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ABSTRACT

A primary goal in the development of the Software
Communication Architecture (SCA) for Software Defined
Radios (SDRs) is waveform portability. This paper
examines the recently published SCA V2.2 document and
its supplements [1] [2] [3] [4] [5] to determine whether all
of the requirements currently specified are necessary and
sufficient to assure waveform portability. Collaboration
diagrams of Joint Tactical Radio (JTR) set interfaces and
waveform application interfaces were used to examine the
interfaces specified in SCA V2.2 to determine their
existence and use during different state transitions of the
JTR set and waveform applications. The analysis identifies
those requirements that are not necessary for waveform
portability and makes recommendations for the handling of
these requirements.

The paper additionally identifies interfaces that need to be
added to the existing SCA documents to assure waveform
portability and recommends an approach for the addition of
these items.

1. INTRODUCTION

The SCA V2.2 documents contain requirements for many
interfaces and behaviors within a JTR set.  Earlier

investigations looked at the SCA documents and determined
that implementation of requirements from different sections
of the SCA document apply to different JTRS development
groups.

Table 1 is a table taken from the Joint Tactical Radio
System (JTRS) Home Page [6]. It shows which
development groups are responsible for implementing
interface requirements from different sections of the SCA.
Table 1 does not, however, attempt to define all of the
groups that need to understand and use the interfaces that
are implemented. The requirements that are especially of
interest are those that define interfaces between the
waveform application and the JTR set. These requirements
are critical to allow a waveform to be easily ported to
different JTR sets. They are external interfaces of a JTR set
and of the waveform application and if they can be
identified then the remaining requirements can be classified
as internal interface requirements for the JTR set or for the
waveform  application. These internal interface
requirements are not necessary for waveform portability and
do not belong in the SCA documents as requirements.
Implementing and testing these internal requirements does
not enhance waveform portability.

An analysis of the SCA 2.2 documents was conducted
[7] to go beyond the conclusions shown in Table 1 to
determine the set of interfaces that both the Waveform

Table 1 Developer Responsibilities for SCA Implementation

Operating Environment
Core Framework
Base Application Interfaces Framework Control Framework Services Interfaces = Q w
Interfaces £ = > | 8
£ Domai File Servi 2 E15|=|¢
S|l x| & SEEA R omain S| o ile Services e o| 3 2x e s | 2| =
2| g)|¢g }g g _é 2 2 Management | $ | ¢ s IO *S |5 | = @ 2
) S S 3 < =
|2 Slsls |8l (alaloli|l8|a]a]lnl8]8 S ZF|E|2|8 |
| 8 N I = S N I I | 222 S 2 | 8| Z|2|E
© | d Ul RIS IS8T sS|leg2|s|E|5|%
® | » | 8| s | 8|8 = x| g - | asS || = ] =
g ¢ g g §18¢% % £151% S1E% |8 |2|8|¢&
g2 = g 18|k g g5 |8 213 S| =282
gl s < 2| 2|3 @ | 2 5 g
@ | 3 S z 3 -
g% ’
S| S
2
Application X | X[ X[X[|X]|X X X X X X | X | X
(Waveform)
Developers
Hardware X | X |[X]|X X X | X X X | X | X |[X
Device
Developers
Core X X
Application X | X | X X | X|X|X X
Services
Developers
System X | X X X X
Developers

Proceeding of the SDR 02 Technical Conference and Product Exposition. Copyright © 2002 SDR Forum. All Rights Reserved

Copyright © 2002 General Dynamics. All Rights Reserved.


mailto:geneforesman@gd-decisionsystems.com
mailto:greg.Osborn@gd-decisionsystems.com
mailto:greg.Osborn@gd-decisionsystems.com
mailto:dave.dohse@gd-decisionsystems.com
http://www.sdrforum.org/sdr02/eric.r.christensen@gd-decisionsystems.com

developer and the JTR set developer must either implement
or use to assure waveform portability.

2. DESCRIPTION OF ANALYSIS

The SCA documents contain over one thousand
requirements.  This  section describes how these
requirements were evaluated to determine a set of
requirements that are essential to assure waveform
portability.  These are requirements for the interface
between the JTR set and the waveform application.

Figure 1 is taken from Section 3.1.1 of SCA V2.2. As
shown in the figure, the Operating Environment (OE)
contains the CORBA ORB, the Operating System (OS) and
the Core Framework (CF). The figure additionally shows
the relationship of the OE to applications’ Resources and to
non-CORBA components or Device Drivers.  Since
multiple applications exist within a JTR set it is not clear
from the figure exactly what interfaces are required for
waveform portability.

To more clearly define the internal and external
interfaces the items shown in Figure 1 were rearranged in
Figure 2 and shown within the confines of a JTR set. In
figure 2 a JTR set is all hardware and software necessary to
install, instantiate and allow proper operation of a waveform
application.

Figure 2 clearly shows the external interfaces to the
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Figure 1 Relationships of Key SCA Elements

waveform application. As shown these external interfaces
are not only between the waveform application and the OE
but also between the waveform application and other
applications known as Radio Services (RSvcs). In addition,
Figure 2 shows internal interfaces between the OE and
RSvcs and Hardware Specific devices.

The SCA V2.2 does not specifically address Radio
Services, however, the Application Program Interface (API)
supplement of the SCA V2.2 does define general building
blocks that can be further developed to build these well-
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Figure 2 External Interfaces Between the JTR Set and a
WaveformApplieation
defined interfaces between waveform applications and

RSvcs.

RSvcs are services provided by the JTR set that
implement a well-defined interface facilitating waveform
configuration and control of hardware specific devices and
access to other JTR set services. Examples of other RSvcs
are:

» applications for HCI interface: These applications
allow a human operator to access data and to update
parameters within the JTR set.

» applications that support modem or audio functions that
are called and used by a waveform

» Other RSvcs as determined by the
implementation.

To support maximum waveform portability common
RSvcs that interface to waveform applications should be
identified and their interfaces defined and agreed to within
the JTRS community. These interfaces can then be used in
JTR sets within each cluster or even across clusters to
simplify porting of the waveform application to multiple
JTR sets.

Hardware Specific Devices, as shown in Figure 2, are
hardware-defined devices that are persistent and exist
independent of a waveform. They are implemented, tested
and delivered with the JTR set. Devices exist before
waveforms are instantiated and after they are torn down.
New devices are added only as a result of a development
program to enhance or add capability to the JTR set. There
are different devices that support a JTR set. The RF, I/O
and the Security Devices, for example, are hardware
specific and have a well-defined interface for configuration,
control and data flow. Radio Services, as shown in Figure
2, allow a waveform application to interface to these
hardware specific devices using a well-defined API. When
the waveform is instantiated the devices are configured and
connections are made to them through the RSvcs. General
Purpose Processors (GPPs), Digital Signal Processors
(DSPs), Field Programmable Gate arrays and Application

JTR  set
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Specific Integrated Circuits (ASICs) are examples of lower
level devices provided with the JTR set. Some of these
lower level devices are programmed prior to waveform
instantiation and are independent of the waveform. Others
are available to be programmed at the time of waveform
instantiation according to the domain profile. The JTR set
has the capability to utilize these devices as required to
instantiate a waveform.

For the purpose of this study, adding hardware specific
devices to support a waveform was not considered. If a
waveform is dependent upon a piece of hardware that a JTR
set does not have then this hardware is added by the set
developer and tested in a separate development effort. The
waveform is then ported to the JTR set after the device is
implemented.

The objective of the analysis was to examine the
requirements in SCA V2.2 to determine which were
requirements for one of the external interfaces identified in
figure 2. These external requirements are necessary to
assure waveform portability. Requirements that are not
necessary for waveform portability were then examined to
determine whether or not they could be removed from the
SCA document.

2.1 Assumptions

The following assumptions apply to the study:

» Devices are persistent. As stated in Section 2.1
hardware specific devices and their Radio Services
exist independent of waveform applications but are
used by waveform applications. Examples of these
deviees aRE Device

e 1/O Device
e  Security Device

» Radio Services exist independent of waveform
applications but are used by waveform applications.
These services are provided by the set developer with
the JTR set. They implement a well-defined interface
that the waveform can use to interface to the hardware
specific devices.

» Middleware Services (within the OE) exist independent
of waveform applications. The Log Service (optional),
CORBA Naming Service and the CORBA Event
service are the services defined in the SCA at this time.
These are services offered by the JTR set. They are
installed and tested by the set developer and delivered
with the set and used by both the JTR set and by the
waveform application.

» Domain Management (within the OE) is implemented
by the JTR set and exists independent of waveform
applications. The SCA V2.2 states in Section 3.1.3.2,
“The implementation of the  Application,
ApplicationFactory and DomainManager interfaces are
coupled together and must be delivered together as a

complete domain management implementation and
service.” The SCA V22 further defines the
requirements for the Application, ApplicationFactory
and the DomainManager interfaces and for the
behaviors of the objects that implement these
interfaces. Domain Management is used to instantiate
waveform applications according to the Domain Profile
however, many of these requirements are for
registering Device Managers, Devices and Services.
These behaviors are needed prior to waveform
instantiation and therefore, Domain Management exists
independent of waveform applications.

2.2 JTR Set and Waveform Lifecycle Scenarios

The SCA documents do not describe when the interfaces
and object behavior are required during the different states
of the JTR Set and waveform lifecycle. For instance some
of the interfaces are required at power up, some at
waveform instantiation and others are not needed until the
waveform is operating or until it is torn down. All of these
states were investigated and realizations were developed for

*The waveform
application is installed
prior to turning power
on

Figure 3 States and State Transitions That Were Analyzed

each. Figure 3 shows the states of the JTR set with an
installed waveform. The study effort concentrates on the
following states and state transitions as shown by the thick
gray (green if viewed on the PC) lines in Figure 3:

State Transition : Power—On/Set Initialization as the
JTR set transitions from the Power off State to Initialized
State

State Transition : Instantiate Waveform as the JTR
set transitions from the Initialized State to the Waveform
Operating State

State: Waveform Operating

State Transition: Stop WF as the JTR set transitions
from the Waveform Operating State to the Waveform
Stopped State
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State Transition: Teardown WF as the JTR set
transitions from the Waveform Stopped State to the
Initialized State

23 Requirements Analysis

Sequence diagrams and collaboration diagrams were created
to realize each state or state transition, however, space does
not permit these diagrams to be displayed in this paper.
Figure 4 is a summary diagram that shows the external and
internal interfaces between instantiated objects for the State
Transition: Instantiate Waveform. This diagram is the end
result of identifying each interface necessary to instantiate a
waveform. This summary diagram shows what interfaces
are external and are important for waveform portability
verses what interfaces are internal only and are not
important for waveform portability. As shown in the
diagram, all interfaces between objects that cross the
boundary line that encloses the waveform application are
external interfaces. All interfaces that do not cross the
boundary line that encloses the waveform application are
internal interfaces either to the JTR set or the waveform
application.

Figure 4 shows all of the interfaces used during
waveform instantiation and the data and control paths that
are established. As shown in the figure, the Device,
ExecutableDevice, LoadableDevice & AggregateDevice
interfaces to Logical Devices from Domain Management
(Application object) are internal to the JTR set. Because

—

MSve
interface
Object

[ —Resquree
Resource
Factory

\/
Resource
Factory

RSve Interface
Object

CORBA
Object(s)

Factory

Data/Control

Data

Non-CORBA
Objects

nge

-ﬁ

. Resource

Assembly
Controller

CORBA
——\_Object(s) Data

Waveform
application

As shown in the figure, there are external interfaces
from waveform application objects to the Devices through
the Device’s RSvc. These interfaces are located in the
lower right of Figure 4 and are labeled “Data/Control”.
These interfaces are well-defined APIs and are external
interfaces required for waveform portability.

The interface between the waveform RSvc Interface
object and the System Control RSvc and between the
waveform MSvc (Middleware Service) Interface object and
the Msvc application respectively are external. These
interfaces are well-defined APIs and are external interfaces
required for waveform portability.

Other interfaces shown between objects within the JTR
set’s Domain Management and the Waveform Application’s
Assembly  Controller object and the Waveform
Application’s Resource Factories are Base Application
Interfaces that are external interfaces required for waveform
instantiation.

Interfaces between the objects within the Domain
Management are internal to the JTR set. Since Domain
Management is implemented in the JTR set the Domain
Manager, Application Factory and Application interfaces
were always internal to the JTR set for all states and state
transitions.

3. WAVEFORM PORTABILITY REQUIREMENTS

As a result of the analysis the following are the major areas
of the SCA V2.2 specifying requirements in order of

—_—
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Application
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Logical
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Data/Control
CORBA CORBA
Objects Objects

Data Data

CORBA
Objects

Figure 4 Diagram Illustrating Internal vs. External Interfaces for
Waveform Instantiation

devices and device Radio Services are provided with the set
these interfaces are always internal for all states and state
transitions.

criticality that are necessary for waveform portability:
» Operating System: Waveform applications directly
use Operating System functions and services provided
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by the JTR set thus the requirements associated with
them are external requirements affecting waveform

primarily functional requirements internal to the JTR
Set and duplicative of NSA requirements. The majority

portability. of the security requirements are not necessary for
» Middleware and Services: The JTR set provides and waveform portability.
waveform applications use CORBA middleware
functions and services thus the requirements associated 6. CONCLUSIONS AND RECOMMENDATIONS
with them are external requirements affecting
waveform portability. The analysis used the JTR Set and waveform lifecycles to
> Base Application Interfaces: All of the requirements examine the SCA V2.2 specified interfaces to determine
for these interfaces apply to waveform instantiation and  their existence and use during different states of the JTR set
tear down. They define interfaces between the JTR set and waveform lifecycles. The analysis determined that less
objects and waveform objects and these interfaces are than half of the total requirements in SCA V2.2 are
necessary for waveform portability. necessary for waveform portability as shown in Figure 5. A
» API supplement: The requirements contained within detailed summary is presented in Table 2 showing the
the API supplement are used to define the interfaces number of requirements and whether or not they are
between waveform objects and Radios Services within ~ necessary for waveform portability within each section of
the JTR set. These interfaces allow waveform objects the SCA document.
to interact with JTR Set specific Devices, eg As a result of this analysis it is recommended that the
i \ : Not
INFOSEC, RF, 1/0, etc. w1t1111n the JTR set (ﬁ%vz-geaﬁmw.ﬁﬁqtiﬁﬂﬁents that are not ngq Nece;’sary N?gf\j\?ﬁfy Total
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