ASAP Virtual Pilot Study (VPS)

Why are we doing this?

(1) To address the goals set forth by ONR and by ASAP investigators (see Appendices) we are developing an observational infrastructure (the “system”) that is robust, scalable, and sustainable.  The system is not the goal, but our research goals require a working system.

(2)  The purpose of the VPS is to test the system in its entirety.  The fundamental purpose of a pilot experiment (whether “real” or “virtual”) is to shake out the wrinkles in an experimental plan so that time and resources are used most efficiently during the actual field program.  

(3)  The VPS is “virtual” only in the sense that no observing hardware will be placed in the field.  Asset movement and profile data will be simulated.  All other aspects of the system will be utilized in the same manner as if we were engaged in a field operation. 

(4)  Specific research questions are secondary to refining the operation of the complete system.  Individual elements of the observing system can be conveniently tested in isolation before or after the VPS.  

What is real, what is virtual

	Real
	Virtual

	Control system
	Observing hardware

	Data flow
	Ocean (replay 2003?)

	Predictive models
	


Measures of success

(1)  All elements of the system operate smoothly together and with minimal human involvement.

(2)  An external observer should not be able to tell that this pilot study was “virtual.”  Although we are simulating both the ocean and the ocean observing hardware, all of the data and control interfaces (internal and external) should appear and behave exactly as they will during the field experiment.  

(3) The VPS should help us identify potential problem areas that need correction before Summer 2006 field work begins.  All groups should walk away from the VPS with a very clear idea of the work that remains to be done.

Appendix I:  FY04 MURI Topic #10

Coupled Observation, Adaptive Sampling, and Forecast in the Real Environment

Background:  Advances in computational power are enabling large regions of the ocean and atmosphere to be well resolved through the use of nested models based on the Navier-Stokes equations. Advances in mathematics (dynamical systems theory) have permitted definition of coherent structures on scales ranging from planetary to laboratory through the use of 4D (space and time) data fields. The use of data fields as a basis provides more accurate and realistic realizations of the operational space than from simulations based solely on a set of nonlinear partial differential equations.  Advances in satellite, line-of-sight radio, and underwater acoustic communications enable real-time data transmission that facilitates automated processing and visualization algorithms.  Instantaneous information dissemination via the internet promotes the formation of distributed networks. Mobile unmanned sensor platforms, such as autonomous aerial and underwater vehicles, have also advanced recently to the point where data fields in space and time can be obtained remotely to within prescribed error bounds. These major advances in the disciplines of mathematics, computational fluid dynamics, computer science, sensor platform engineering and control, and communications need to be synthesized into a focused, multidisciplinary system to create a powerful, new predictive capability for transport, dispersion, deposition and feature evolution in the atmosphere, ocean, and land. Such synergistic sensing and prediction will provide a framework for fusing signals and optimizing estimates of the operational environment.  The potential high-payoff to DOD are in areas of battlefield awareness, combating terrorism, chemical/biological defense, decision making in response and asset deployment and autonomous systems. 

Objective: The objective is to accurately predict constituent transport and dispersion in the atmospheric and oceanic environment and determine constituent deposition in the forecast space.  Time dependent, three dimensional computational models and time continuous three dimensional dynamical systems calculations will be initialized with data from real, distributed sensor webs in the ocean, atmosphere and on land.  Mutual cuing among a variety of autonomous vehicles operating as a network will enable effective sampling of plume distributions, current patterns, and features such as convective plumes, filaments, fronts and eddies. The skill of the predicted evolutions will be maximized through feedback and re-distribution of the input signals (autonomous samplers). Such feedback is possible through recent advances in network control and communication.  A central component is the design and execution of a definitive field experiment in an operationally relevant environment to test the limits of predictive techniques with their inherent mathematical and physical assumptions and numerical scale resolutions. The optimum field test would involve all elements of the battlespace (air, land, water) and would resolve the transport patterns as they are affected by the interplay of the physics in the real environment.

Research Concentration Areas: The limits to constituent transport, dispersion, and deposition predictability as they are related to sensor web adaptation and feedback will be investigated. Specific areas of interest include: (1) synergistic sensing involving advances in physics, mathematics, computer science, chemistry and engineering to provide estimates of evolving fields with minimum error through data assimilative predictive models; (2) control for adaptive and cooperative systems involving new methodologies for precision navigation, timing and coordination of dynamic groups of autonomous vehicles; (3) interoperable, adaptive, scalable networks based on scalable architectures, intelligent utilization of communication bandwidth (both radio frequency and acoustic) in noisy, latent, multipath environments, and distributed signal processing to optimize sensing aperture and minimize communication load; (4)  the quantitative mathematical and physical  connectivity between a dynamical systems theory analysis and the associated  Navier Stokes equations,  equation of state and the conservation of mass and scalar transport.  

Impact: High payoff contributions to DOD needs in battlefield awareness, mine countermeasures, and combating terrorism including methods for monitoring weapons of mass destruction and tools for chem/bio defense, decision making, adaptive command and control of groups of autonomous vehicles, and more capable networked, interoperable, mobile, dynamic systems. 

Research Topic Chief:  Dr. Thomas F. Swean Jr., ONR, 703-696-4025, sweant@onr.navy.mil
Appendix II: ASAP Program Objectives

Executive Summary 

The recent proliferation of unmanned air and undersea vehicles has spawned a research issue of pressing importance, namely: How does one deploy, direct and utilize these vehicles most efficiently to sample the ocean, assimilate the data into numerical models in real or near-real time, and predict  future conditions with minimal error? A corollary to this central issue would be: What constitutes the  minimal necessary and sufficient suite of vehicles required to constrain the models and provide accurate  ocean forecasts? Implementation of an appropriate sampling plan requires an assessment of the initial 

oceanographic situation, understanding the capabilities and limitations of individual vehicles, vehicle  coordination and control, and numerical models equipped to assimilate and utilize data which were  irregularly sampled in space and time. 

The Adaptive Sampling and Prediction (ASAP) program proposed here will directly address the  questions above with a focused research effort in and around the Monterey Bay, California. A combination of gliders, propeller-driven AUVs, research aircraft, and ships will be used to adaptively sample three-dimensional upwelling and relaxation processes off Point Ano Nuevo at the north entrance to  the bay. Quantitative metrics have been defined to guide the adaptive sampling scheme, including a  coverage metric for minimizing synoptic error, a dynamic variability metric for maximizing sampling 

of important physical phenomena, and an uncertainty metric. A modular approach allows metric optimization via cueing on several different measures of ocean variability: a) synoptic observational error  minimization using coordinated control; b) feature tracking; c) maximizing the skill of the Error Subspace Statistical Estimation (ESSE) forecast from the Harvard Ocean Model; d) optimal assessment  of the ocean acoustic propagation environment; and e) efficient glider navigation using Lagrangian  Coherent Structures (LCS).  The unifying scientific goal of the ASAP experiment will be to construct a volume and heat budget  for the three-dimensional upwelling center off Point A ̃no Nuevo, CA during upwelling, relaxation, and  transition events. The centerpiece of the initial three-year effort will be a month-long field program in the Monterey Bay during June 2006, a month when several events and transitions can be captured.  A second major experiment is planned in the Monterey Bay during June 2008. The program will 

be executed by a multi-disciplinary team consisting of physical oceanographers, marine acousticians,  control systems engineers, and numerical modelers. The operational principals thus derived are portable  and relevant to a wide variety of space and time scales. The expected project outcome is superior sampling strategies for AUVs of all types, improved data assimilation, and improved model forecast  skill, resulting in the most efficient use of these vehicles in operational scenarios. DoD sectors to reap 

these benefits include mine intervention warfare, expeditionary warfare, undersea warfare, and marine survey. 

