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Abstract 

The development of an efficient transport protocol for the Interplanetary Internet is a major challenge to the research community. 
A survey has been done for measuring the performances of all the major transport protocols which are developed for 
interplanetary communication. In this paper, we have discussed the infrastructure of the Delay/Disruption-Tolerant Networking 
(DTN) along with the major challenges for deep space communication. This technology offers a new solution to highly stressed 
communications in space environments, especially those with long link delay and frequent link disruptions in deep-space 
missions. An experimental evaluation of the Bundle Protocol (BP) is presented which runs over various “convergence layer” 
protocols in a simulated cislunar communications environment on different value of signal propagation delay is proposed. The 
performance of BP/LTPCL/UDP/IP in realistic file transfers of varying size is compared to that of two other DTN protocol stacks 
options, BP/TCPCL/TCP/IP and BP/UDPCL/UDP/IP. The experiment results show that LTPCL has a significant performance 
advantage over Transmission Control Protocol Convergence Layer (TCPCL) and User Datagram Protocol Convergence 
Layer(UDPCL) for link delays longer than 300 ms . For a very lossy channel, LTPCL has a significant good put advantage over 
TCPCL at all the link delay levels studied, with an advantage of around 3000 B/s for delays longer than 1500ms. LTPCL has a 
consistently significant good put advantage over UDPCL, around 2500–3000 B/s, at all levels of link delays. 

Keywords- Bundle Protocol, Interplanetary Communication, Licklider Transmission Protocol Convergence Layer (LTPCL), 
Transmission Control Protocol Convergence Layer (TCPCL), User Datagram Protocol Convergence Layer (UDPCL), Delay 
Tolerance Networks (DTN), Space Communication, Bit Error Rate (BER). 
   
             
1. Introduction 

The current Internet architecture has some critical assumptions that do not hold in many emerging 
environments. These emerging environments, taking deep space communication for as an example, long signal 
propagation delays, frequent communication link disconnects, short communication windows, asymmetric channel 
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bandwidth, or high bit error rates. The requirements of these communication scenarios have an emergency call for a 
new Internet architecture that tolerates those extreme communication characteristics. The National Aeronautics and 
Space Administration (NASA) is taking steps toward a new stage of network communication architecture that meets 
the requirements of deep space missions called Delay/disruption-tolerant networking (DTN) [3] [5] [6] [7].  

DTN technology offers a new solution to highly stressed communications in space environments, especially those 
with long link delay and frequent link disruptions in deep-space missions. Each DTN node keeps a copy of every 
data packet sent until receiving an ACK confirming the packet has been received successfully from the next node in 
the end-to-end path. This ensures that no data packets are lost even if a router is temporarily out of sight due to 
occultation or rotation in space. 

The DTN technology uses Bundle Protocol (BP) [8], designed to operate at the application layer of the Internet 
architecture, and forms a store-and-forward overlay network to provide custody-based, message-oriented 
transmission. The major capabilities of BP include the ability to cope with connectivity interruption and the ability 
to take advantage of scheduled, predicted, and opportunistic connectivity. BP effects message transmission and 
reception by invoking the services of an underlying convergence layer protocol (CLP) [3] [13] stack. The CLPs in 
DTN are roughly classified as the TCP-based CLP (i.e., TCPCL) [13], User Datagram Protocol (UDP)-based [9] 
CLP (i.e., UDPCL), and Licklider Transmission Protocol (LTP)-based CLP (i.e., LTPCL). 

The remainder of the paper is organized as follows. The existing protocol and proposed protocols for space 
communication are explained in section II and III respectively. The operation of LTP is explained in the section IV. 
Experimental setup and configuration and results are discussed in the section V and VI respectively. Finally, the 
future enhancement and conclusion are drawn in the section VII and VIII respectively.  

2. Literature Survey 

The existing TCP/IP based Internet operates on a principle of providing end-to-end inter-process communication 
using a concatenation of potentially dissimilar link-layer technologies.  
 
The standardization of the IP protocol and its mapping into network-specific link-layer data frames at each router as 
required supports interoperability using a packet-switched model of service. Although often not explicitly stated, a 
number of key assumptions are made regarding the overall performance characteristics of the underlying links in 
order to achieve smooth operation: an end-to-end path exists between a data source and its peer(s), the maximum 
round-trip time between any node pairs in the network is not excessive, and the end-to-end packet drop probability is 
small. Unfortunately, a class of so-called challenged networks, which may violate one or more of the assumptions, 
are becoming important and may not be well served by the current end-to-end TCP/IP model. 
 
Qualitatively, challenged internetworks are characterized by latency, bandwidth limitations, error probability, node 
longevity, or path stability that are substantially worse than is typical of today’s Internet. We use the Internet’s 
performance as a baseline due to its enormous scale and influence. This section explores the path properties, 
network architectures and end node resources found across the broad range of challenge networks introduced above 
and how they influence the design of a network architecture designed to accommodate them. These protocols were 
developed for applications in a variety of communication environments, so their focuses differ. Most of them focus 
on Earth-orbit satellite networks, while a few are designed for deep-space interplanetary communication links. In 
[4], Wang et al. provide a detailed comparison of these protocols. 
 
Over the past few years, a new communication architecture called delay-tolerant networking (DTN) [3], [5] [6] [7] 
has been developed to combat the long link delay and frequent link disruptions that generally characterize space 
communications. DTN adopts a store-and-forward custody transmission mechanism to deal with challenging 
environments Each DTN node keeps a copy of every data packet sent until receiving an ACK confirming the packet 
has been received successfully from the next node in the end-to-end path. This ensures that no data packets are lost 
even if a router is temporarily out of sight due to occultation or rotation in space. 
 
3. Proposed Protocol Stack 

The Figure 1 shows the proposed protocol stack used for interplanetary communication. The Bundle Protocol (BP), 
situated at the application layer of the Internet model, utilizes conventional internet protocols to serve 
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communication within an internet. The BP is the application-layer protocol used for delay/disruption tolerant 
networking (DTN) communications. DTN is a solution to communication network architecture which uses a store-
and forward method to tolerate the extreme environments with frequent link disruptions and long signal propagation 
delays. The DTN architecture requires a convergence layer protocol (CLP) to run the bundling protocol over the 
underlying transport layer protocols. So far TCP, UDP, and Licklider Transmission Protocol (LTP) can be deployed 
as CLPs for bundling protocol. Serving as a convergence layer protocol, the newly-developed LTP provide reliable 
communications between adjacent DTN nodes by running on top of underlying conventional internet protocols.  

Currently, TCPCL, UDPCL, and LTPCL are the most broadly supported CLPs under BP. The TCPCL uses TCP to 
provide reliable communication services between DTN nodes. A UDP based CLP is mainly designed for use over 
dedicated private links based on a presumption that a bundle will always fit into a single UDP datagram around 64 
kB long. 

 
Figure 1: Protocol Stack 

LTP provides selectable transmission service according to mission requirements and transmission capability, 
including reliable and unreliable options. Both reliable and unreliable transmission service can be provided for a 
single client data block, which consists of a critical data part (for which reliable data transfer is required) followed 
by a noncritical data part for which reliable data transfer is unnecessary. The delivery of the “reliable” part of the 
block is assured through acknowledgment and retransmission. In comparison, the unreliable part is transmitted 
without any attempt at recovery and completeness if errors occur. The length of either part may be zero; that is, any 
given block may be designated entirely reliable or entirely unreliable. Therefore, the LTP can provide both TCP-like 
and UDP-like transmission services. LTP performs selective negative acknowledgment (NAK) and aggregates client 
service data units into larger blocks that are acknowledged at block granularity. Each block of data is divided into 
segments for transmission, with some of the segments flagged as checkpoints. When a checkpoint is received, the 
receiver returns a report of cumulative reception for that block, termed a report segment. The report segment 
acknowledges a checkpoint, and it either signals successful reception or else triggers retransmission. 

4. Operation of LTP 

In general, LTP operates as follows: an LTP "sender" engine generates one or more data "segments" from a "block" 
of client service data and conducts a segment transmission "session" that ultimately enables reconstruction of the 
client service data block, from received segments, at the "receiver" engine. 

Each block comprises a "red-part" of zero or more octets, to which reliable transmission procedures must be applied, 
immediately followed by a "green-part" of zero or more octets, to which only "best efforts" transmission procedures 
need be applied.  The length of the red-part of a block is termed the block's "red length."  The length of the green-
part of a block is termed the block's "green length."  The length of a block is the sum of its red length and green 
length.  Each LTP data segment encapsulates part (or all) of the red-part of a block or part (or all) of the green-part 
of a block, but never both.  LTP data segments that encapsulate red-part data are termed "red segments."  LTP data 
segments that encapsulate green-part data are termed "green segments." 
The LTP specification implicitly mandates the reassembly of the red- part of a block into a contiguous byte array 
from received red segments, but it does not mandate the reassembly of the green-part from received green segments.  
That is, any required reassembly of "green" service data is the responsibility of the client service – in this case, the 
LTP convergence-layer adapter. 
 
Licklider Transmission Protocol (LTP) Algorithm  

Input: File of any size with variable link delay 
Output: Goodput (B/s)   
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Step 1:  An LTP "sender" engine divides the block of data received from the client into manageable 
segments. 

Step 2: Each block comprises a "red-part" of zero or more octets which needs reliable transmission 
service, immediately   followed by a "green-part" of zero or more octets, to which only “best efforts" 
transmission procedures can to be applied.  

Step 3:  Each LTP data segment encapsulates part (or all) of   the red-part of a block termed as “red 
segments” or part (or all) of the green-part of a block termed as green segments”, but never both the 
segments. 

Step 4:  The LTP specification implicitly mandates the reassembly of the red- part of a block into a 
contiguous byte array from received red segments, but it does not mandate the reassembly of the green-part 
from received green segments.   

  
5. Experimental Setup and Configuration 

The experiment has been conducted on TCPL, UDPCL and LTPCL in the simulated cisnulanar environment as 
shown in the Figure 2.and the performance is measured with varying delay and BER. The 

 

Figure 2: System Setup 
 
All PCs used for the experiment are Linux based. The Source PC (SX) which will be placed on Moon (on any 
planet), the Router PC (RX) will be placed in the satellite and the delay and BER are varied using Channel bit rate, 
error and delay generation PC (EX). The destination PC (DX) will be placed on Earth (any planet).   
 

6. Experimental Results and Discussion 

The experiment was conducted by sending a file of varying sizes (1 MB, 10 MB etc.) at the varying rates of 2000, 
4000, 6000 bytes per second (B/s) and link delay of 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500 ms. 

As shown in the performance graph, TCPL shows better performance upto certain link delay (say 3500 ms) and 
LTPCL showing the better performance over TCPCL and UDPCL with increasing good put and delay.   

 

 
Figure 3: Performance Graph 
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7. Future Direction 

According to the experimental results, TCPCL shows performance advantages over less error-prone links (such as 
terrestrial links), while LTPCL has significant performance advantages over loss and long-delay space links. From a 
more operational perspective, we suggest that strategies for combining TCP and LTP should be investigated to 
evaluate their performance in an integrated space networking scenario, taking other space channel characteristics 
into consideration such as channel rate asymmetry and multiple routing path selections. This will try to reduce the 
cost, enabling better management of the space missions by providing a generic solution than configuring for mission 
specific requirements. However, it has been seen that even with the presence of many approaches for deep space 
transport protocols, the research area remains open and none of the existing protocols handle all the issues relevant 
in IPN (Inter Planetary Network). The Deep Space remains a matter of mystery to the human mind from ages and 
the quest of exploring it has always fascinated scientist and technologist worldwide. 
 
8. Conclusion 

In this paper, we have discussed the different transport protocols (TCPCL, LTPCL and UDPCL) have performed 
under different input conditions (delay, good put etc.) and in different scenarios All these protocols are having the 
issues for deep space communication with each bringing a new concept, which helps, in the evolution of the 
technology. 
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