
R.Salonee, IJRIT  300 

 

IJRIT International Journal of Research in Information Technology, Volume 1, Issue 5, May 2013, Pg. 300-305 
 
 
 

International Journal of Research in Information Technology (IJRIT) 
 
 

www.ijrit.com ISSN 2001-5569 
 
 

A Delay Tolerant Networking using Bundling Protocol 
1 R.Salonee, 2 Mr.Raghavendra Prasad S.G 

1 4thSem, M.Tech, Dept. of ISE, R.V College of Engineering, Bangalore 

2 Asst.Prof, Dept. of ISE, R.V College of Engineering, Bangalore 
  

1 salonee.r@gmail.com, 2 sgrp.vishnu@gmail.com 
 

Abstract 

As the space communications infrastructure of the near future is yet to be standardized, many protocols have been proposed to 
cope with issues such as long propagation delays, high packet error rates and intermittent connectivity. In that context, we have 
designed a testbed, which incorporates Space conditions, mission scenarios and Space communication requirements, rendering 
the extensive evaluation and design of space protocols feasible and efficient 
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1. Introduction 

Delay Tolerant Networking (DTN) [1] constitutes an emerging network architecture that facilitates data 
transfers in challenged networks, characterized by intermittent connectivity, high loss rates and long propagation 
delays. 
 

Although extensive research has been conducted regarding the design and implementation of DTN-specific 
protocols and protocol stacks, focus is mainly given on the Bundle Protocol (BP) [2]. The latter is an application 
layer protocol that supports custody-based retransmission, late binding and is able to cope with intermittent 
connectivity, taking advantage of scheduled, predicted and opportunistic contacts. Nevertheless, BP functionality 
lacks several routing and reliable transfer features, therefore other protocols need to be deployed as well, in order to 
provide an efficient solution. In the context of our project "Extending Internet into Space – ESA/ESOC DTN/IP 
Testbed Implementation and Evaluation" [3] funded by European Space Agency (ESA), we have deployed a DTN 
testbed for space communications and intend to design and evaluate space-suitable DTN protocols, architectures and 
routing policies to allow efficient deep-space communications. 
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2. Testbed description 
 
2.1 Design Goals 
 
The main objectives of the DTN testbed regarding its accuracy and efficiency are: 
 
2.1.1 Dynamic control of network parameters 
 

The testbed should be able to emulate fundamental network parameters (such as bandwidth, packet error 
rate, propagation delay, and available connectivity), and adapt realistically and dynamically to changes in those 
parameters in real-time. 

 

2.1.2 Scalability 
 

Although current deep-space communications involve a limited number of communication nodes. 
 
 
2.2 Architecture and Topology 
 

The Bundle Daemon (BD) does not have any direct interfaces to human users. It is intended as a piece of 
middleware which provides the interface between applications which make use of bundles for data transfer and the 
operating system of the hosting node. The daemon is implemented so that it can be a permanently running process to 
which applications can connect to send and receive bundles. However, the daemon is also capable of terminating 
and restarting without loss of state. This feature caters for the expected behavior of many of the systems on which 
the BD will be deployed where power consumption is a vital consideration. Important internal state is kept 
permanently backed up to persistent storage so that the daemon can cope with both graceful and unexpected 
termination without significant loss of state data, allowing it to be restarted when appropriate and be able to recover 
all the state information during restart. An application programming interface (API) is provided for connecting 
applications to the daemon process. External management of the system is carried out over the same API. The BD 
requires networking and file system functionality from the host operating system (OS). The external interfaces are 
illustrated in Figure-1.The Network Interface has a number of sub-components that access the (IP) network for the 
following purposes: 
 
 
2.2.1 IP-based neighbor node discovery  
 

Compatible with the DTN2 reference implementation IP discovery mechanism using UDP to a well-known 
multicast group address to identify nodes that have come into communication range and may be interested in 
establishing an opportunistic link with a view to exchanging DTN bundles. 
 
2.2.2 TCP over IP bundle exchange link 

 
Link establishment and management mechanism compatible with DTN2 allowing for the establishment of a 

unicast TCP connection between consenting partners in an opportunistic encounter for the exchange of bundles.  
  

The BD must be capable of being shut down and restarted in a way that allows operations to resume, as far 
as possible, as if the BD had been running continuously. The persistent storage of information is vital to this process, 
and the persistent store has to be kept updated as far as possible at all times so that unexpected shutdowns result in 
minimal data loss. 
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Figure1.  External Interface of Bundle Daemon 
 
 

 

2.3 Protocol Stack 
 

Interplanetary Overlay Network (ION) [4] is the DTN architecture implementation we use in our testbed. 
ION is an implementation of  
 
2.3.1 The Bundle Protocol, which is used as an overlay network protocol 
2.3.2 The Asynchronous Message Service (AMS) 
2.3.3 The Licklider Transmission Protocol (LTP)[5] which provides retransmission-based reliability 
2.3.4 Contact Graph Routing (CGR) [6] which enables dynamic routing.  
 

It also supports UDP as an LTP convergence layer and TCP. The UDP convergence layer interoperates 
with DTN2 [7], a reference Bundle Protocol implementation. In order to have a more efficient application layer 
protocol ,we integrated CCSDS File Delivery Protocol (CFDP) [8] into the testbed. CFDP allows an automatic, 
reliable file transfer between spacecraft and ground, designed to support the operation of spacecraft by means of file 
transfer and remote file system management. It also provides file segmentation for effective transmission, advanced 
file operations such as remote file store management commands synchronized with successful file delivery and 
remote directory listing. 

 



R.Salonee, IJRIT  303 

 

 
 

Figure2. Testbed Protocol Stack 
 
 

The integration of CFDP with ION was feasible due to the implementation of a middleware that handles the 
communication between them. The middleware encapsulates CFDP PDUs to bundles and translates the addressing 
scheme of CFDP to the corresponding of ION. ION handles the transmission and routing of the data, while CFDP is 
used as an end-to-end application. The initial evaluation results [9] highlighted the advantages of this integration in 
conjunction with aspects that need improvement. 

 
 

 

3. Functionality 
 
The functionality to be provided in the Bundle Daemon (BD) can be divided into a number of components. The BD 
is an event driven system that reacts to events from a number of sources 
 
3.1 External events stemming from actions on the external interfaces. 
3.2 Internal events resulting from notifications sent by other components. 
3.3 Timer events such as bundle expiry and idle timeouts. 
 

Each component will ‘consume’ a number of events and, in most cases; generate consequent events that 
will be routed to other components as appropriate. These components will generally function as state machines 
driven by the incoming events; some of the state may, for example, be on a per bundle or per connection basis rather 
than a single global state for the component, so that events may be directed to particular items managed by a 
component. 
 

For some components, a BD may contain multiple instantiations of a component that are based on a 
common object framework but implement the functionality for different schemes (e.g., different dynamic routing 
protocols, different transport convergence layers). It is envisaged that these components may be dynamically 
instantiated according to the configuration requested by the node administrator and relevant connections. For such 
components there will be an additional manager component that handles the dynamic instantiations. 
 

4. Related work 
 

In the following months we plan to develop a reliable transport protocol borrowing functionality features 
from both Deep Space Transport Protocol (DS-TP) [10] and Delay-Tolerant Transport Protocol (DTTP) [11]. The 
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new protocol will combine proactive transmission and rate-based transmission behavior, as well as parallel data 
transfer exploiting various communication opportunities. One of our main goals is also to implement an efficient 
routing scheme and integrate it into the testbed. We have already evaluated the performance of several protocols 
such as Prophet [12], CGR [13] and we intend to use the results in order to create an efficient routing protocol. 
 

 

5. Work flow of protocol 
 

The first or primary block of each bundle, illustrated in Figure 2, contains the DTN equivalents of the data 
typically found in an IP header on the Internet: version, source and destination EIDs, length, processing flags, and 
(optional) fragmentation information. It also contains some additional fields, more specific to the bundle protocol: 
report-to EID, current custodian EID, creation timestamp and sequence number, lifetime and a dictionary. Strings 
are placed in the dictionary, and offsets are used as pointers to the beginnings of strings in an effort to reduce space 
that would otherwise be devoted to duplicate strings. Most fields are variable in length, and use a relatively compact 
notation called self-delimiting numerical values (SDNVs) [13].  
 

Early designs for the primary bundle block used more fixed-length fields, but the relative merit of choosing 
a fixed-length field for simplicity was ultimately found to be less compelling than the flexibility offered by SDNVs. 
SDNVs are discussed in more detail in Section IV-C. The bundle processing control flags indicate a number of 
special circumstances associated with the containing bundle: fragmentation condition (fragmented, allowed), type 
(regular or administrative), special requests (custody, generation, delivery status), class of service indication, and if 
the destination endpoint is known to be a singleton (that is, a single entity as opposed to a multicast endpoint). This 
last indicator is used when forwarding using custody transfer to alert a custodian that multiple nodes may be 
responding with custody transfer acknowledgments 
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6. Conclusion 

Given vast experience with the TCP/IP protocol architecture accumulated to date, it is easy to take many of 
its features as requirements for any network architecture, yet this is not always the appropriate course of action. For 
example, core IP assumptions about network connectivity and routing, use of relatively small packets, lack of 
persistent node storage, universal global addressing and end-to-end reliability have all been modified in designing 
the DTN architecture that must operate in a wider range of environments and with a potentially wide range of 
otherwise incompatible equipment. 

 
It may yet be that further modest, or even major, ideological change will be required in fully implementing 

a delay tolerant multicasting capability, but whether this will have any profound effect on the bundle protocol 
remains to be seen and seems unlikely. 
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