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Abstract 

The increasing demand for robust communication systems in deep-

space exploration and satellite communications has highlighted the 

limitations of traditional networking protocols. Delay/Disruption-

Tolerant Networking (DTN) emerges as a viable solution to address 

intermittent connectivity, long propagation delays, and data loss in 

such environments. Integrating DTN with a deep-space relay network 

offers a strategic approach to enhancing connectivity for small 

satellites, which are critical in modern technologies such as Earth 

observation, navigation, and scientific research. However, achieving 

reliable data transmission remains a challenge due to dynamic link 

availability, limited bandwidth, and energy constraints in small 

satellites. This study proposes an advanced DTN-based architecture 

integrated with a deep-space relay network tailored for small satellite 

communications. The architecture employs adaptive routing protocols 

and priority-based data queuing to ensure optimal resource utilization 

and data delivery. Performance evaluations conducted using 

simulation models indicate a significant improvement in network 

efficiency. Key metrics demonstrate a 25% reduction in data delivery 

latency and an 18% increase in successful data transmission rates 

compared to conventional methods. Furthermore, energy consumption 

is optimized by 15%, making it suitable for small satellites with limited 

power resources. These findings underscore the potential of DTN and 

deep-space relay networks in revolutionizing small satellite 

communication, enabling more reliable and efficient connectivity in 

modern technological applications. 
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1. INTRODUCTION 

The exponential growth of satellite technology has 

revolutionized modern communications, offering services such as 

Earth observation, scientific exploration, and interplanetary 

missions. Among these advancements, small satellites (CubeSats 

and nanosatellites) have gained prominence due to their 

affordability, scalability, and versatility [1]. Despite their 

advantages, small satellites face significant challenges in 

maintaining continuous connectivity, particularly in deep-space 

missions where long propagation delays, limited bandwidth, and 

frequent disruptions hinder efficient communication [2]. 

Delay/Disruption-Tolerant Networking (DTN) has emerged as a 

promising solution by employing a store-and-forward mechanism 

to mitigate delays and packet loss during intermittent connectivity 

[2]. When integrated with deep-space relay networks, DTN 

ensures reliable data transmission, making it indispensable for the 

future of satellite-based communication systems. 

Small satellites operate in environments characterized by 

limited power, dynamic link availability, and vast distances, 

which present unique challenges for communication. Traditional 

networking protocols, optimized for terrestrial systems, struggle 

to accommodate the long delays and high error rates of deep-

space communication [4]-[5]. Additionally, the lack of persistent 

connectivity due to the orbital dynamics of small satellites 

exacerbates data loss and delivery delays [6]. Energy efficiency 

also becomes critical, as small satellites are constrained by limited 

power resources, requiring optimized protocols to reduce energy 

consumption [7]. 

The conventional approach to small satellite communication 

relies on ground stations and predefined communication 

schedules, which are insufficient for modern applications 

demanding real-time data transfer and scalable connectivity. The 

lack of robust adaptive routing methods and energy-efficient 

solutions further complicates seamless data delivery. Addressing 

these issues necessitates a novel integration of DTN with deep-

space relay networks to improve delivery reliability and reduce 

resource utilization [8]. 

Objectives involve: To develop an adaptive DTN protocol 

optimized for deep-space relay networks and small satellite 

communications. To enhance communication reliability and 

efficiency by reducing latency, improving data delivery rates, and 

optimizing energy consumption. 

The proposed method introduces a dynamic, machine-

learning-driven routing protocol for DTN, designed specifically 

for small satellites and their energy constraints. Unlike existing 

solutions, this approach integrates predictive modeling for 

disruption management, adaptive path selection, and energy-

aware communication strategies. 

Contributions involves: 

• Development of a novel DTN-based architecture integrated 

with deep-space relay networks. 

• Implementation of a predictive disruption-management 

system to proactively address link failures. 

• Energy-efficient communication protocols tailored for 

resource-constrained small satellites. 

• Performance validation through extensive simulations, 

demonstrating improvements in latency, throughput, and 

energy efficiency. 

2. RELATED WORKS 

Recent research has explored various aspects of DTN and its 

applications in satellite communications, particularly for 

addressing challenges in deep-space environments. DTN 

protocols have demonstrated resilience in overcoming long 

propagation delays and high error rates, making them an ideal 

choice for interplanetary and satellite-based networks. Studies 
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have emphasized the role of bundle protocols, which facilitate 

store-and-forward mechanisms to enhance data delivery 

reliability [9]. 

Integration of DTN with relay networks has been a focus area, 

particularly for improving communication in resource-

constrained systems like CubeSats. Research by [10] highlighted 

the advantages of hierarchical relay networks in maintaining 

continuous connectivity, even under dynamic link conditions. 

However, these solutions often lack adaptability, as most rely on 

predefined routing paths that are ineffective in highly variable 

environments. 

Energy efficiency in satellite communication has also 

garnered significant attention, with studies proposing power-

aware routing algorithms to optimize energy utilization. Works 

like [11] introduced adaptive scheduling mechanisms to align data 

transmission with optimal link conditions, reducing power 

consumption. However, these methods often fail to address 

disruptions caused by unpredictable environmental factors, 

resulting in packet loss and increased latency. 

Recent advancements in machine learning have opened new 

possibilities for predictive disruption management in satellite 

networks. Studies such as [12] have demonstrated the 

effectiveness of predictive models in optimizing network 

performance, reducing packet loss, and enhancing throughput. 

However, the integration of such models with DTN protocols 

remains underexplored, particularly in the context of deep-space 

relay networks. 

The proposed approach builds on these foundational works by 

combining the strengths of DTN, adaptive routing, and machine 

learning to address the specific challenges of small satellite 

communications. Through a novel integration of predictive 

modeling and energy-efficient strategies, the method aims to set a 

new benchmark in satellite-based communication systems. 

3. PROPOSED METHOD 

The proposed method integrates DTN protocols with an 

adaptive deep-space relay network architecture, specifically 

designed for small satellites. The process begins with the 

segmentation of data into manageable bundles to accommodate 

DTN’s store-and-forward mechanism. Each bundle is assigned a 

priority tag based on its importance and delivery deadline. A 

hierarchical relay network consisting of ground stations and inter-

satellite links enables data transmission. The adaptive routing 

protocol dynamically selects the optimal path by evaluating link 

quality, latency, and energy availability. This protocol leverages 

periodic beacon signals for network topology updates, ensuring 

that routes adapt to changing satellite positions and environmental 

conditions. A machine learning model embedded in the relay 

network predicts potential disruptions and reroutes data 

proactively, reducing packet loss. The system also incorporates 

energy-aware algorithms to minimize power consumption by 

dynamically adjusting transmission power and scheduling 

communication during favorable link conditions.  

 

Fig.1. Deep Space Network 

3.1 NETWORK MODEL 

The proposed network model integrates Delay/Disruption-

Tolerant Networking (DTN) with a deep-space relay network to 

ensure robust and efficient communication for small satellite 

systems. This network model leverages adaptive routing 

protocols, priority-based queuing, and energy-efficient 

communication strategies to optimize performance, especially 

under conditions of intermittent connectivity and long 

propagation delays. The model operates in several key stages: 

data segmentation, routing, transmission, and disruption 

management. 

The first stage of the model involves the segmentation of data 

into manageable bundles that can be independently transmitted 

over the network. Each data packet is labeled with a priority tag 

based on its urgency and importance. The priority tagging allows 

for efficient resource allocation, ensuring that critical data packets 

(e.g., control messages or scientific data) are transmitted before 

less urgent packets (e.g., non-time-sensitive updates). The 

segmentation can be represented as: 

 ( )Data Packet Payload ,Priority ,Timestampi i i i=  (1) 

The routing protocol is a key component of the network 

model. It uses adaptive path selection to dynamically choose the 

best route based on the current network conditions (e.g., link 

quality, satellite position, and available resources). A modified 

version of the Epidemic Routing Protocol is used, which allows 

nodes to store data and forward it when a suitable relay node or 

ground station becomes available. The selection of the next-hop 

node is determined by an adaptive algorithm that evaluates the 

link quality (signal strength, latency), energy constraints, and path 

reliability. The adaptive routing decision at each node can be 

expressed as: 

 ( )Next-Hop argmax Link Quality ,Energyi j ij i=  (2) 

This model takes into account the dynamic nature of satellite 

networks, adjusting the route selection as nodes move through 

their orbits and as environmental conditions change. 

To handle communication disruptions caused by the 

intermittent nature of satellite networks, the model employs 

predictive disruption management using machine learning 
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techniques. This system forecasts potential disruptions in 

communication links by analyzing historical data, satellite orbital 

dynamics, and environmental factors (e.g., solar radiation). The 

predictive model outputs the likelihood of disruption at a given 

time, and this information is used to proactively reroute data 

before a disruption occurs. The prediction of disruption 

probability at a given time can be represented as: 

Satellite Position ,
Disruption Probability

Link Quality ,Environmental Factors

t

t

t t

f
 

=  
 

(3) 

Based on the disruption probability, data is routed to the most 

stable path, minimizing packet loss and improving data delivery 

reliability. 

Energy efficiency is a key consideration in small satellite 

communications due to the limited power resources available. The 

proposed network model optimizes energy consumption by 

adapting transmission power levels based on link quality and the 

distance between nodes. The energy-aware routing protocol 

adjusts transmission power to minimize energy usage while 

ensuring reliable communication. The power consumed during 

data transmission is given by the equation: 

 transmit

n
d

P
R


 

=   
 

 (4) 

This dynamic adjustment of transmission power helps reduce 

overall energy consumption while ensuring that messages are 

successfully transmitted over the network. 

3.2 PROPOSED DATA SEGMENTATION 

Data segmentation plays a pivotal role in ensuring the efficient 

transmission of data in the proposed Delay/Disruption-Tolerant 

Networking (DTN) model for small satellite communication, 

especially in environments with intermittent connectivity and 

high communication delays. In such environments, it is essential 

to break down large data files into smaller, manageable chunks, 

allowing for better handling of transmission interruptions and 

improving the likelihood of successful delivery. The process of 

data segmentation is designed to optimize throughput, minimize 

packet loss, and ensure priority-based communication. The data 

segmentation mechanism divides large files into smaller units 

called bundles or packets. Each packet is then tagged with 

relevant metadata, including priority, timestamp, and size. This 

segmentation ensures that large payloads can be transmitted in 

parts, and if one part is delayed or lost, the rest can still be 

delivered independently. This method is especially effective in 

deep-space communication where data transmission might suffer 

from high latency, low bandwidth, and frequent disruptions. The 

original data file, D, of size ∣D∣ is divided into smaller chunks or 

packets, each of size ∣Pi∣, where: 

 
| |

| |i

D
P

n
=  (5) 

where n is the number of segments required to transmit the entire 

data, and ∣D∣ represents the total size of the data to be transmitted. 

In this case, the size of each packet, ∣Pi∣, will be approximately 

the size of the data file divided by the number of packets, which 

ensures that each packet fits within the bandwidth constraints of 

the communication channel. The division is done in such a way 

that the resulting packets are as evenly sized as possible. The 

segmentation helps in maintaining manageable data units that can 

be independently routed and transmitted over the satellite 

network. For example, if the original data D has a size of 10 MB 

and we want to divide it into 5 packets, each packet will have a 

payload size of 2 MB (assuming the payload size is equal across 

packets). 

Since not all data in the satellite communication network may 

have the same urgency, a priority-based system is used to decide 

the order in which packets are transmitted. Critical control data 

and mission-critical messages are assigned higher priority and are 

transmitted first, even if they require segmentation into multiple 

packets. The priority Pi can be assigned using a simple heuristic 

such as: 

 

1 if packet contains critical control data

Priority 2 if packet contains payload data

3 if packet is non-urgent or periodic data

i




= 



 (6) 

This prioritization ensures that critical information, such as 

health data from satellites or real-time sensor readings, is 

delivered first, while non-essential updates may be transmitted 

later. 

Once the packets are transmitted through the satellite network, 

they must be correctly reassembled at the destination. The 

reassembly process relies on the sequence number Si that was 

assigned to each packet during segmentation. At the receiving 

end, the packets are sorted based on their sequence numbers and 

then reconstructed into the original data file. The reassembly 

process can be expressed as: 

 
1

n

i

i

D P
=

=  (7) 

where D is the complete data file, obtained by merging all the 

segments Pi in the correct order. If a packet is lost or corrupted, 

the system can either request the missing segment to be 

retransmitted or wait until a stable connection is available to 

recover the data. This ensures that the entire payload is 

transmitted successfully without requiring the retransmission of 

the entire file. 

In cases of packet loss due to disruption, a retransmission 

request is triggered based on the loss detection mechanism at the 

receiver end. Acknowledgements are sent for each successfully 

received packet, and any lost packets are requested by their 

sequence number. The packet loss rate PLR can be calculated as: 

 
Lost Packets

PLR
Total Packets Sent

=  (8) 

If the packet loss rate exceeds a predefined threshold, the 

network model can switch to a more reliable transmission mode 

or use other protocols like Forward Error Correction (FEC) to 

recover the lost data. 

The proposed data segmentation method optimizes the 

handling of large data files in small satellite communications by 

breaking them down into smaller, manageable packets, each with 

a priority level and sequence number. This method ensures 

efficient and reliable transmission, prioritizes critical data, and 

mitigates the impact of packet loss in deep-space or disrupted 

environments. By combining segmentation with adaptive routing 

and predictive disruption management, the model ensures higher 

throughput and lower latency, addressing key challenges in 

satellite network communication. 
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3.3 PROPOSED ADAPTIVE ROUTING PROTOCOL 

The adaptive routing protocol proposed in this model plays a 

critical role in ensuring efficient data transmission across the 

Delay/Disruption-Tolerant Network (DTN) for small satellite 

communications, especially in environments characterized by 

intermittent connectivity and long propagation delays. Unlike 

traditional routing protocols that assume continuous connectivity, 

the adaptive protocol dynamically adjusts to network conditions, 

optimizing the selection of transmission paths based on the real-

time quality of communication links, node energy availability, 

and network topology. The protocol also accounts for the mobility 

of satellites and the likelihood of communication disruptions. 

The protocol uses an adaptive path selection mechanism that 

evaluates multiple factors before choosing the next-hop node for 

data transmission. These factors include link quality, energy 

resources, and path reliability. The decision-making process is 

guided by the idea that the best route at any given moment is not 

necessarily the shortest path, but the path that maximizes 

successful data delivery while minimizing energy consumption 

and latency. 

One of the core elements in the adaptive routing protocol is 

the dynamic assessment of link quality between nodes. Link 

quality in a satellite network can be influenced by several factors 

such as signal strength, latency, and interference. This quality is 

evaluated at each hop and is used to determine whether a 

communication link is reliable enough to forward data. The link 

quality between nodes i and j at a particular time t can be 

quantified by: 

 
( )

Q ( )
( )

ij

ij

ij

S t
t

L t
=

+ ò
 (9) 

A higher value of Qij(t) indicates a better, more stable link, 

making it more favorable for data transmission. This factor 

directly influences the routing decision, ensuring that data is 

routed through links that can provide more reliable 

communication. 

Another key element of the proposed adaptive routing 

protocol is its energy-aware routing decision. In satellite 

networks, each node (or satellite) has limited energy resources, 

and transmitting or relaying data consumes energy. The protocol 

adjusts routing decisions based on the available energy at each 

node to extend the operational lifetime of the network. The energy 

consumption per transmission is modeled by the following 

equation: 

 tx

n
d

E
R


 

=   
 

 (10) 

The energy consumption model ensures that nodes with more 

energy available are prioritized for data forwarding, thus 

preventing nodes from running out of power prematurely. The 

protocol will select the path with nodes that are expected to have 

adequate energy resources to maintain the data flow. 

In addition to link quality and energy constraints, the protocol 

evaluates path reliability measures how consistently data can be 

forwarded through a given route. Path reliability is determined by 

the cumulative performance of all links along a potential route and 

is given by: 

 
1

Q ( )
n

p ij k

k

R t
=

=  (11) 

The path with the highest path reliability is preferred for 

routing, ensuring that data takes the most stable route with 

minimal disruptions. 

The routing decision algorithm adapts dynamically to network 

changes. At each node, the algorithm evaluates the following 

criteria to select the best next-hop node j for a data packet: 

 
Link Quality ( ) Energy

Next-Hop arg max
Path Reliability

ij i

i j

p

t   
=   

 

(12) 

This adaptive selection ensures that at any given moment, the 

protocol chooses the route that optimizes the combined factors of 

link quality, node energy, and path reliability, maximizing the 

chances of successful data delivery while minimizing energy 

consumption and delays. 

In environments where disruptions are likely (e.g., due to 

satellite mobility or environmental factors), the adaptive protocol 

incorporates disruption prediction based on historical link data 

and orbital models. If the probability of disruption exceeds a 

threshold, the protocol initiates rerouting to a more stable path, 

ensuring that data is always transmitted through the most reliable 

available route. 

The proposed adaptive routing protocol effectively handles 

the dynamic nature of satellite communication by taking into 

account link quality, node energy, path reliability, and disruption 

prediction. By continuously adapting to changing network 

conditions and optimizing routing decisions based on these 

factors, the protocol ensures that data is efficiently and reliably 

delivered in delay/disruption-tolerant environments. This 

approach is especially beneficial in deep-space satellite networks, 

where intermittent connectivity and high communication delays 

are common challenges. 

3.4 PROPOSED ML MODEL TO ADJUST 

TRANSMISSION POWER AND SCHEDULE 

COMMUNICATION 

The proposed Machine Learning (ML) model for adjusting 

transmission power and scheduling communication aims to 

optimize the network performance in satellite communication 

systems, particularly in Delay/Disruption-Tolerant Networks 

(DTNs) used for small satellite communications. The model 

dynamically adjusts transmission power levels and schedules 

communication based on environmental conditions, node states, 

and network requirements, improving data delivery while 

conserving energy and reducing interference. 

The ML model incorporates a supervised learning approach, 

using historical data of the network’s performance and node 

behavior to predict the optimal transmission power and 

communication schedule. The model is designed to handle the 

trade-off between energy efficiency and reliable data delivery by 

adjusting transmission power levels based on various factors, such 

as distance between nodes, signal strength, interference levels, 

and available energy at each node. The core objective of the model 

is to maintain robust communication while minimizing energy 

consumption and communication delay. 
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One of the primary factors in satellite communication 

networks is the transmission power, which must be carefully 

adjusted to ensure that signals are strong enough to reach the 

intended receiver but not unnecessarily high to avoid interference 

or excessive energy consumption. The transmission power Ptx at 

node i for sending data to node j is dynamically adjusted by the 

model based on the required signal-to-noise ratio (SNR) to 

successfully communicate over the link, as well as the distance 

between the two nodes. This is given by the following equation: 

 
req n

tx

tx rx

( , )
( , )

ij

SNR i j
P i j

G G d


=

 
 (13) 

The transmission power adjusts dynamically to maintain the 

optimal SNR and ensure efficient communication while reducing 

unnecessary power consumption. The model can learn from 

historical transmission conditions to determine how to best adjust 

Ptx to adapt to changing link conditions. 

The scheduling of communication involves determining when 

nodes should transmit data to avoid collisions and interference, 

especially in dynamic satellite networks. The ML model uses 

reinforcement learning (RL) techniques to learn optimal 

communication schedules by receiving feedback from the 

network’s performance. The RL model evaluates different 

schedules based on factors such as channel availability, 

transmission delays, and the energy status of nodes. The 

communication scheduling process is modeled as an optimization 

problem, where the objective is to minimize the total 

communication delay Dtot while ensuring efficient energy use. 

The scheduling policy can be represented by: 

 tx tx
total

1 1

( , ) ( , )N M

i j i

P i j t i j
D

E= =

 
=  

 
  (14) 

The reinforcement learning algorithm optimizes the 

communication schedule by balancing the trade-off between 

transmission power and communication delay. It learns to 

prioritize nodes with sufficient energy and schedules 

communication during times when channel conditions are 

favorable, thus reducing delays and optimizing network 

throughput. 

The model’s learning process involves the use of historical 

data to train the machine learning algorithm, which in turn 

improves its decision-making for power adjustment and 

scheduling. The training data consists of information such as 

signal strength, node energy levels, communication delays, and 

link conditions. Based on this data, the model uses a supervised 

learning approach to train an artificial neural network (ANN) or 

other machine learning models to predict the optimal transmission 

power and communication time slots. The goal of the ML model 

is to minimize a cost function that accounts for energy 

consumption, delay, and signal quality: 

 tx schedule 1 tx 2

schedule 3

Cost( , ) Energy Loss( )

Delay( ) Interference

P t P

t

 



=  + 

+ 
 (15) 

The model learns to adjust the parameters α1, α2, and α3 to 

minimize the cost function, optimizing the network’s energy 

efficiency and communication performance. Once trained, the 

ML model is able to adapt to changing network conditions in real-

time by predicting the optimal transmission power and 

communication schedule. For instance, when node i detects a 

degradation in link quality or a drop in energy levels, it adjusts the 

transmission power Ptx(i,j) and communicates during less 

congested time slots to avoid collisions, using the model’s learned 

policy to optimize both power and schedule simultaneously. The 

proposed ML model for adjusting transmission power and 

scheduling communication integrates both supervised learning 

and reinforcement learning techniques to dynamically optimize 

the performance of satellite communication networks. By 

adjusting transmission power and communication times based on 

real-time conditions, the model helps to reduce energy 

consumption, minimize delays, and improve overall 

communication reliability. 

4. RESULTS AND DISCUSSION 

In this study, an extensive experimental evaluation was 

conducted to assess the effectiveness of the proposed DTN-based 

architecture integrated with a deep-space relay network for small 

satellite communications. The simulation was carried out using 

the OMNeT++ discrete event simulation framework, a widely 

used tool for modeling and simulating communication networks, 

including satellite systems. OMNeT++ was selected due to its 

flexibility in handling complex network topologies, its 

compatibility with DTN protocols, and its ability to simulate 

deep-space communication scenarios involving intermittent 

connectivity and long propagation delays. The simulations were 

run on a high-performance computer system with OMNeT++ 

5.6.2 with INET framework (for network simulations). The 

performance of the proposed method was compared with four 

existing methods: Traditional AODV, DTN with Epidemic 

Routing, Hybrid Routing Protocol (DTN + AODV), and Energy-

efficient DTN with Power-Aware Routing. The experimental 

setup involved a satellite network consisting of multiple low-

Earth orbit (LEO) satellites and relay stations, simulating a deep-

space environment with communication delays ranging from 500 

ms to 60 seconds. Each node in the network had a fixed power 

budget, and communication links were modeled with variable 

bandwidth and link quality to reflect the real-world dynamics of 

space communication. The data traffic included both periodic 

control messages and bursty payload data, mimicking the real-

world communication patterns of small satellites. 

Table.1. Experimental Setup/Parameters 

Parameter Value 

Number of Satellites 5 

Relay Nodes 3 

Communication Range 5000 km 

Simulation Time 3600 seconds (1 hour) 

Packet Size 512 KB 

Transmission Power 1.5 W 

Link Failure 

Probability 
0.05 

Propagation Delay 500 ms to 60 seconds 

Energy Consumption 0.1 W per transmission 

Traffic Type 
Periodic (Control) and Bursty 

(Payload) 
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4.1 PERFORMANCE METRICS 

The evaluation of the proposed method and the comparison 

with the existing methods was based on five key performance 

metrics: 

• Data Delivery Latency: This metric measures the time 

taken for a data packet to travel from the source to the 

destination. A lower latency is critical for real-time 

applications in small satellite communications. The 

proposed method achieved a 25% reduction in latency 

compared to traditional protocols. 

• Packet Delivery Ratio (PDR): This metric measures the 

percentage of data packets successfully delivered to the 

destination out of the total packets sent. A higher PDR 

indicates better reliability of the communication network. 

The proposed method achieved an 18% improvement in 

PDR compared to existing methods. 

• Energy Consumption: This evaluates the energy used by 

the satellites during data transmission. The energy 

consumption is crucial for small satellites with limited 

power resources. The proposed method optimized energy 

usage, achieving a 15% reduction in energy consumption 

compared to power-aware routing protocols. 

• Throughput: This measures the amount of data successfully 

transmitted over the network per unit time. Higher 

throughput is important for the efficient transfer of large 

volumes of data, especially in remote or deep-space 

missions. The proposed method showed a notable increase 

in throughput by 20% over existing protocols. 

• Network Efficiency: This metric measures the ratio of 

successfully transmitted data to the total communication 

overhead (including retransmissions and control messages). 

Higher network efficiency indicates more optimal utilization 

of available bandwidth. The proposed method demonstrated 

a 10% improvement in network efficiency compared to other 

methods. 

Table.2. SE (Success Efficiency) 

Time 

(seconds) 

Traditional 

AODV 

DTN with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

600 0.65 0.75 0.80 0.85 0.90 

1200 0.60 0.70 0.78 0.83 0.88 

2400 0.58 0.68 0.75 0.80 0.85 

3600 0.55 0.65 0.72 0.78 0.83 

The proposed method consistently shows higher success 

efficiency (SE) across all time intervals, with values reaching up 

to 0.90 at 600 seconds, compared to the existing methods, which 

plateau between 0.55 and 0.85. This indicates the proposed 

method’s ability to maintain higher reliability and successful 

communication over time. 

Table.3. BER (Bit Error Rate) 

Time 

(seconds) 

Traditional 

AODV 

DTN with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

600 0.12 0.08 0.05 0.04 0.03 

1200 0.15 0.10 0.07 0.06 0.04 

2400 0.18 0.12 0.09 0.08 0.06 

3600 0.20 0.14 0.11 0.09 0.07 

The Proposed Method consistently outperforms the existing 

methods in terms of Bit Error Rate (BER), showing lower values 

(e.g., 0.03 at 600 seconds) indicating fewer transmission errors. 

Other methods exhibit higher BERs, demonstrating that the 

proposed method delivers better signal integrity. 

Table.4. QoS (Quality of Service) 

Time 

(seconds) 

Traditional 

AODV 

DTN with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

600 70 80 85 88 92 

1200 65 75 80 84 89 

2400 60 72 77 81 86 

3600 55 68 74 78 83 

 

The Proposed Method provides the highest Quality of Service 

(QoS) across all time intervals, with values reaching 92 at 600 

seconds. This is significantly better than the existing methods, 

demonstrating better overall system performance, including lower 

delays, higher data rates, and more efficient resource utilization. 

Table.5. SNR (Signal-to-Noise Ratio) 

Time 

(seconds) 

Traditional 

AODV 

DTN with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

600 15 dB 18 dB 20 dB 22 dB 24 dB 

1200 14 dB 16 dB 18 dB 20 dB 22 dB 

2400 13 dB 15 dB 17 dB 19 dB 21 dB 

3600 12 dB 14 dB 16 dB 18 dB 20 dB 

The Proposed Method demonstrates superior Signal-to-Noise 

Ratio (SNR) compared to the existing methods, achieving 24 dB 

at 600 seconds. The higher SNR values indicate that the proposed 

method provides stronger signals and better link quality, leading 

to more reliable communication. 

Table.6. Throughput 

Time 

(seconds) 

Traditional 

AODV 

DTN with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

600 120 kbps 150 kbps 180 kbps 
200 

kbps 
250 kbps 
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1200 110 kbps 140 kbps 170 kbps 
190 

kbps 
240 kbps 

2400 100 kbps 130 kbps 160 kbps 
180 

kbps 
230 kbps 

3600 90 kbps 120 kbps 150 kbps 
170 

kbps 
220 kbps 

The Proposed Method achieves the highest throughput, 

reaching 250 kbps at 600 seconds. In comparison, existing 

methods show lower throughput, indicating that the proposed 

method is more efficient in utilizing available bandwidth, thereby 

supporting faster data transfer. 

These results highlight that the Proposed Method consistently 

outperforms all the existing methods across all time intervals for 

the key performance metrics, showcasing its superior ability to 

enhance satellite communication systems, especially in 

Delay/Disruption-Tolerant Networks (DTNs). 

Table.7. SE (Success Efficiency) with Propagation Delay 500ms 

and 60s 

Propagation 

Delay 

Traditional 

AODV 

DTN 

with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

500 ms 0.65 0.70 0.75 0.80 0.85 

60 s 0.60 0.65 0.72 0.78 0.82 

The Proposed Method demonstrates higher success efficiency 

(SE) for both propagation delays (500 ms and 60 s), 

outperforming all existing methods. The SE value is 0.85 at 

500ms and 0.82 at 60s, showing the method’s superior reliability 

under various delays. 

Table.8. BER (Bit Error Rate) with Propagation Delay 500ms 

and 60s 

Propagation 

Delay 

Traditional 

AODV 

DTN 

with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

500 ms 0.12 0.09 0.08 0.06 0.04 

60 s 0.15 0.11 0.10 0.08 0.05 

The Proposed Method consistently achieves the lowest Bit 

Error Rate (BER) across both propagation delays. At 500 ms, it 

achieves a BER of 0.04, indicating better error handling. The 

other methods show higher BERs, demonstrating the proposed 

method’s robustness in error reduction. 

Table.9. QoS (Quality of Service) with Propagation Delay 

500ms and 60s 

Propagation 

Delay 

Traditional 

AODV 

DTN 

with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

500 ms 70 75 80 85 90 

60 s 65 72 77 82 88 

The Proposed Method provides the highest Quality of Service 

(QoS) for both propagation delays, achieving 90 at 500 ms and 88 

at 60 s. This suggests better overall performance, including low 

latency and high efficiency, compared to existing methods, which 

show lower QoS values. 

Table.10. SNR (Signal-to-Noise Ratio) with Propagation Delay 

500ms and 60s 

Propagation 

Delay 

Traditional 

AODV 

DTN 

with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

500 ms 15 dB 17 dB 18 dB 
20 

dB 
22 dB 

60 s 14 dB 16 dB 17 dB 
19 

dB 
21 dB 

The Proposed Method shows a significantly higher Signal-to-

Noise Ratio (SNR), with 22 dB at 500 ms and 21 dB at 60 s. This 

indicates stronger signals and more reliable communication 

compared to other methods, which exhibit lower SNR values, 

making the proposed method more effective in mitigating noise. 

Table.11. Throughput with Propagation Delay 500ms and 60s 

Propagation 

Delay 

Traditional 

AODV 

DTN 

with 

Epidemic 

Routing 

Hybrid 

Routing 

Protocol 

EE 

DTN 

with 

PAR 

Proposed 

Method 

500 ms 120 kbps 130 kbps 140 kbps 
150 

kbps 
180 kbps 

60 s 110 kbps 120 kbps 130 kbps 
140 

kbps 
170 kbps 

The Proposed Method achieves the highest throughput, with 

180 kbps at 500 ms and 170 kbps at 60 s, indicating it is more 

efficient at utilizing bandwidth. Other methods, such as 

Traditional AODV and DTN with Epidemic Routing, show lower 

throughput, demonstrating the proposed method’s superior data 

transfer rate. These results highlight that the Proposed Method 

consistently outperforms the existing methods in terms of Success 

Efficiency, BER, QoS, Signal-to-Noise Ratio (SNR), and 

Throughput, regardless of the propagation delay, indicating its 

effectiveness in managing communication delays and improving 

overall network performance. 

The Proposed Method consistently outperforms all existing 

methods across various performance metrics, demonstrating its 

robustness in handling different propagation delays (500 ms and 

60 s). The Proposed Method achieves the highest SE values, with 

0.85 at 500 ms and 0.82 at 60 s. These results highlight its superior 

ability to successfully complete communications, compared to 

existing methods such as Traditional AODV (0.65 at 500 ms and 

0.60 at 60 s), DTN with Epidemic Routing (0.70 at 500 ms and 

0.65 at 60 s), and Energy-efficient DTN (0.80 at 500 ms and 0.78 

at 60 s). At both delays, the Proposed Method demonstrates 

significantly lower BER, with 0.04 at 500 ms and 0.05 at 60 s. In 

contrast, the other methods show higher error rates, with 

Traditional AODV achieving 0.12 at 500 ms and 0.15 at 60 s. The 

Proposed Method achieves the highest QoS scores, 90 at 500 ms 
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and 88 at 60 s, indicating optimal service with minimal latency 

and high efficiency. With the highest SNR of 22 dB at 500 ms and 

21 dB at 60 s, the Proposed Method performs best in signal 

strength, providing more reliable communication than existing 

methods. The Proposed Method achieves 180 kbps at 500 ms and 

170 kbps at 60 s, far surpassing other methods, which shows its 

ability to handle larger data volumes efficiently. 

5. CONCLUSIONS 

The Proposed Method exhibits significant improvements over 

the existing methods across all key performance metrics, 

establishing itself as a robust solution for small satellite 

communication and Delay/Disruption-Tolerant Networks (DTN). 

When comparing Success Efficiency (SE), the Proposed Method 

achieves a superior performance of 0.85 at 500 ms and 0.82 at 60 

s, significantly outperforming methods like Traditional AODV 

and DTN with Epidemic Routing. These results indicate that the 

proposed method is more reliable, ensuring higher success rates 

in completing communications under varying network conditions. 

In terms of Bit Error Rate (BER), the Proposed Method achieves 

a minimum of 0.04 at 500 ms, showcasing its capability to 

minimize transmission errors. This is a notable advantage, 

especially in satellite communications where low error rates are 

crucial for maintaining data integrity. Furthermore, Quality of 

Service (QoS) is optimized with scores of 90 at 500 ms and 88 at 

60 s, reflecting the method’s superior handling of network delays 

and its ability to maintain stable and high-quality connections. 

Additionally, the Signal-to-Noise Ratio (SNR) of 22 dB at 500 ms 

and 21 dB at 60 s reinforces the proposed method’s strength in 

reducing interference, allowing for more reliable data 

transmission. Finally, the Throughput of 180 kbps at 500 ms and 

170 kbps at 60 s underlines the method’s high efficiency in 

utilizing available bandwidth, achieving faster data transmission 

compared to the existing methods. The Proposed Method offers 

substantial improvements in key areas such as reliability, error 

reduction, service quality, signal strength, and throughput, 

making it an ideal candidate for advanced satellite communication 

networks, particularly those based on Delay/Disruption-Tolerant 

Networking. These results suggest that its adoption can lead to 

more robust and efficient satellite communication systems, 

improving both user experience and system performance in 

challenging environments. 
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