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1.  TITLE: Army Missile Collaborative Design Environment (AMCODE)
2.  Abstract – The Army Aviation and Missile Command (AMCOM) Research Development and Engineering Center (RDEC) is faced with a shrinking Research & Development (R&D) budget and an increased requirement to design, analyze and develop complex missile systems on shortened time lines.  Traditionally, collaboration on missile designs consisted of sharing paper documents, attending meetings and briefing team members. While face to face meetings are sometimes the best way to transmit certain types of information, today’s technology affords a much more efficient and cost effective medium for management of sophisticated design data.  The key to identifying the proper mix of  today’s technology to accomplish an electronic collaborative design environment lies in understanding the current design environment within the RDEC and adapting the correct mix of tools that both preserve the existing knowledge base infrastructure and allow rapid access to accurate and up to date design information. A three pronged approach to accomplishing this goal has been considered that consists of a Genetic Algorithm Missile System Synthesizer for rapid prototype development, an object oriented relational database for all information storage and retrieval, and  software tools and technologies to connect the technical “islands of automation” already existing in the RDEC for detailed subsystem design. The implementation of this collaborative design environment has significant technical and cost advantages.  This paper describes an architecture that utilizes a mix of software tools along with RDEC personnel subject matter experts (SME) whose combination thereof creates a unique missile design environment that is both cost effective and efficient.   The proposed collaborative design environment is applicable across the total missile lifecycle spectrum from initial concept development to production of new systems.

3.  BACKGROUND – The United States Army is currently undergoing a transformation in both force structure and weapon system design to accommodate changes in deployment doctrine and system capability required to address future threats.  At the highest system level, the future combat vehicle, the main premise driving this transformation is that this vehicle must be light and easily deployable to rapidly influence distant conflicts before the theaters become too difficult to enter.  Not surprisingly, a new host of weapons are being considered as armament for this new vehicle.  These new weapon types must not only be light weight and compact but must possess the same effectiveness and lethality as the systems they are replacing.  In order to accomplish this task efficiency must be designed into the weapon systems at the beginning.  New design techniques using state-of-the art tools coupled with corporate knowledge must be devised that are both cost effective and efficient.  Not only are we faced with producing better and more efficient weapon system designs but we must do this with less funding and less time.  This sounds like an impossible task especially if we are relying on status quo design and analysis techniques. 

Additionally, proliferation of high tech weapons in the arsenals of U.S.  adversaries is placing current war fighting assets at unprecedented risk.  An environment must be established that allows rapid assessment of our adversaries’ systems and allows for rapid development of effective counter measures to service these threats.  The AMCODE allows the RDEC to operate in such a mode as to produce correct solutions in an unprecedented R&D rate.  The elimination of manual data manipulation coupled with “smart” algorithms that use existing design tools to sort through thousands of  design variable combinations, in seconds, to arrive at the most “efficient” design based on system requirements makes this task possible.  The experience of the SMEs can be focused on optimized system results rather that manually wading through volumes of computer generated design options created in a vacuum without the benefit of system performance feedback.

Successful application of this enabling technology will require the implementation of three major technologies and the integration of a seamless electronic interface.  These technologies consists of a missile design tool synthesized by a genetic algorithm, an object oriented relational database project management system for publishing and subscribing large amounts of data and sharing information, and collaborative software tools for synthesizing subsystem design codes. Tradeoffs will include the choice of software tools and emerging computer languages capable of meeting the AMCODE requirements. Numerous object oriented relational data base applications and collaborative design tools are available for evaluation and testing.

4. DESCRIPTION – A methodology creating a Collaborative Design Environment for RDEC is proposed.  A schematic showing the three areas of technology is shown in Figure 1.  The first technology area (A) involves the use of a Genetic Algorithm (GA) tool.  This tool will be used for the Concept Definition Phase of design.  The GA tool is fed by system performance requirements and uses prediction codes and simulation linked via GA to solve for a series of best initial design points based on system requirements and design goals.  Technical design information is stored and retrieved from the centralized database.  The second technology area (B) is the development of a centralized database, AMCODE Data Access Management (ADAM). This is a full-featured project management system for storage of all key design and performance data related to a project.  Projects consist of a web site, version control repository, File Transfer Protocol (FTP) area, mailing lists, forums and online documentation.  The third technology area (C) is the Detailed Design and Optimization function.  This area consists of the detailed design by the SMEs using concept definition results.  It will allow for links to functional area SMEs design tools electronically using Commercial Off-the-Shelf (COTS), open source, and government tools and technologies to enable design optimization.  This function will also store and retrieve data from the centralized database, ADAM.  Analysis of existing missile systems performance is also conducted in this area of technology using a simulation linked to Computer Aided Design 
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(CAD), prediction and analysis tools and constructive analysis tools.

The product of this Collaborative Design Environment will be detailed design and performance information that can be used to manufacture test articles and feed high level constructive analysis tools.  All design iterations as well as reports will be archived in the centralized database and preserved for future reference.

5.  Genetic Algorithm Research - The AMCOM is in need of faster, more optimized design of missiles and missile systems.  The missile design process begins at the concept exploration stage when very little information is known and usually consists of mission requirements and design goals.  Using this limited information, processes and tools are needed to rapidly investigate the design space and determine optimal concepts that meet the design criteria. In the past, the design exploration phase usually involves teams of subject matter experts (SMEs) working separately on individual system components.  These groups typically work in their specialized area separately and feed their results into the overall system design for evaluation.  This process is very time intensive due to its iterative nature and may or may not result in an optimal missile design.

The AMCOM tasked Auburn University to investigate the use of genetic algorithms (GA's) in the missile design process to learn the potential benefits of genetic algorithms in a missile design optimization process1. A missile synthesis tool containing a genetic algorithm was developed which links a genetic algorithm with a 6-DOF simulation, aerodynamics prediction code, mass properties and structures code, and solid rocket motor internal ballistics code.  The missile synthesis tool makes use of the speed and power of today's computers to fully investigate the missile design space.  The tool is provided with mission requirements, design goals and design constraints from the various SME and then tirelessly tries thousands of designs while learning which design features work and which ones do not.

Genetic algorithms define a portion of the much broader computer science field known as artificial intelligence (AI).  GA's are so called because they attempt to use the supposition of evolution as the basic mechanism of improvement for solving a problem.  Members of a population compete against each other where the most fit performer survives while the poor performers do not.  All genetic algorithm work, including what was done on this task, stems from the pioneering efforts of John Holland2  whose work set the foundation for population based adaptive optimizers.

A missile design involves many different variables both at a system and subsystem level.  The missile synthesis tool makes use of broad-level design variables set by the SME's.  The SME's also define the minimum, maximum, and resolution of the design variables which will be set by the genetic algorithm.  The missile synthesis tool begins by randomly choosing starting values for the design variables and encodes this variables into binary representations.  Once completed these binary variables are strung together into one string.  Each binary digit of the string represents a gene.  This string, consisting of the sequence of genes, makes up one member of the initial population. This process of randomly selecting values continues until all members of the initial population have been defined.


Members of this initial population are fed to the GA which makes use of an objective function to rate the performance of the members.  For the missile synthesis tool the objective function (also called fitness or cost function) is the 6-Degree-of-Freedom (6-DOF) simulation.  The higher performers of a population then have a higher probability of surviving to generate the next population.  Crossover (or mating) is the process by which populations are formed by mating two members of a population, sharing genes between the two.  Mutation is also allowed to occur which randomly flips a single gene (from 0 to 1 or vice versa) of a member.  Mutation helps preserve genetic diversity.  Over time, as populations build upon the successes of previous populations, the performance of the entire population improves as the genetic algorithm "learns" what values produce good results.  Populations continued to be created in this process until the design criteria are met or the maximum number of populations defined by the analyst have been reached.  The process flow is shown in Figure 2. 

Genetic algorithms benefit from being population based.  Rather than starting from a single "best guess" genetic algorithms begin by testing multiple randomly generated members from an entire population.  Genetic algorithms also benefit from not being based on 



gradients or derivatives in the objective 
function but is based strictly on probabilistic transition rules.

6.  AMCODE DATA ACCESS MANAGEMENT (ADAM) -  ADAM consists of five primary independently executing “open source” packages that have been integrated to provide a collaborative environment for Army missile design. These five packages, along with infrastructure software provide an extensible baseline from which additional requirements can be easily and quickly integrated to provide a wide array of capabilities and tools for the modern missile engineer.  Figure 3.

shows how information is published and subscribed into ADAM.

The Graphical User Interface (GUI) for ADAM is any browser capable of navigating the world-wide-web. The GUI resides on the engineer’s desktop computer and communicates with the ADAM web-server. The ADAM web-server provides the gateway to all of ADAM’s capabilities.

The web-server communicates with the ADAM Project Management System (APMS). The APMS provides a host of project management tools and provides the communications portal into the ADAM Mail Management System (AMMS), the ADAM Version Control System (AVCS), and the ADAM Object Relational Data Base Management System (AORDBMS).

The AMMS provides mail management services to registered users. This 

component notifies users when data they have registered an interest in changes. It also provides an important two-way communications link and access to forums and foundries the user has joined.

The AVCS provides Configuration Management services which allow automatic version control for files 
submitted by users as well as data elements.

The AORDBMS provides data management services. Data associated with specific models and simulations is saved. Meta data provides a history and other explanatory information associated with each file or data element recorded in the database.

In summary, ADAM provides a host of services that allow project managers access to data both quickly and accurately. Many of the manual operations and wait times have been mitigated through the use of this important collaborative tool.

7. DETAILED DESIGN AND PERFORMANCE –   Once a configuration has been selected from the population created by the concept exploration phase, the project engineer can now assign specific design requirements for subsystem components that are based on a configuration that was optimized to meet system requirements.  The design requirements are deposited under the project located in ADAM  and automatic email messages are generated to alert team members that design information pertaining to their area of expertise is available.  Each SME will log into ADAM to download design requirements and begin designing to this information and publishing their data and models back into the ADAM for the system engineer to use in developing the system simulation.  The system engineer will always be responsible for coordinating the system model development and responsible for determining when the level of fidelity reaches the point of maturity needed to conduct mission critical analysis or higher level simulation.

All the technical areas involved in the design, analysis and production of a missile are not specifically called out in this paper, but the architecture now exists that will allow any group in the development cycle to be included and make use of information as soon as it becomes available.  Areas such as Cost Analysis and Production, who tend to not have access to design information until after the R&D flight test are finished, can now have early input during the design phase.  

8.  SUMMARY -  The AMCODE enables the US Army Aviation and Missile Command to greatly improve the efficiency of the missile design and analysis process.  The three main areas of technology discussed herein provide an architecture that preserves the RDEC resource structure and at the same time organizes and preserves all information used in the design and analysis process.  The AMCODE as designed reduces the foot print involved in the design cycle by automating and optimizing the time consuming trade-off analysis necessary to arrive at a suitable starting point in the design process. Data and information is made readily available to all members of a design team.  The AMCODE takes a giant step in “breaking down the barriers to missile design”.
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Figure 1.  Areas of Technology
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Figure 2. Genetic Algorithm
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Figure 1.  AMCODE Spheres of Technology
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