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Introduction

The SOSA™ (Sensor Open Systems Architecture) Consortium s
developing common open standards for designing, building, and deploying
hardware, software, and firmware components for sensor- based
electronic systems used by the military. Contributing members to SOSA
are U.S. government organizations including the U.S. DoD, Army, Navy,
and Air Force, as well as key representatives from industry and
universities. SOSA consists of a group of existing open standards that
provide a flexible foundation for embedded systems used in Radar, EO/IR,
SIGINT, EW, and communications. Objectives include vendor
interoperability, lower procurement costs, easy technology upgrades, and
longer life cycles of these mission-critical systems.

This eBook provides an overview of the SOSA standard, covering
challenges, successful strategies, and illustrative examples from key
companies with a focus on electronic systems for RF & Microwave
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What is SOSA?

Sensor Open System Architecture (SOSA) is a consortium that was established to develop an
open technical standard and best practices for sensors used in military and commercial
electronic systems. This allows flexibility in the selection and acquisition of sensors and
subsystems used to develop communication (Comms), electro-optical/infra-red (EQ/IR),
electronic warfare (EW), military radar, and signals intelligence (SIGINT) systems. The goal of
the SOSA consortium is to enhance and accelerate the deployment of affordable, capable,
interoperable sensor systems, as well as reduce the development cost of the sensor systems by
creating an open architecture.

The SOSA consortium has been formed by a collaboration between government, industry, and
academia. It has broad participation, commitment, and contributions from the U.S. Department
of Defense (DOD) - including the Army, Navy, and Air Force - as well as industry, academia,
and other government organizations.

The Sensor Open Systems Architecture™ Approach: Leverage Existing Open Standards
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Source: The Open Group's SOSA Consortium

SOSA provides guidelines for sensors used in Command, Control, Communications,
Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR) systems. C4ISR
systems are becoming increasingly important for mission success. The networks of
C4ISR collect massive amounts of data from multiple sensors, databases, and other
sources worldwide. This data is fused and processed into usable information and
shared securely among authorized users (war fighter) for mission success or taking
important decisions based on the situation. SOSA makes development of C4ISR
systems easier and can help lower their cost, as companies can now acquire hardware
and software components from multiple vendors speeding up development and
making upgrades significantly easier.
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Participation from multiple product/component vendors leads to healthy competition
for supplying quality products. This gives the customer multiple options when
selecting products, which ensures quality products at an affordable cost.

The SOSA technical standard describes specification requirements and establishes
guidelines for sensor product developers in the military sector. The standard
incorporates specifications for hardware elements including electrical and mechanical
interfaces with SOSA sensor elements. Sensor products that comply with the SOSA
technical standard provide benefits such as interoperability with DoD-acquired sensor
technologies, cost-effective embedded solutions, and commercial-off-the-shelf (COTS)
sensor technologies that can be easily and quickly integrated, repaired, or replaced.

The SOSA Consortium is focusing its efforts in three main areas:

e Development of a non-propriety open system architecture based on DoD-relevant
government or commercially available open standards for reconfigurable,
evolvable, and affordable C4ISR capabilities

» Creating a conformance process that will protect intellectual Property (IP) rights,
and provide guidance for incorporating SOSA into the acquisition process

« Lowering costs by opening competition and encouraging innovation to deliver new
capabilities faster

Benefits of Sensor Open System Architecture (SOSA):

e Facilitate interoperability

Reduces system integration cost and risk

* Increases commonality and reuse

s Reduces sustainment and modernization cost

o Enables technology transition

o Supports capability evolution and mitigates obsolescence

The open architecture supports airborne, subsurface, ground, and space. The SOSA
open architecture approach helps to address Department of Defense (DoD) needs for
a cohesive unified set of sensor capabilities and also addresses the issues of sensor
users such as affordability, versatility, and capabilities.

On SEPTEMBER 30, 2021, the open group SOSA consortium published the first
technical Standard for SOSA™ Reference Architecture, Edition 1.0. This was followed
by the publication of Edition 1.1 (June, 2023) and Edition 2.0 (Feb, 2024) with
additional updates. The SOSA technical standard uses existing government initiatives
(for example, FACE) & industry standards (for example, VITA).

SOSA is part of Open Group. The Open Group is a global consortium that enables
companies to achieve their business objectives through technology standards.

4 View Table of Contents ¢
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Understanding SOSA and
Its Importance for RF
Designers

About SOSA

The Sensor Open Standards Architecture (SOSA) consortium was started to provide
more commonality across platforms for the US Air Force, Navy, and Army. Part of the
effort is to bring together previously disparate efforts such as HOST, CMOSS,
VICTORY, etc, into more compatible forms. The benefits to the military are the ease of
integration, less training time, a more plug-n-play ecosystem, less confusion, less
vendor lock, lower costs, and more. It also gives them the ability to have a more
manageable innovation process and help lead designs requirements at the front end.
In short, the Department of Defense is heavily pushing the implementation/adoption
of the standard across the branches of the military. As the sensors are commonly
utilizing RF signaling, it is important for those in the radio frequency device
community to have an understanding of this significant undertaking.

From an embedded computing perspective, SOSA marries the sensor end of a system
to the processing end. While embedded computing standards in the past focused
more on mechanical and electrical interoperability, SOSA is the culmination of the
customer’s (Tri-service community) input and their application requirements to the
hardware, software and other vendors/OEMs/contractors innovative drive coming
together. SOSA leverages the standards of the VMEbus International Trade
Association (VITA) of 3U and 6U OpenVPX and their associated specifications that
support the technology. Often the customer’s desires are not (yet) practical or the
supplier community’s creative designs are not the right fit. But in the end, the
ebb/flow of this process is timelier, fluid, and the community is more efficient and
effective as a result. An important element of SOSA is the optical and RF sensor
relaying input to the computer (or vice versa).

SOSA is leading the push for a combination of various slot profiles of plug-in boards
that go into a backplane. From a chassis platform perspective, SOSA’s efforts are
driving the backplane speed requirements, hotter plug-in cards which require more
advanced cooling solutions, the RF and fiber interfaces which lead to new 1I/O
solutions, and chassis management.

So, what does SOSA entail from a chassis platform vendor’s point of view? In short
SOSA is a collection of SOSA aligned slot profiles.We say “aligned” because a SOSA
system platform will need to go through conformance standards to become official
(once the process for conformance is fully defined and available). A slot profile has a
certain pinout describing what various types of signals/pins do and where they go.
This includes the data plane, control plane, expansion plane, system management,
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utility, power, and more. Other factors include the data rate, RF and optical pin
positioning, etc. Figure 1 shows a common slot profile (with a 14.6.11 suffix)
highlighting the pin allocation along with the optical/RF connector type.

>—HKey
Utility Plane Data Plane — 1 Fat Pipe
Data Plane — 1 Ultra-Thin Pipe
Ground G
" CLK1, Maintenance Port
Maintenance Port
Control Plane — 1 Ultra-Thin Pipe
Reserved
Utility Plane Expansion Plane — 16 Pairs

VITA 65 Aperture Pattern H
for optical/coax

Key

Figure 1: The slot profiles tell the board manufacturer what pins on the module
should be allocated for which type of signal and it tells the backplane
manufacturer what the slot interface entails.

This tells the backplane designer how the slot needs to be routed. That said, there are
often specific routing instructions on how backplane pins are mapped. Figure 2 shows
a group of SOSA aligned backplanes with various configurations and RF/optical
aperture types. There is an important caveat when it comes to whether a system is
SOSA aligned. At this phase in SOSA’s evolution, not all slots in a system or areas of a
system need to meet the standard to be SOSA aligned. While the specification uses
12V power along with some 3.3V AUX, you can have some slots in the system that are
not SOSA and use, say, 5V power as well. Also, other slots may have a profile that is
not used in SOSA.

Figure 2:The various options for RF and optical interfaces bring a wealth of
OpenVPX/SOSA aligned backplane configurations that are possible for 3U
boards, 6U boards, and 3U/6U hybrid options.
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Power, Fans, & Chassis Hardware Management

Broader elements of the SOSA aligned enclosure includes the power supply, (optional)
fans, chassis manager, and I/O interfaces. A SOSA aligned system should have a
chassis manager. The chassis manager can be used to monitor the power supply and
fans (if the system has fans). It can also talk to SOSA boards in the system via the
system management bus on the backplanes. Depending on the features of the chassis
manager, it can performance sequential power up of the cards, graceful shutdowns,
etc. Utilizing a RESTful interface, the newer generation web-based API is definitely
preferred to RMCP, which is still optional. While a plug-in type for the chassis manager
is possible, obviously this takes up one of the backplane slots. Figure 3a. Another
popular option is a mezzanine-based chassis manager that does not consume a slot. It
fits behind the backplane and securely mounts to it. (See Figure 3b.)

Figure3a: Chassis management is a requirement for most SOSA Figure 3b: A mezzanine-based approach can reside beneath the
aligned enclosure systems. A chassis manager can come in a backplane and be mounted to it, this saves slot space inside the
pluggable form, but this consumes a slot enclosure

RF Interfaces

A key element of the chassis is the I/O interface. SOSA has optional connector
interfaces that meet the “customer” end of the performance demand. There are
various options for RF, optical and hybrid interfaces from the backplane to the plug-in
card. See Figure 4 for an example. On the front (or rear) panel end, there are also a
variety of MIL 38999 connectors for the RF channels with contacts supporting up to
70 GHz and is designed to terminate to standard .047” and .086" semi-rigid and
flexible cables (in the NanoRF version for example). There are additionally several
other position counts and styles for these RF interfaces. Other times, discrete SMA
interfaces will be placed on the front (or rear) panel of the enclosure. As SOSA
encourages technology advancement, the types and interfaces (and of course
performance capability) will likely morph over time. That said, VITA is the arbiter of
maintaining and upgrading many elements of the core standard on which SOSA is
based. VITA is always mindful as an organization, where possible, to maximize
backwards compatibility and longevity of their standards. In fact, the VME
specification is still being used in a decent number of military systems today even
though the original specification was ratified nearly 40 years ago.

10 Read This Article on everything RF everythingRF.com
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Figure 4: A card mat that employs “fins” to dissipate heat can be employed in a
chassis, keeping the airflow on the outside of the card cage, but providing a
way to cool the hotter modules in a system.

Higher Backplane Speeds, Higher Performance

Another element of the SOSA initiative is to maximize performance. For the
backplane/chassis supplier, this means faster speeds across the backplane and more
advanced cooling requirements. A few years back PCle Gen3 speeds (8 Gbaud/s)
across the backplane were commonplace and 40GbE (4x lanes of ~ 10Gbaud/s) was
the higher speed exception. With SOSA, 40GbE is often the lower speed option with
PCle Gen4 (16 Gbaud/s) and TOOGbE (4x lanes of ~ 25Gbaud/s). These speeds require
advanced routing techniques, high-grade PCB material that is more expensive, higher-
speed connector options of the VPX connector, back-drilling of vias, and more. The
routing challenges are exacerbated by the optical and RF connector module that may
be installed in the backplane, particularly when the P2 connector (and that routing
space) is consumed in a 3U OpenVPX backplane with these connectors.

While the higher speeds bring backplane routing challenges, the enclosure cooling
capability is also being taxed. Many SOSA aligned boards exceed 125W in a VITA 48.2
conduction-cooled board format. Cooling these modules is often requiring creative
solutions such as having airflow over the fins of a conduction-cooled card mat for a 19”
MIL rugged rackmount enclosure as shown in Figure 4 or in a rugged ATR chassis. For
more advanced cooling, there are options for airflow through the module (AFT),
airflow over fins on the module itself (Air Flow By or AFB) and liquid cooling either
through the module or through the sidewalls of the enclosure.

Power and 1/0 Affects

Another change was to make the power simpler and more consistent. While there are
various power input options, the power output for SOSA power supply units (PSUs)
are limited to 12V, with some 3.3V AUX. In order for the PSU to meet SOSA
requirements, it should have the capability to “speak” with the chassis manager via an
Intelligent Platform Management Controller (IPMC).

While we have discussed the speed, cooling, and chassis management of these
systems, there is a more elusive concern which can sneak up on you. With the higher
performance systems and RF/optical interfaces in the chassis, the |/O space on the
front (or rear) panel can often be constrained. For the MIL 38999 interfaces there are
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standard spacing guidelines that should be followed so that a gloved technician can
access the |/O connectors. With SWaP (Size, Weight, and Power) restrictions for most
systems, there is often only so much space available for the size of the enclosure.
Therefore, the I/O requirements and spacing required should be closely reviewed for
any design.

Making Your Solution SOSA Aligned

SOSA is helping make the military computing system more efficient and effective by
simultaneously advancing technology, but keeping a smaller subset of core options.
The result is a powerful standard that maximizes re-use of a core set of modules and
minimizes integration, training, and support time. It would be advisable to check out
the VITA specifications that were mentioned herein and joining the SOSA consortium
is open to US companies.

4 View Table of Contents ¢
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Why SOSAR® is Driving the
Future Course of Embedded
Military Electronics

In 2013, the U.S. Department of Defense (DoD) issued a mandate to incorporate Open Systems
Architecture principles within procurement requirements for defense hardware and software.
OSA requires the use of existing open standards for well-defined, modular hardware and
software components that can be sourced from multiple vendors. OSA hardware platforms
should be reusable for quick-reaction mission needs, feature upgrades and new technology
insertion. These advantages reduce development risks and help ensure significantly longer
operational lifecycles.

How did DoD services respond to the OSA mandate?

Three U.S. services (Army, Navy and Air Force) began developing standards that
embraced OSA principles to meet future procurement needs of deployed systems for
their respective services. The Army’s CCDC (Combat Capabilities Development
Command) developed CMOSS (C4I1SR/EW Modular Open Suite of Standards), which is
based on other open standards, including OpenVPX, MORA, VICTORY, REDHAWK and
SCA.

NAVAIR (Naval Air Systems Command) created HOST (Hardware Open Systems
Technology) for airborne and ground vehicle mission systems. It divides hardware into
three tiers: 1) the platform (airframe, vehicle, etc.), 2) the system enclosure and, 3)
boards, with the latter two tiers being subsets of OpenVPX.

The Air Force’s OMS (Open Mission Systems) initiative incorporates open standards,
including SOA, UCI, and FACE, all for standardizing messages, command and control
mission information for avionics systems.

What led to SOSA?

While each service made significant progress in advancing OSA principles, they did so
through different initiatives that often shared many common open standards like
OpenVPX, and mandates tailored for service-specific platform requirements.

After recognizing this common ground, the DoD and each of the services
acknowledged a strong need to promote a single, common initiative to define
acquisition activities across all three armed services. In early 2017, the DoD issued an
SBIR solicitation for Sensor Open Systems Architecture (SOSA) Architectural
Research. This resulted in the formation of the SOSA Consortium managed by The
Open Group, a large organization with strict and well-defined practices, policies and
procedures for standards development efforts.
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Who participates in SOSA?

A primary mandate of the SOSA Consortium is broad participation, commitment and
contribution from the DoD, Army, Navy and Air Force, as well as industry, academia
and other government organizations. As of this writing, SOSA membership is headed
by 11 sponsor organizations including eight from the Army, Navy and Air Force, plus
three prime contractors. The 18 principal members are all prime U.S. defense
contractors and 105 associate members include well-known systems integrators and
major hardware and software suppliers to the defense community. Members of each of
these organizations play critical roles in working groups to help develop the Technical
Standards and practices.

Membership in SOSA is restricted to U.S. citizens and organizations so representatives
from the armed services can present DoD-sensitive or classified requirements to
promote solution strategies within the SOSA Technical Standard. For this reason,
technical details of ongoing discussions in SOSA may not be disclosed to the public.
However, the Standard now released to the public contains only specifications and
rules, free from the underlying sensitivity.

What are the objectives and benefits of SOSA?

Major objectives include development and adoption of open systems architecture
standards for C4ISR to provide a common, multi-purpose backbone for radar, EOQ/IR,
SIGINT, EW and countermeasure systems. The follow-on benefits of SOSA include
platform affordability, rapid fielding, re-configurability, easier insertion of new
technology, extended lifecycles and re-purposing of hardware, firmware and software.

The initial significant byproduct of the SOSA Technical Working Group is the SOSA
Technical Standard 1.0, released in September 2021, that documents the SOSA
Architecture. This is a modular system structure, with tight integration within modules
for encapsulating functionality and behaviors, yet well-defined interfaces. These
modules must be based on open, published standards with consensus-based influence
stakeholders directing the evolution and a strict conformance validation process.

The Technical Standard, largely derived from VITA standards, defines specifications for
plug-in cards, backplanes, chassis, electrical components and mechanical structures .
The SOSA Conformance Policy defines processes for qualifying products against the
Technical Standard. Until the award of certification, no product can claim to be SOSA
conformant.

The SOSA technical standard 1.0 is here, what’s next?

Now that SOSA 1.0 is here and products are being developed in alignment with it, the
next step is establishing a conformance program. According to Patrick C. Collier, Chair
of the SOSA Hardware sub-committee and Conformance standing committee, the
program is underway and will include a conformance guide and verification matrices,
with verification authorities (VA) who will collect information from a supplier and will
measure product adherence to the standard. Verification matrices for each technical
subcommittee will be defined, with subcommittee experts having a voice in what makes
the most sense.
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The VA, which is an independent organization, will then execute those conformance
methodologies. Once the verification process is finished, the product goes to a
certification body run by The Open Group. The certification body will conduct the
requisite checks required to declare the product “SOSA conformant.”

Is SOSA here to stay?

You can’t open an industry magazine or visit a website without seeing news about
SOSA, open standards and their adoption. In the last year, the number of SOSA
principal sponsor organizations grew by 18%, the number of principal members by 22%
and the number of associate members by 23%, strongly indicating the viability of the
SOSA standard.

The DoD has already issued numerous requests for proposals clearly favoring
respondents that offer OSA-based solutions. Active participation in SOSA by the DoD,
all three armed services, embedded industry vendors, universities and research
facilities offers evidence that SOSA is well on its way to setting the future course for
embedded military electronics systems.
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RF+Digital Building
Blocks Open New
Possibilities for Modern

\/

The continued growth of mobile networks and advancing digital technologies are significantly
impacting military and aerospace systems and operations. Enormous strain is now placed on
the available RF spectrum for the command, control and communication requirements of the
Department of Defense (DoD). It is also making it easier for adversaries to use hidden signals
for nefarious missions.

For these reasons, a new approach needs to be taken with regard to the electromagnetic
spectrum and as importantly, how the military can most effectively use it. In fact, DoD
leadership has implemented an electromagnetic spectrum superiority strategy that is focused
on three "Cs":
» Contested environment: Adversaries have become better at jamming the spectrum.
Effective countermeasures must be developed.
« Congested spectrum: The spectrum is being used by many more entities, domestic and
abroad, including in actual warfare as well as military training.
. Constrained spectrum: Domestic and international regulations have decreased the amount
of spectrum available for military access. More efficient use is necessary, as a result.

One aspect of the plan to address the three critical elements is developing advanced electronic
warfare (EW) systems with high-fidelity wideband RF performance. It is necessary to ensure no
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signals are missed to achieve optimum spectral awareness, for offensive and countermeasure
initiatives.

There are also emerging EW system design factors that require a disruptive approach and
advanced technologies. Among the most critical are:

« More compact EW systems: From attritables and precision munitions to unmanned vehicles
and more, modern EW is becoming smaller and lighter while also meeting more complex RF
threats.

. Rapid deployment: There is a DoD initiative to have shorter and more cost-efficient project
timelines, from concept to deployment. This is necessary in today’s battlefield, which is
advancing faster than previous generations.

. Open architecture: To that end, the DoD is placing greater focus on open standards,
especially Sensor Open Systems Architecture (SOSA). Open environments are expected to
control costs, create more design options, and make adaptability and project updates easier
and more efficient.

A Company with a Rich History Pays Dividends

While such market trends will introduce new players into EW, to effectively address
the performance, size, and price demands, an established company experienced in EW
is necessary. Decades of industry knowledge and leadership create a strong
foundation upon which the building blocks of the future of EW systems can sit.

Spectrum Control has more than 70 years of RF and electromagnetic spectrum
experience. A new executive leadership team at Spectrum Control is blending that
spectrum leadership with a clear vision of addressing the new EW dynamics.

New Designh and Manufacturing Technologies

One critical element to meet today’s EW system requirements is to change how
engineering is done. RF and digital engineering teams traditionally work in silos. Digital
engineers are concerned with specifications, such as clock rates, speed of internal
devices, storage, memory, and most importantly, software. Conversely, RF designers
focus on other functions, including impedance traces, VSWR matching, and noise
created by system components based on the board layout. RF engineers also are
concerned with voltage, high slew rates, noise, and other factors associated with digital
circuitry that can degrade RF performance.

Compounding the differing mindsets is that each design team typically wears virtual
blinders. Both engineering groups are so focused on their responsibilities and concerns
that they have always had a blind spot toward each other. Their eyes - and minds -
only open when the RF and digital elements have to be integrated into the component
or module.

The result is a design nightmare. Often, engineering teams are forced to develop a
“back door” late in the process to overcome calibration and overall compatibility
issues. This extra step leads to multi-month delays in development schedules and adds
days to every single device that is tested. Subsequently, design costs increase and
timelines slip.

A collaborative approach, such as the one implemented at Spectrum Control,
eliminates all delays, added costs, and headaches associated with the traditional
approach. Greater systems engineering functionality is created.
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The end result of this disruptive method is innovative design and manufacturing
technologies for integrated solutions that address emerging EW environments. A key
advantage is that the solutions are developed based entirely on surface-mount
technology (SMT), a significant departure from how the industry has historically
designed modules of this type. Taking this approach adds speed and reliability to the
manufacturing process and provides critical advantages in building the next-
generation supply chains customers need post-pandemic.

Modular, Flexible RF+Digital Building Blocks

With digital engineering teams working side-by-side with RF engineers from the start
of the project, digital controls and RF functions can be developed synergistically from
the onset of the design process. The resulting digital gateway into the RF domain
offers multiple benefits such as a streamlined process, an efficient design path for
SOSA-aligned products, and greater flexibility, testability, and extendibility.

A common software interface similar to a digital card is used to create the digital
gateway into RF. A clear communications path is established by the digital gateway
for a hierarchical, modular, and open approach to controlling RF components,
modules, and subsystems. The result is compatible functionality, including circuitry and
voltage. With such a gateway, RF engineers have a clear vision of the digital aspects,
such as calibration controls and temperature compensation.

Scalable Solutions for EW Systems

Next, a scalable architecture is created, so digital and RF designs can be right-sized for
the specific project. The digital gateway facilitates a new level of software control that
delivers a greater degree of RF flexibility, interoperability, and mission agility. RF
controls and software can be integrated seamlessly and efficiently. Many issues and
problems associated with the more traditional approach are eliminated.

Digital gateway building blocks can be used to realize more agile EW subsystems,
systems, and systems-of-systems and comply with SOSA standards. Spectrum Control
is using these open standard RF+ system blocks to develop the SCi Blocks (“sky
blocks”) family of next-generation RF+Digital solutions that address the size, weight,
power and cost (SWaP-C) and open architecture requirements of emerging military
and aerospace system designs. Key innovations using Field Programmable Gate Array
(FPGA) technology and 2.5D manufacturing are enabling a no-compromise
improvement in digital enablement without affecting size, weight, power, or
performance.

High-density, high fidelity, wideband RF solutions can be developed with the SCI
Blocks architecture at three levels - System-in-Package chips (SiPs), RF-on-mezzanine,
and SOSA-aligned 3U VPX modules that slide into a standard chassis/backplane. The
lower levels of the architecture are designed to be used standalone and to readily
integrate into the higher levels.

The SCi Blocks architecture reduces product development and bring-up activities by
50%. It is expected to translate into significant savings for customers in integration,
qualification, and low-rate initial production. Table 1 outlines the performance
specifications for the SCi Block wideband up/downconverter.
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Wideband Downconverter Specification

RF Input

20 MHz - 18 GHz

Instantaneous Bandwidth | 2 GHz IF output is centered at 4 GHz
Noise Figure | 14-17 dB Typical values are 12 dB

Gain 25dB

OP1 14 dBm Typical values are 18 dBm
OP3 25 dBm [Typical values are 28 dBm
Single Tone Spur Free Dynamic Range >60 dBc

Wideband Upconverter Specification

RF output

20 MHz - 18 GHz

Instantaneous Bandwidth | 2GHz IF input is centered at 4 GHz
Noise Figure 17-22dB 'Typical values are 18 dB
Gain 20dB

OP1 14 dBm Typical values are 16 dBm
oP3 25 dBm Typical values are 26 dBm
Single Tone Spur Free Dynamic Range >55 dBc |

Table 1: SCi Block wideband up/downconverter specifications.

The open architecture characteristics of the RF-on-mezzanine product (figure 2) align
with SOSA standards. The modularity embedded in the SCi Blocks architecture allows
for various combinations of upconverters or downconverters in the 3U OpenVPX form
factor to support various mission configurations. It provides repeatable, high-
performance without the need for manual tuning.

Figure 2: A SOSA-aligned 3U VPX module with flexible RF-on mezzanine architecture meets the SWaP-C requirements of modern
military and aerospace systems

EW Transceiver Benefits

The benefits of SCi Blocks are seen in virtually any design, such as an EW transceiver.
A transceiver can be built utilizing 4 upconverters and 4 downconverters, each
covering 2 GHz of the electromagnetic spectrum for a total of 8 GHz of bidirectional
frequency coverage. Two SCi Blocks modules can produce 16 GHz of both receive and
transmit capabilities to an EW system such as a wideband Digital Radio Frequency
Memory (DRFM).
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A scalable physical architecture for the 1 GbE, 10 GbE, and 40 GbE interfaces is
implemented. It enables retrofitting into currently deployed systems without changing
existing system software. The system on chip (SoC) may also be used to implement
Vita 49.2 messaging and data path protocols for future products.

VPX Modules for EW Systems

VPX modules are also digitally-enabled and more importantly, SOSA-aligned. This is
made possible through the incorporation of the SCi Block Manager, a higher-level
control function built into every module. The Manager can be programmed to execute
a variety of built-in test functions, as well as control the RF performance of the module
to accommodate changes in the operating environment and mission requirements. By
allowing system integrators a common command and control infrastructure for various
RF circuitry, the SCi Blocks Manager lends itself to much faster system integration.

Consolidating various RF front-end features in SCi 3U Open VPX modules yields
another SWaP advantage leading to a unique small form factor EW system (figure 3).
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Figure 3: SCi Blocks small form factor EW system

The SCi Blocks module utilizes 4 downconverters for an ES receiver to provide
situational awareness. Two upconverters and downconverters are paired to produce
the RF front-end for a wideband DRFM. The common command and control
architecture for the SCi Blocks module along with the SOSA-aligned interfaces allows
for quick and easy integration with the various Digital Signal Processing (DSP)
elements and single board computers (SBCs). The combination can add new EW
capabilities to small platforms such as Unmanned Aerial Systems (UAS) previously
unavailable due to SWaP-C constraints.
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Plug-and-play Building Blocks for EW

These examples show how the SCi Blocks architecture serves as a “plug-and-play”
solution for EW platforms. Three main benefits are realized with the new design
approach:

Rapid system integration: A standard digital interface allows plug-and-play solutions
to be efficiently designed into EW/ISR systems, saving time and money. The creation
of the digital gateway results in RF solutions that are functionality similar, so every
system is more efficiently developed. The DoD initiative for shorter timelines and
development cycles is met.

Faster modifications: Military and aerospace systems can be modified much faster
using this approach because all that is necessary is software enhancements. Traditional
RF systems also had a hardware upgrade requirement, which resulted in longer
turnaround times. What had traditionally taken months, or a year, can now be done in
days or weeks.

Adaptability: The ability to efficiently create modular solutions that integrate various
levels of RF performance depending upon the project requirements allows for greater
mission flexibility. It also expands future design approaches by reducing traditional
cost and time constraints.

Conclusion

Some estimates state that 75% of the cost of a defense project is associated with
integrating components and modules. Development of SCi Blocks plug-and-play
digitally-enabled RF building blocks provides the solutions to meet emerging designs
in a time- and cost-efficient manner. SCi Blocks also expand EW capabilities into
applications that were previously limited by SWaP-C concerns.
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SOSA and VITA Working
Together for Next-Gen
Defense Systems

The SOSA™ (Sensor Open Systems Architecture) Consortium is developing common open
standards for designing, building, and deploying hardware, software, and firmware components
of new military electronic systems. SOSA contributing members are U.S. government
organizations including the U.S. DoD, Army, Navy, and Air Force, as well as key representatives
from industry and universities.

SOSA adopts the most appropriate subsets of existing open standards to form a multi-purpose

backbone of building blocks for current and future embedded systems for Radar, EO/IR,
SIGINT, EW, and communications.

Objectives include vendor interoperability, lower procurement costs, easier new technology
upgrades, quicker reaction to new requirements, and longer life cycles.
Because the emerging SOSA hardware standard draws primarily from OpenVPX and other

related VITA standards, the new technologies, topologies, and environmental requirements
critical to meeting SOSA objectives must be supported by extensions to these VITA standards.

This article is an overview of the SOSA and VITA organizations and how they interact, along
with the challenges, successful strategies, and illustrative examples.

ML

ZYNQ

XC2U2TOR™
FEVGIS 1 TAAR 1853
OFEABTa L

1E-ES9815 ﬁ

TaimAn
TurRE 00_m1esd

- o ..
v B g B g B wei B 4

QuartzXM Model 6001 8-Channel A/D & D/A Zynq UltraScale+
RFSoC Processor eXpress Module

Vita background and mission formed the VMEbus Manufacturers
Introduced to the market in 1981, the Group (now VITA) in 1983.

VMEbus architecture began gaining In 1985, VITA (VMEbus International
market presence with specification Trade Association) was founded to
development and products from promote VMEbus in worldwide markets
Motorola and other early vendors, who and published its first directory of 174

24 Download this Whitepaper from Mercury Systems everythingRF.com


https://www.mrcy.com/resourcehub/white-paper/white-paper-sosa-and-vita-working-together-for-next-gen-defense-systems

SOSA eBook

vendor companies and over 2,700
product families. VMEbus soon won
widespread acceptance and adoption by
defense, government, research, and
industrial customers.

The VITA Technical Committee, formed
in 1987 to develop dozens of new
extensions to VMEbus, evolved in 1994
into the present-day VITA Standards
Organization (VSO) . A year earlier, VITA
became an accredited standards
development organization with the
American National Standards Institute
(ANSD .

To overcome performance limitations of
the parallel bus backplane of VMEDbus, in

Mercury Systems

2003 VITA introduced the VITA 46 VPX
standard to take advantage of new
gigabit serial interconnect technology for
3U and 6U boards. In 2010, after
widespread use, refinements, and serious
interest in VPX for long-term defense
programs, VITA announced the VITA 65
OpenVPX system specification, quickly
ratified by ANSI.

VITA continues its strong role in
promoting and developing open
architecture embedded system
standards, actively supporting numerous
working groups in the VSO, and working
with vendors and other organizations to
embrace new technology and meet new
market requirements.

Open Systems Architecture
Directive and Initiatives

In May 2013, the U.S. Under Secretary of
Defense issued a milestone memo
mandating that all acquisition activity
must incorporate DoD Open Systems
Architecture (OSA) principles and
practices. These include using existing or
evolving open standards for well-defined
modular hardware and software
components that can be sourced from
multiple vendors. Once proven, hardware
platforms should be reusable for quick-
reaction mission needs, feature

25 Download this Whitepaper from Mercury Systems

upgrades, and new technology inser tion.
Software architectures must be layered
and extensible to permit operating
system and security upgrades, and to
accommodate new applications and user
inter faces. These advantages reduce
development risks and help ensure
significantly longer operational life cycles.

In response, each of the three primar y
U.S. ser vice branches (Army, Navy, and
Air Force) , began developing standards
that embraced OSA principles to meet
future procurement needs of deployed
systems for their respective services.
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The Army ’s CCDC (Combat Capabilities
Development Command) in Aberdeen,
MD developed CMOSS (C4ISR/EW
Modular Open Suite of Standards) .
These standards include OpenVPX for
hardware, VICTORY to share vehicle
services (like time and position) for
C4ISR/EW interoperability, and MORA
(Modular Open RF Architecture) to share
antennas and amplifiers. It also uses
REDHAWK and SCA software
frameworks.

The Navy ’s NAVAIR (Naval Air Systems
Command) in Patuxent River, MD
created HOST (Hardware Open Systems
Technology) , which initially focused on
embedded processing for airborne and
ground vehicle missions. Its major goal of
abstracting hardware and software
components aligned well with OSA
concepts. HOST hardware definitions
include three tiers: Tier 1 defines the
deployed platform (airframe, vehicle,

Mercury Systems

UAV, etc.), Tier 2 defines the embedded
system enclosure, and Tier 3 the boards,
backplanes, modules, and faceplates.
Tiers 2 and 3 are subsets of OpenVPX
modules and profiles. A registry of Tier 3
products offers an approved catalog of
components for sharing across
programs.

The Air Force’s OMS (Open Mission
Systems) initiative incorporates SOA
(Ser vice Oriented Architecture) for
commercially developed concepts and
middleware, and UCI (Universal
Command and Control Inter face) , which
standardizes massages and middleware
for sharing command and control
mission information between airborne
system elements. OMS strongly
embraces FACE (Future Airborne
Capability Environment) , a consor tium
of The Open Group that adopts open
software standards for avionics systemes,
which gained full support of all three-
armed services.

DoD MOSA OBJECTIVES

U.S. Navy Navair U.S. Army CCDC U.S. Air Force

HOST CMOSS

and EW I a (Cpe

Tier 1: Airframe
Tier 2: Chassis
Tier 3: Modules

VICTORY - MORA
OpenVPX - VITA 49
JBC - Platform

FACE - VITA 49
OpenVPX Sub-Set

SOSA CONSORTIUM

MNavy, Army & Air Force
Industry & Universities
formed under The Open Group
Defining Best Standards and Practices
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Figure 1: After independently developing standards in response to DoD MOSA objectives, the three
services joined the SOSA Consortium to develop a unified standard.
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SOSA Consortium

While each service made significant
progress in advancing OSA principles,
they did so through different initiatives
that often-shared common open
standards, including OpenVPX and
FACE. However, each initiative also
included specific mandates tailored for
service-specific platform requirements.

After recognizing these facts,
administrators within DoD and each of
the services perceived a strong need to
promote a single, common initiative to
define acquisition activities across all
three services.

In early 2017, the DoD issued an SBIR
solicitation for Sensor Open System
Architecture (SOSA) Architectural
Research outlining the numerous OSA
initiatives and objectives for a unified
solution. This resulted in the formation of
the SOSA Consortium managed by The
Open Group, a large organization with
strict and well-defined practices, policies,
and procedures for standards
development efforts.

A primary mandate of the SOSA
Consortium is broad participation,
commitment, and contribution from DoD,
Army, Navy, and Air Force, as well as
industry, academia, and other
government organizations. Major
objectives include development and
adoption of open systems architecture
standards for C4ISR to provide a
common, multi-purpose backbone for
radar, EO/IR, SIGINT, EW and
countermeasure systems. Additional
objectives include platform affordability,
rapid fielding, re-configurability, new
technology insertion, extended life
cycles, and re-purposing of hardware,
firmware, and software.
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Inside the SOSA Consortium

The SOSA Consortium Organization
consists of two primary groups. The
Business Working Group (BWG) defines
business and acquisition practices and
creates guidance for acquisition
programs. The Technical Working Group
(TWG) is responsible for defining the
SOSA Architecture, and producing the
SOSA Technical Standard and SOSA
Reference Design.

The SOSA Architecture presents a
modular system structure, with tight
integration within modules for
encapsulating functionality and
behaviors, and yet well-defined
interfaces.

These modules must be based on open,
published standards, with consensus-
based influence stakeholders directing
the evolution, and a strict conformance
validation process. The SOSA
Architecture protects IP (intellectual
proper ty) within the modules to
incentivize innovation and competition.
The SOSA Technical Standard
documents the SOSA Architecture with
detailed rules and requirements drawn
and adapted from a collection of open
standards. The primary standards
defining specifications for plugin cards,
backplanes, chassis, electrical
components, and mechanical structures
are VITA standards.

The SOSA Conformance Policy, now
being defined by the SOSA Conformance
Standing Committee, will define
processes for qualifying products

against the Technical Standard. They
include multiple conformance verification
processes, a single conformance
certification process, and a single SOSA
certified conformant product registration
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process. Until the award of cer tification,
no product can claim to be SOSA
conformant.

Membership in SOSA is restricted to US
citizens and organizations so that DoD-
sensitive or classified requirements

can be presented by representatives
from the armed services to promote
solution strategies within the SOSA
Technical Standard. For this reason,
technical details of on-going discussions
in the SOSA Technical Working Group
may not be disclosed to the public. Once
the standard is approved and released to
the public, it will contain only
specifications and rules, free from the
underlying, sensitive use drivers.

VITA and SOSA

Because VITA is so central to the SOSA
hardware definition, many of the same
individuals in the SOSA TWG are also
active participants in the VITA Standards
Organization (VSO) . Because
restrictions on technical disclosures
imposed on the TWG by SOSA do not
apply to VSO, members of VSO must be
mindful against referencing on-going
SOSA technical topics in their VSO
discussions and publications.

Nevertheless, the TWG does release
period “snapshots” of the evolving SOSA
Technical Standard that are publicly
available for review, the latest being
Snapshot 3 released in July 2020. While
no conformance to these snapshots may
be claimed, they illustrate the direction
and underlying principles guiding the
final standard.

In some cases, SOSA adopts only
carefully selected subsets of existing
VITA specifications. For example, the
TWG adopted only a handful of the more
than one hundred 3U and 6U OpenVPX
slot and module profiles, based on an
analysis that they could accommodate
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the majority of system requirements.

User-defined backplane pins defined in
OpenVPX pose a nemesis for
standardization efforts because they
allow custom assignment of signals with
inter face standards, directions, and
voltages. Profiles with user-defined pins
are being deprecated in SOSA. Instead,
work is under way to assign a minimum
set of specific I/O standards to each
group of legacy user-defined pins for
each of the OpenVPX control, data, and
expansion planes.

SOSA restricts the primary VPX power
supplies to +12V only, prohibiting +5V,
and +3.3V. This greatly simplifies the
previous OpenVPX issue of balancing
among three voltages to simplify chassis
power supplies and standardize the plug-
in cards.

Unlike most OpenVPX systems, SOSA
requires hardware platform management
leveraging the HOST 3.0 system
management architecture, which itself is
highly leveraged from VITA 46.11. A
system manager module accesses all
SOSA system elements for census taking,
health monitoring, trouble shooting, new
firmware/software upgrades, and
reset/recovery operations.

Backplane I/O for RF signals and optical
inter faces in OpenVPX have gained
significant traction in CMOSS, MORA,
and HOST systems over the last six
years, all enabled by VITA 66 and VITA
67 specifications. Eliminating front panel
cable harnesses wins high scores for
maintenance and reliability. Some of the

Figure 2: Rear view of 3U OpenVPX Module with two VITA 67.3D
backplane connectors, each with 10 coaxial RF signals and 24
optical | anes. Cour tesy by TE Connectivity.
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latest modular backplane standards offer
extremely high density and even mixed
RF/optical inter faces as shown in
Figure?2.

In summary, when critical needs arise
from SOSA customers (DoD services) ,
SOSA TWG members can promote
innovation for new standards within the
VSO to accommodate them, while still
complying with SOSA restrictions.
Next steps

The release of the SOSA Technical
Standard 1.0 is expected to be released
on September 20, 2021. In spite of the
current public health crisis, web-based
conferencing has replaced many face-to-
face meetings with regular on-going
conference calls to help maintain the
momentum. After its release, product
vendors may begin the processes
leading to full certification.

Never the less, vendors are now offering
products that were “developed in
alignment with SOSA” like the one
shown in Figure 3. A key difference in the
SOSA architecture from earlier open
standards is the well-defined protection
of IP, which encourages numerous
examples of supplier innovation and
investment.

The DoD is now issuing requests for
proposals and information clearly
favoring respondents that offer OSA-
based solutions.

Mercury Systems

Figure 3 Quartz Model 5553 : 3U VPX 8-Channel A /D and D/A
Gen 3 RFSoC SOSA Aligned Processor incorporates RF and
optical backplane using VITA 66 or VITA 67 connectors. The top
cover has been removed to show details.

The DoD is now issuing requests for
proposals and information clearly

favoring respondents that offer OSA-
based solutions.

The active participation in SOSA by the
DoD, all three-armed services, embedded
industry vendors, universities, and
research facilities gives evidence

of their substantial commitments of
resources and personnel. These clear
signals ensure that SOSA is well

on its way to revolutionize the future of
embedded military electronics systems.

4 View Table of Contents ¢
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Conclusion

With this, the “Understanding SOSA” e-Book comes to an end. By
providing key whitepapers and articles, this resource equips readers with
the knowledge and understanding necessary to navigate the complexities
of SOSA implementation effectively.

SOSA Technical Standards

STANDARD EDITION RELEASE DATE
SOSA 1.0 SEPTEMBER 2021
SOSA 11 JUNE 2023
SOSA 2.0 FEBRUARY 2024

The eBook would not have been possible without contributions from
industry leaders like Mercury, Pixus Technologies and Spectrum Control.

Stay tuned for more eBooks from everything RF exploring cutting-edge
technologies in the future.
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