
addressable information network based on the evolutionary process
which is based on natural selection, or the selection of the fittest to
implement interactive collaborative process for long-lasting operation.
The experimental implementation is based on the evolutionary strategy
for selecting fittest robots for the desired task of either space settlement
or mining the space. The paper demonstrated a collaborative network
that can be operated by reproducing the evolutionary intelligence in
managing a fleet of robots in both space colonies as well as at space
mining site. As it is planetary based architecture outline, the proposed
approach would be effective in addressing efficiency in planetary
resources among varied crew of available robotic resources at the
planetary level to achieve desired objective of inter-planetary
exploration/exploitation.
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