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Abstract 
Humanity dreams of traveling beyond Mars, but are we ready for it? The 
harsh realities of space travel say otherwise. Human space exploration 
beyond Mars presents significant challenges including technological 
limitations, physiological risks and communication latency. This review 
analyzes past space missions and technological advancements necessary 
for space travel beyond Mars, including reliable communication systems 
and advanced propulsion technology and radiation shielding. Key findings 
indicate that further space travel will require advanced spacesuits, 
powerful propulsion systems and communications systems such as laser 
communications. Without these innovations, space travel beyond Mars 
remains beyond our reach. The study highlights the technical, physical, 
physiological, psychological, and ethical challenges faced in furthering 
our pursuits in space travel and suggests that with further technological 
development, humans perhaps will be able to travel to Mars as early as the 
2030s. This paper provides an insight into the future of human space 
exploration and the critical advancements needed to support it. 
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I. Introduction 
As we look at the stars, the potential for human space missions beyond 
Mars presents significant challenges. Over the years missions like Apollo, 
Voyager and the International Space Station have expanded our knowledge 
of space. While robotic probes have successfully ventured in space beyond 
Mars human space flight remains confined to the Moon and near-Earth 
Asteroids (Rhodes et al., 1993). The next important question in this field is 
how far humans can safely travel in space beyond Mars while establishing 
reliable communication. 

Long duration space missions face various challenges including 
technological, physiological and psychological challenges. Deep space 
missions require advanced propulsion systems, advanced communication 
systems, and improved radiation shielding to support astronauts millions 
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of kilometers away from Earth (Thronson et al., 2017). Unlike the 
International Space Station (ISS), where regular resupply missions are 
received from NASA (Woods & DeLucas, 1996), interplanetary missions 
must rely on self-sustaining life-support systems. Also, communication to 
and from Earth encounters significant delays due to increasing distances 
which complicate real-time decision-making (NASA, 2020). 

This paper aims to explore the extent of human space travel beyond 
Mars while establishing reliable communication, by analyzing various 
challenges faced by astronauts and examining technological developments 
in space travel and communication. 

 
 

II. Historical Missions 
A. Overview 
Human space exploration has evolved significantly since the launch of 
Sputnik 1 in 1957. These missions not only contribute to our 
understanding of the Universe but also highlight the challenges of 
deep-space travel. This section analyzes past space missions that have 
significantly influenced interplanetary space travel and communication 
systems. 
 
B. Apollo Program: First Steps Beyond Earth 
The Apollo Program (1961-1972) led by NASA was one of the most 
significant milestones in human space travel. It was a major breakthrough 
in aerospace engineering, human spaceflight, telecommunications and 
computing. Apollo 8 was the first crewed spacecraft to orbit another 
celestial body and Apollo 11 was the first human lunar landing, Neil 
Armstrong and Edwin Aldrin set up scientific experiments, collected rock 
and soil samples, and tested mobility on Moon (Cortright, 2019). These 
missions had advanced life support systems, and S-band communication 
for deep space communication. Apollo 13 failed to land but set a record 
for farthest human travel from Earth (400,171 km) (Cortright, 2019). 
 
C. Voyager Probes 
Voyager 1 and Voyager 2, launched in 1977 by NASA, are the only 
spacecrafts to enter interstellar space, through long distance radio 
frequency communication called Deep Space Network (DSN) (Ludwig & 
Taylor, 2016). Originally designed to explore Jupiter and Saturn, these 
missions were extended, with Voyager 1 becoming the first spacecraft to 
cross the heliosphere. It made major discoveries like Jupiter’s thin ring, 
two new Jovian moons (Thebe and Metis), and Saturn’s G-ring and five 
new moons of Saturn. Showcasing advanced deep space navigation, 
communication and data transmission (Croswell, 2021). 
 
D. International Space Station (ISS): Long-Duration Human 
Spaceflight 
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The International Space Station (ISS), a joint mission by JAXA, ESA, 
CSA, Roscosmos, and NASA began in 1998 with the launch of Zarya, its 
first module and has been inhabited since November 2000. It has played 
an important role in advancing spaceflight technologies, astrobiology and 
long duration space mission sustainability (Woods & DeLucas, 1996). 
 
 
II. Spaceflight Challenges 
All the missions mentioned above show the development in aerospace 
engineering and technical development in human space travel since the 
first ever human space mission. Spaceflight and spacecraft technologies 
that are needed for humans to safely travel in space face a lot of challenges 
being developed, as humans travel farther from Earth for longer missions, 
the systems that keep them alive must be highly reliable while taking up 
minimal mass and volume. It's critical to remove humidity and CO2 from 
the air to keep it safe for the crew to breathe (Cranford & Turner, 2021). 
Long duration missions far from Earth drive engineers to design compact 
systems not only to maximize available space for crew comfort, but also to 
accommodate the volume needed to carry consumables like enough food 
and water for the entirety of a mission lasting days or weeks (Garcia, 
2018). Highly reliable systems are critically important when distant crew 
will not have the benefit of frequent resupply shipments to bring spare 
parts from Earth, like those to the space station. Even small systems must 
function reliably to support life in space, from a working toilet to an 
automated fire suppression system or exercise equipment that helps 
astronauts stay in shape to counteract the zero-gravity environment in 
space that can cause muscle and bone atrophy (Garcia, 2018). 

To ensure that the crew of a spacecraft can return home, the vehicle's 
propulsion systems must become increasingly proficient as it travels 
farther into space. An object's generated heat once returned to Earth 
increases with distance travelled in space. Getting back safely requires 
technologies that can help a spacecraft endure speed 30 times the speed of 
sound and heat twice as hot as molten lava or half as hot as sun (NASA, 
2018). As a spacecraft travels further away from Earth’s magnetic field, it 
is exposed to a harsh radiation environment with greater amounts of 
radiation from charged particles and solar storms that cause disruption to 
critical computers, avionics and other equipment (NASA, 2018). To 
counter these challenges NASA and other space agencies have developed 
advanced radiation shielding, reinforced spacecraft structures and thermal 
protection systems capable of withstanding extreme cosmic radiation and 
heat. For example, Orion spacecraft, a part of NASA’S Artemis program, 
features an improved heat shield made of AVCOAT, a material specifically 
engineered for withstanding extreme heat during reentry through Earth’s 
atmosphere (NASA, 2018). Before reentry, Orion also will endure a 
700-degree temperature range from about minus 150 to 550 degrees 
Fahrenheit (NASA, 2018). 
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Beyond shielding, long duration space missions require advanced life 
support systems to ensure astronauts survival. NASA's Environmental 
Control and Life Support System (ECLSS) regulates onboard conditions, 
provides clean air and water while recycling waste to maximize efficiency 
(NASA, 2020). NASA is also exploring bio regenerative life support 
systems and artificial gravity systems to further sustain long duration 
human space missions (NASA, 2020). Additionally, propulsion 
technologies like Nuclear Thermal Propulsion and Solar Electric 
Propulsion are being explored to reduce travel time and reduce exposure 
to cosmic radiation. NTP uses nuclear reactions to heat a propellant, 
offering high efficiency and faster travel time. SEP uses ionized particles 
to generate continuous thrust allowing fuel efficient deep space travel 
(Frisbee et al., 1991). Communication is also a major challenge in deep 
space missions. NASA’s Deep Space Network allows long distance radio 
frequency communication while advancements in laser-based 
communication systems promise more efficient data transmission. Deep 
space communication systems are essential for real time monitoring of 
spacecraft and the astronauts (Ludwig & Taylor, 2016). Astronaut health is 
another critical challenge. Humans exposed to large amounts of cosmic 
radiation can experience both acute and chronic health problems, like 
near-term radiation sickness and cancer in the long term (NASA, 2009). 

Apart from technical challenges of human space exploration there are 
many psychological and physiological issues too. The biggest 
psychological challenges astronauts must cope with during prolonged 
space missions are related to the numerous habitability, psychological and 
interpersonal stressors they are exposed to (Manzey & Lorenz, 2004). 
These are given by the harsh living conditions in a space habitat, the 
restricted range of environmental cues, the specific workload imposed on 
astronauts, and the complex psychosocial situations which are 
characterized by a lack of privacy, enforced social contacts with other 
crew members, and separation from the usual social network of family and 
friends (Kanas, 1998). 
 
 
IV. Technologies Needed 
For further space travel, we need reliable communication systems for 
uninterrupted communication to and from the earth to deep space. 
Communication to and from the earth is difficult even with current 
technology. Many space agencies and governments communicate to the 
space missions through a transmitter and a receiver which works by 
modulation and demodulation of electromagnetic waves and encoding and 
decoding of the messages. There are network engineers who plan 
communication between missions through antennas of various frequencies 
according to missions. Space missions also use satellites and bandwidths 
with different frequencies for communication. Latency and interference 
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due to the long distance of the missions are major problems for sustaining 
reliable communication for space missions beyond Mars (Schauer, 2020). 

The chart below shows a few important space missions, the 
communication used in those missions, and the distance covered. 

 
Mission Communication Distance Covered 
Apollo 11 An S-Band Transponder designed 

and built by General Dynamics 
was used by the Apollo 11 
Astronauts to communicate with 
NASA's mission control and 
millions of people watching on 
Earth 
(Cortright, 2019). 

Beyond Earth’s lower orbit to the 
Moon. It was the first crewed 
mission to land humans on a 
celestial body 
(Cortright, 2019). 

Vostok 1 The communications system with 
Vostok was based on VHF 
communications (143.625 MHz) 
but also on short-wave 
communications using strong 
transmitters belonging to the 
USSR Ministry of 
Communications. Dependence on 
HF was necessary, because the 
Soviet Union did not yet possess 
an ocean-going fleet of tracking 
ships. 
The radio communication system 
included a 3.7-meter (12 ft) 
diameter high gain Cassegrain 
antenna to send and receive radio 
waves via the three Deep Space 
Network stations on the Earth 
(Grahn, 2025). 
 

First human mission in space. 
Yuri Gagarin from the Soviet 
Union was the first human in 
space. His vehicle, Vostok 1 
circled Earth at a speed of 27,400 
kilometers (Grahn, 2025). 

Voyager 1 The radio communication system 
includes a 3.7-meter (12 ft) 
diameter high gain Cassegrain 
antenna to send and receive radio 
waves via the three Deep Space 
Network stations on the Earth 
(Hughes, 2017). 

At 162 AU (24 billion km; 15 
billion mi) from Earth as of 
November 2023, it is the most 
distant human-made object from 
Earth (NASA Science, 2024). 

Voyager 2 All communication with Voyager 
2 goes through NASA's Deep 
Space Station 43, a 70-metre 
radio dish at the Canberra Deep 
Space Communication Complex 
operated by CSIRO (Hughes, 
2017). 

The distance of Voyager 2 from 
Earth is currently 20,314,496,644 
kilometers, equivalent to 
135.794023 Astronomical Units 
(NASA Science, 2024). 

Mariner 4 Telecommunications equipment 
consisted of a dual, S-band 7-W 
triode cavity amp/10-W TWT 
transmitter and a single receiver 
which could send and receive 
data via the low- and high-gain 
antennas at 8 1/3 or 33 1/3 bps 
(NASA Science, n.d.). 

Distance travelled in space was 
2,000,000 kilometers from the 
Earth’s surface (NASA Science, 
n.d.). 

FIGURE 1. Communication technologies and distance covered in important 
space missions 
 

Long-range space communications–also known as deep space 
communications when at least one of the links is beyond the cislunar 
space–are key to determining the success of a deep space mission. Deep 
space communications are crucial for the success of deep space missions. 
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As more deep space missions are launched and crewed missions are 
revisited, the communication network's demands are expected to increase. 
The Lagrange-relays and pearl constellation topologies have potential for 
future deep space communications, but their current state and future relay 
capability upgrade needs remain unclear (Betriu et al., 2023). 

One of the best technologies developed for space communication is 
an open-sourced Java software tool, SolarCom, developed to assess 
potential enhancements for network topologies involving ground stations, 
spacecraft, and relay satellites. SolarCom calculates the best end-to-end 
communication route based on link availability and bit rate (Betriu et al., 
2023). The tool can be extended to other topology designs and optimize 
relay orbit design. The Deep Space Network (DSN) has expanded its 
communication spectrum, including the Ka-band, to benefit both the DTE 
link and new network topologies. This expansion has already been 
implemented, with MRO already communicating through Ka-band during 
its primary science mission phase. This compromise could enhance the 
DSN's short-distance capabilities. SolarCom into scheduling software like 
S3, which can program DSN facilities and optimal paths considering users 
and missions (Betriu et al., 2023). The search algorithm considers antenna 
rate, communication windows, and other factors like buffering, spacecraft 
resources, and program restrictions. This could lead to improved 
performance and better communication in deep space (Betriu et al., 2023). 

Space technologies are being developed not only for communication 
but to also help humans travel safely to and from space to Earth. Some 
example technologies are the Kilopower project, inflatable heat shield, and 
xEMU spacesuits. 

The Kilopower project by NASA has successfully demonstrated a 
nuclear fission system providing power for space exploration. It is 
designed to support long distance space missions by providing a reliable 
power source. It can provide up to 10 kilowatts of electrical power 
(NASA, 2018). The Kilopower project uses a small lightweight 
uranium-fueled reactor with a Stirling engine to generate continuous 
electrical power. This system is designed for efficiency, reliability and 
long operational missions, making it ideal for powering equipment and 
habitats in deep space where solar power may be insufficient (NASA, 
2018). 

NASA's xEMU, that is the Exploration Extravehicular Mobility Unit, 
is a next-generation spacesuit, designed for the Artemis III mission. This 
advanced suit offers enhanced mobility, improved life-support and 
increased durability, which allows astronauts to perform complex tasks in 
space's harsh environment (NASA, 2023). Its life-support system includes 
enhanced thermal regulation, oxygen circulation and carbon dioxide 
removal. It is made with dust resistant material, and its modular design 
allows easy maintenance and upgrade making it adaptable for deep space 
missions (NASA, 2023). 

                              6                                    Intersect, Vol 18, No 2 (2025) 



Kalwar, Space Travel Communication 

NASA is exploring powerful propulsion systems like Nuclear 
Thermal Propulsion (NTP), Nuclear Electric Propulsion (NEP) and Solar 
Electric Propulsion (SEP). NTP uses nuclear reactors to heat a propellant, 
generating thrust. It offers high thrust to weight ratios which significantly 
reduces travel time and radiation exposure on long duration space 
missions (NASA, 2014). NEP converts nuclear energy into electrical 
power to power ion thrusters, it provides high efficiency and continuous 
thrust. NEP requires less propellant compared to NTP, making it ideal for 
cargo space missions (Frisbee et al., 1991). SEP uses solar energy to 
ionize particles which produce low but steady thrust for fuel efficient 
space travel (Frisbee et al., 1991). 

NASA's Inflatable Heat Shield called the Low-Earth Orbit Flight Test 
of Inflatable Decelerator (LOFTID), to improve atmospheric entry for 
future space missions. It utilizes inflatable aeroshell made of flexible and 
heat-resistant material, allowing larger payloads and safer landings on 
celestial bodies (Brinkmann, 2022). Its design allows spacecraft to slow 
down efficiently using atmospheric drag. It has Silicon Carbide (SiC) 
which is a woven ceramic fabric for thermal protection against extreme 
reentry temperatures. This technology is scalable and a potential solution 
for future cargo and crewed space missions (Brinkmann, 2022). 

NASA's laser communication technology uses infrared laser beams to 
transmit data across space, and it offers significantly higher bandwidth and 
efficiency compared to the radio frequency systems traditionally used 
(Schauer, 2021). This technology relies on optical terminals, precision 
beam-steering mechanisms and highly sensitive photodetectors to ensure 
accurate signal transmission across space. The Laser Communication 
Relay Demonstration (LCRD) is a key advancement testing how laser 
technology can improve space communication. The laser beams in this 
technology remain narrow and focused, minimizing data loss and 
increasing transmission speed up to 100 times (Schauer, 2021). It also has 
error-correction algorithms and atmospheric compensation technology 
ensuring reliable data transfer despite atmospheric interference. This 
technology allows spacecraft to send high resolution images and scientific 
data with minimal power and hardware weight (Schauer, 2021). 

 
 
V. Conclusion 
With the current technologies, human space travel beyond Mars is not 
feasible for at least 15-20 years. Significant advancements in propulsion, 
life-support systems, and communication are needed to enable such 
interplanetary missions. With ongoing technological developments, a 
human landing on Mars could be possible by the 2030s. Historically, the 
farthest humans have traveled is 400,171 km from Earth during the Apollo 
13 mission, while Voyager 1 probe has reached 23.48 billion km from 
Earth. For humans to travel beyond Mars, several important limitations 
have to be addressed including  propulsion limitations existing propulsion 
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systems lack efficiency to support long duration space travel, life-support 
limitations current life-support system technologies require advancements 
in bioregenerative air, food and water systems, radiation protection also 
remains a major concern in human space travel beyond Mars as astronauts 
would face exposure to  extreme cosmic radiation and temperatures. 
Despite these limitations many emerging technologies are paving the way 
for humanity to travel to space beyond Mars. NASA's Kilopower project 
provides reliable power sources for long duration space missions. NASA's 
xEMU spacesuits offer durability, improved mobility and life support. 
Inflatable Heat shield (LOFTID) which utilizes heat resistant, flexible 
material to enhance atmospheric entry, allowing safer landing payload. 
While there are still technological and physiological limitations, with 
continuous advancements in propulsion, life-support, power generation 
and communication human space travel beyond Mars would be achievable 
within the next few decades, unlocking the potential for interplanetary 
space travel. The dream of interplanetary travel is within our reach, but 
travel beyond Mars requires solutions we have yet to create. 
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