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Abstract – This paper describes MBARI’s Seafloor Mapping AUV and recent data.

INTRODUCTION

The Monterey Bay Aquarium Research Institute (MBARI) has developed an autonomous seafloor mapping vehicle for deep-ocean science applications. Based on the Dorado, the MBARI Mapping AUV is equipped with four mapping sonars and the necessary support equipment to create high-resolution maps with precision geo-location. The system has been in development for several years and in test for most of 2004. Engineering efforts are concluding in early 2005 with a series of science dives taking place in 2005. 

The primary sensor is a 200 kHz multibeam sonar producing swath bathymetry based on the new Reson 7100 series with a custom-fit receive array. The vehicle also carries 100 kHz and 410 kHz chirp sidescan sonars, and a 2-16 kHz sweep chirp subbottom profiler. Navigation and attitude data are obtained from an inertial navigation system (INS) incorporating a ring laser gyro and a 300 kHz Doppler velocity log (DVL) integrated and calibrated as a stand alone package. The vehicle will also include an acoustic modem, ultra-short baseline navigation, and long-baseline navigation capabilities. 

A central cylindrical pressure housing contains all of the mapping sonar electronics. The main vehicle control and acoustic communications electronics are housed in a separate pressure housing in the vehicle tail section. The assembled package is rated to 6000 m depth, which will allow MBARI to conduct high resolution mapping of the deep-ocean seafloor. The mapping payload is also designed for ROV mounting, enabling low altitude (< 20 m) high precision missions in topographically challenging sites. 

The MBARI Seafloor Mapping project is now operational and supplying science results to in-house scientists. This paper will briefly review the engineering details of the system and directly relate the design details to the resulting maps during the first year of operation.  (kiwi) 
Motivation / Drivers    (kiwi / caress) 


Science mapping specifications

STATE OF THE ART

Comparions of Hugin, ABE, etc. in terms of mapping output (not a vehicle comparison)    (caress)

TECHNOLOGY

Vehicle structure – very quick (ref other papers) (kiwi / mcgill) 
· Modes of operation (mcgill)
Navigation and Geo location capabilities (Hans)

· Software architecture (Henthorn)
· Brk dwn / interfaces

· Data Logging

· Timing of systems

The hardware and software making-up the main vehicle computer (MVC) of the Mapping AUV is derived from previous Dorado vehicles.  An object-oriented framework, running with the QNX operating system on a PC-104 stack, provides the foundation for all the vehicle software, including guidance and control functions, data logging, and interfaces to any payload devices.  The framework provides a useful layer of functionality that can be included in user-defined classes and used to quickly create desired control sequences and communication paths.
Each logical function in the system, navigation for example, is abstracted as a sub-class of the Task class from the framework. Objects of type Task operate independently and at a user-defined frequency that is appropriate for the function.  After initialization, the framework controls the operation of each Task by invoking object methods at the specified frequency. On Mapping AUV, a Task object is created for navigation, mission control, and all device drivers controlling payload hardware.

Figure:  Sub-classing Task and DataLogWriter in Software Framework

 Data logging is an important function on  the Mapping AUV that is also handled by the software framework. Normally, a log file is produced for each Task that runs in a mission to record science and engineering data, and control settings. To enable data logging, a DataLogWriter object is associated with a Task object to write user-defined data records to a log file.  What, when, and how often records are logged is determined by the user when the run-time code for the Task object is written.
System tasks often require actions and information from other system tasks to perform their functions. The software framework relies upon the CORBA (Common Object Request Broker Architecture) distributed object model to control abstracted interaction between software tasks running in the system.  A interface description language is used to specify interfaces between Tasks, then proxies are written to implement those interfaces.  The CORBA layer maps requests from calling tasks to the interface proxies, which then communicate directly to Tasks to carry-out the request.  The abstracted interactions de-couple software units, providing more flexible arrangements between Tasks in the system.
Figure:  Using CORBA to de-couple run-time software units
       Straight and level flight   (McEwen)

During straight and level flight the vehicle makes small motions in orientation angles as well as rudder and elevator angles.  Consequently the dynamic behavior may be approximated by separate linear models for sway/yaw and heave/pitch.  The heave/pitch dynamics and control have proved to be the most challenging and thus are discussed here.

The depth control algorithm consists of two Proportional-Integral-Derivative (PID) loops, one nested within the other.  The inner loop moves the elevator to achieve a desired vehicle pitch angle.  The elevator angle is computed from the vehicle pitch angular error and angular rate.  The outer loop computes a desired vehicle pitch angle based on the error between commanded and measured depth.  Figure 1 shows this structure.

Figure 1:  AUV Pitch and Depth Control Algorithm

The depth control performance was improved recently by the addition of a depth rate term and gain redesign.  The depth rate is easily extracted from the Kearfott INS/DVL navigation system, and was not previously available directly.  Also, the pitch integrator has been removed from the depth control loop. Figure 2 shows the depth control step response of the original system. Figure 2a shows the same step response after the redesign.

Figure 2: AUV Depth Step Response with Original Control

Figure 2a Caption: AUV Depth Step Response After Control Redesign

Figure 3 shows a root locus of the original depth control, generated by varying gain at the elevator command, denoted delta_E in Figure 1.  Figure 4 shows the same locus with the new control gains and rate term.  The complex zero pair (blue squares) near Z=1 in Figure 3 have moved deeper into the unit circle in Figure 4, drawing the dominant pole pair with them.  Damping has increased from zeta = 0.29 to 0.59, and the closed loop bandwidth has increased by a factor of four.

Figure 3 Caption: Root Locus of the Original Depth Controller

Figure 4 Caption: Root Locus of the New Depth Controller

       Sonars  (Hans) 
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MB System overview – ref other papers (caress) 

· how it works 

PERFORMANCE / RESULTS

Sub bottom profiler     (caress) 
Side Scan
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· contrast to past systems

Science Mission results

· Repeat surveys

Conclusions and Future work

(kiwi / McEwen  will pull together an overview for all to edit) 
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