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Abstract

This innovation introduces a next-generation autonomous
space shuttle equipped with an advanced environmental
regulation system, designed to maintain optimal living
conditions in the extreme environment of space. At the core
of this innovation lies an Arduino Uno microcontroller, which
processes real-time data from a diverse array of sensors.
These include the DHT11 for temperature and humidity, an
LDR for light intensity, and newly integrated CO2, pressure,
and radiation sensors. This expanded sensor network enables
comprehensive monitoring of the shuttle’s internal
environment, ensuring precise detection of critical
parameters. An intelligent bot algorithm dynamically
manages climate control by activating heating or cooling
mechanisms as needed while also responding to CO2
concentrations, atmospheric pressure changes, and radiation
levels. This autonomous system reduces the need for human
intervention, fostering a self-sustaining habitat capable of
adapting to internal fluctuations and external challenges. By
enhancing sensor integration and employing adaptive control
strategies, the shuttle ensures the safety of astronauts and the
protection of sensitive equipment during long-duration space
missions. This research represents a major advancement in
space travel technology, offering a more resilient and
responsive system for maintaining stable environmental
conditions. The proposed solution not only improves the
reliability of space missions but also marks a significant step
toward future autonomous space exploration.
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1. Introduction

Space exploration presents a multitude of challenges, with
environmental regulation being one of the most critical
factors for sustaining life and ensuring mission success. In
deep-space missions, astronauts are exposed to extreme
temperature variations, fluctuating atmospheric pressure, and
hazardous radiation levels. Traditional life-support systems
require significant human oversight and rely on pre-set
parameters, limiting their ability to adapt dynamically to
changing conditions. To address these challenges, this study
proposes an advanced autonomous space shuttle equipped

with an intelligent environmental regulation system capable
of real-time monitoring and self-adjustment.

At the heart of this system is an Arduino Uno microcontroller,
which processes data from a suite of integrated sensors,
including a DHT11 for temperature and humidity, an LDR
for light intensity, and additional CO2, pressure, and radiation
sensors. By continuously analyzing environmental
conditions, the system can proactively respond to deviations,
ensuring a stable and habitable atmosphere within the shulttle.
An intelligent bot algorithm autonomously regulates internal
temperature, adjusts airflow, and mitigates hazardous
conditions by activating heating or cooling mechanisms
based on real-time data. Furthermore, the system enhances
astronaut safety by detecting critical fluctuations in CO2
levels, pressure, and radiation exposure, reducing reliance on
manual intervention.

This research aims to develop a self-sustaining habitat that
can operate with minimal human oversight, increasing the
reliability of long-duration space missions. By integrating
advanced sensor technology and adaptive control
mechanisms, the proposed system represents a significant
advancement in space travel safety. This innovation not only
ensures optimal living conditions for astronauts but also sets
the foundation for future autonomous spacecraft capable of
extended deep-space exploration.

2. Literature survey

Environmental regulation in space habitats is a crucial area of
research, as maintaining a stable and safe atmosphere is
essential for the health and productivity of astronauts. Over
the years, significant advancements have been made in
developing autonomous systems that monitor and control
internal environmental conditions. This section reviews
previous studies on environmental control technologies,
sensor integration, and the application of intelligent
algorithms in space shuttles, highlighting gaps and
innovations that this research addresses.

1.Evolution of Environmental Control Systems:
Early environmental control systems in space missions were
heavily reliant on manual oversight and mechanical
processes. These systems primarily focused on maintaining
temperature, humidity, and oxygen levels. While effective for
short missions, they lacked the flexibility to respond to
dynamic environmental changes during long-duration flights.
As mission durations increased, the need for automated
systems capable of continuous monitoring and adaptive
control became more apparent. Recent studies have
emphasized the importance of integrating smart technologies
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to enhance system responsiveness and reduce astronaut
workload.

2.Microcontroller-Based Environmental Monitoring:
The use of microcontrollers, particularly Arduino platforms,
has gained traction due to their affordability, versatility, and
capacity for real-time data processing. Arduino Uno, in
particular, has proven effective in controlling environmental
parameters in confined environments. Prior research has
demonstrated the use of DHT11 sensors for temperature and
humidity monitoring and LDR sensors for detecting light
intensity. While these studies have established the
effectiveness of Arduino-based systems for basic monitoring
tasks, they often overlook the need for monitoring more
complex variables like CO2 concentration, atmospheric
pressure, and radiation exposure—factors critical for
extended space travel.

3.Sensor Integration for Comprehensive Monitoring:
Modern environmental control systems increasingly rely on a
network of integrated sensors to provide a holistic view of
internal conditions. Studies have shown that using a multi-
sensor approach improves data accuracy and system
responsiveness. However, most prior works focus on isolated
environmental factors rather than comprehensive multi-
parameter monitoring. This study addresses this gap by
incorporating an expanded suite of sensors—temperature,
humidity, light intensity, CO2 levels, atmospheric pressure,
and radiation—offering a more complete assessment of
environmental conditions. This multi-sensor approach is
essential for ensuring astronaut safety and maintaining
sensitive equipment in space.

4.Autonomous Algorithms for Dynamic Regulation:
Intelligent control algorithms are vital for autonomous
systems, as they enable real-time decision-making and
adaptive responses to environmental changes. Research has
explored using bot algorithms to manage climate regulation,
with positive results in reducing energy consumption and
improving system efficiency. Existing studies focus on
adjusting temperature and humidity but do not account for
simultaneous regulation of CO2 levels and radiation
exposure. This study extends the capabilities of autonomous
regulation by integrating a bot algorithm that dynamically
adjusts internal conditions based on multi-sensor input,
ensuring a safe and balanced environment without human
intervention.

5.Addressing Radiation and CO2 Management
Challenges:

Radiation exposure and CO2 accumulation are significant
concerns for long-term space missions. Elevated CO2 levels
can impair cognitive function, while prolonged radiation
exposure poses severe health risks. Traditional systems rely
on passive shielding and chemical scrubbers for mitigation.
Recent studies highlight the need for real-time detection and
automated responses to these hazards. This research builds on
prior findings by incorporating active monitoring of CO2 and
radiation levels and adjusting environmental conditions
accordingly, enhancing astronaut protection and system
reliability.

6.Contribution of This Study:

This research advances the field by developing a fully
autonomous environmental regulation system that combines
multi-sensor integration with an intelligent bot algorithm.
Unlike previous studies that focus on individual
environmental factors, this system provides a comprehensive
monitoring and regulation solution. The use of an Arduino
Uno microcontroller for real-time data processing, combined
with advanced sensor inputs, enables precise and responsive
environmental adjustments. This innovation significantly
enhances the reliability and safety of long-duration space
missions by minimizing human intervention and providing a
self-sustaining habitat capable of adapting to changing
internal and external conditions.

3. Existing System

Current space shuttle environmental regulation systems rely
on pre-programmed controls and manual intervention to
maintain temperature, humidity, and CO- levels. While these
systems are effective for short-term missions, they face
significant challenges in real-time adaptability and
autonomous regulation during extended space travel. These
systems typically manage each environmental factor
independently through separate mechanisms—for instance,
thermal control units for temperature regulation and chemical
scrubbers for CO: management—but they often lack
comprehensive monitoring of more complex variables like
radiation and pressure fluctuations.

A major limitation is their segmented approach, where
environmental variables are treated in isolation rather than as
interconnected factors. This design can lead to delayed,
reactive responses instead of proactive adjustments. For
example, if both temperature and CO: levels change
simultaneously, the system may only address one issue at a
time, increasing the risk of environmental instability.
Additionally, these systems rely on fixed algorithms that
follow pre-set instructions rather than dynamically analyzing
and adjusting to multiple sensor inputs in real-time.

Drawbacks of the Existing System:

1. Limited Adaptability : Existing systems struggle to
respond to rapid environmental fluctuations and lack
the ability to adjust dynamically in changing
conditions.

2. Segmented Control: Environmental parameters
(temperature, humidity, CO-, radiation, pressure)
are managed independently, preventing a holistic
response to complex scenarios.

3. Reactive, Not Proactive: The system reacts to
environmental deviations after they occur rather
than predicting and adjusting in anticipation of
future changes.

4. Fixed Algorithms: These systems use predefined,
static algorithms that cannot learn from past data or
adapt to new environmental conditions
autonomously.

5. Incomplete  Monitoring:  Although  basic
parameters like temperature and CO- are monitored,
some systems lack real-time tracking of critical
factors such as radiation and pressure variations.
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6. Human Dependency: Frequent manual
intervention is required for recalibration,
troubleshooting, and  system  maintenance,
increasing astronaut workload and the risk of human
error.

7. Inefficiency in  Long-Duration Missions:
For extended missions, these limitations pose
serious challenges in maintaining a self-sustaining
and safe environment without continuous human
oversight.

4. Proposed System

The proposed system is an advanced autonomous
environmental regulation system for space shuttles that
monitors and controls temperature, humidity, CO: levels,
radiation, and atmospheric pressure in real-time without
human intervention.

Key Features:

1. Comprehensive Sensor Integration:

Utilizes multiple sensors including DHT11
(temperature and humidity), CO-, radiation,
pressure, and LDR (light intensity) for real-time
monitoring.

2. Intelligent Adaptive Algorithm:

Uses a dynamic control algorithm to analyze
sensor data and automatically adjust environmental
parameters like climate, air quality, and radiation
shielding.

3. Fully Autonomous Operation:

Operates independently, eliminating the need for
manual intervention and providing continuous
environmental regulation.

4. Multi-Parameter Decision Making:
Simultaneously processes data from all sensors to
make coordinated adjustments, improving system
efficiency and response accuracy.

5. Real-Time Data Processing:

Uses an Arduino Uno microcontroller for rapid
data analysis and immediate corrective actions,

ensuring proactive responses to environmental
changes.

Advantages:

e Autonomous Control: No human input required.

e Dynamic and Adaptive: Real-time response to
changing conditions.

e Enhanced Safety: Continuous monitoring of
critical parameters.

¢ Reliable for Long Missions: Ensures
environmental stability over extended periods

4.1 Algorithms
1. Start System
o Initialize Arduino Uno and all connected
sensors (DHT11, CO., radiation, pressure,
LDR).

2. Data Collection
o Continuously read real-time values from
each sensor.
o Store sensor data for immediate analysis.
3. Environmental Analysis
o Compare sensor readings  against
predefined safe thresholds.
o ldentify deviations (e.g., abnormal
temperature, CO: rise, radiation spikes).
4. Decision Making
o If temperature exceeds limits, activate
heating or cooling unit.
o If CO: increases, trigger CO: scrubber.
o If radiation is detected, initiate shielding
mechanism.
o If pressure fluctuates, adjust airflow to
maintain stability.
o If light intensity changes, regulate
internal lighting.
5. System Adjustment
o [Execute appropriate corrective actions
based on sensor input.
o Monitor sensor feedback to confirm
environmental stability.
6. Continuous Monitoring
o Repeat data collection and adjustment
process.
o Log environmental conditions for further
analysis.
7. Stop System
o Terminate only if manually stopped or
mission ends.

End of Algorithm

This algorithm ensures real-time, autonomous regulation
of the shuttle’s internal environment by continuously
monitoring and dynamically responding to changing
conditions.

4.2 Architecture
1. Input Layer (Sensor Module):

o DHT11 Sensor: Monitors temperature and
humidity.

o CO: Sensor: Detects carbon dioxide
levels.

o Radiation Sensor: Measures radiation
exposure.

o Pressure Sensor: Tracks atmospheric
pressure.

o LDR (Light Sensor): Monitors light
intensity.
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2. Processing Layer (Control Unit):
o Arduino Uno Microcontroller:
= Collects real-time data from all
Sensors.
= Analyzes sensor inputs and
compares them with predefined
thresholds.
= Executes decisions based on
environmental conditions.
3. Decision-Making Module:
o Evaluates sensor data and identifies
abnormal conditions.
o Activates corresponding components:
= Heating/Cooling Unit  for
temperature control.
=  CO: Scrubber for air quality
management.
= Radiation Shield for radiation
protection.
= Airflow Controller for pressure
regulation.
= Lighting System for brightness
adjustments.
4. Output Layer (Actuation Module):
o Executes corrective actions based on
decisions.
o Continuously adjusts internal conditions to
maintain a safe environment.
5. Feedback Loop:
o Monitors updated sensor values after
adjustments.
o  Ensures continuous regulation and stability
through real-time feedback.

System Flow:

Sensor Input — Data Processing (Arduino) — Decision
Making — Actuator Control — Feedback Monitoring

This architecture provides a fully autonomous and adaptive
system for maintaining optimal environmental conditions in
space shuttles.
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Figure: Architecture

5. System Requirements

5.1 Hardware Requirements

¢ Arduino Uno Microcontroller — Core processing unit
for sensor data and control.

Figure: Arduino-UNO
DHT11 Sensor — Measures temperature and humidity.
e CO: Sensor — Monitors carbon dioxide levels.
¢ Radiation Sensor — Detects radiation exposure.
e Pressure Sensor — Tracks atmospheric pressure
variations.
¢ LDR (Light-Dependent Resistor) — Measures light
intensity.
e Cooling and Heating Units — Regulate internal
temperature.

2-Pin Connector

%)

* Red: DC 12V (+)
* Black: GND ()

Figure: Heating and Cooling Units
e CO: Scrubber Module — Controls carbon dioxide levels.
¢ Radiation Shielding Mechanism — Provides protection
from harmful radiation.
¢ Airflow Regulator — Maintains stable atmospheric
pressure.
o Power Supply Unit — Powers the entire system (e.g., 12V
DC source).
¢ Display Module (Optional) — For real-time
environmental readings.
¢ Relay Modules — Controls high-power devices like
heating/cooling units.
e Connecting Wires and Breadboard — For assembling

components.
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Figure: Sensors

5.2 Software Requirements

e Arduino IDE — For writing, compiling, and uploading
code to the Arduino Uno.

o Embedded C/C++ — Programming language for
microcontroller operation.

e Sensor Libraries — Software packages to interface with
DHT11, CO., pressure, and radiation sensors.

o Serial Monitor (in Arduino IDE) — For debugging and
monitoring real-time sensor data.

e Operating System — Windows, Linux, or macQOS for
development and testing.

6. Conclusion

The development of the autonomous environmental
regulation system for space shuttles has successfully
progressed up to the design phase. This system integrates
multiple sensors—including temperature, humidity, COs,
radiation, and pressure—with an  Arduino  Uno
microcontroller to ensure continuous monitoring and
adaptive control of the shuttle’s internal environment.

The design phase outlines a comprehensive architecture that
enables real-time data processing, intelligent decision-
making, and autonomous operation without human
intervention. Each component and subsystem has been
carefully planned to maintain a stable and safe environment
for extended space missions.

Future work will focus on hardware implementation, system
testing, and performance evaluation to verify the system's
efficiency and reliability in real-world conditions. This
innovation represents a significant step toward intelligent,
self-sustaining  environmental  regulation in  space

exploration.
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