Physical Modeling and Software Synthesis for Abstract
SEIf'RECO nﬁgu d ble SenSO 'S in Ri\ler En\Ii ronments Our work in this collaborative research project examines the role of software synthesis for

monitoring and planning of autonomous sensors evolving on tidally forced rivers. The goal of the
Sonia Martinez, Yu Ru, UC San Diego sensors is the coordinated sampling of currents and salinity to reconstruct the distributed state of the

. . river. This project integrates the development of theory for the coordination of autonomous agents
Alexandre Bayen’ Andrew kaa’ Kevin Weekly, uc Berkeley in motion-constrained environments, and of algorithms to perform motion planning tasks, with

Jonathan Sprlnkle, Kun Zhang, Maribel Hudson, Unlver5|ty of Arizona software tools for design, analysis, and code synthesis for implementation.
San Joaquin River Delta Kalman Filter for Localizing Mobile Agents Closing the loop
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We designed a Kalman filterbased  wwost o, | s Solutions to problems such as this require an approach that considers

algorithm to localize mobile agentsina = ¥+&v-av< ] ) ] o ]

horizontal flow field based on . i _ reliable sensing, fast computation and safety verification. Our

measurements from a mobile-phone i : . . . . .

with a GPS receiver, gyroscope and | o= Lo, Kime G | ny' J approach utilizes Kalman filter based localization algorithms to

two accelerometers. This algorithm has <o) o | Equtons ok b | W il | - . . . e .

been demonstrated on an iPhone 4, L | facilitate calculating Voronoi partitions and autonomously deploying

d provid te positional 1 |5 % : Coe : . :

information than only 2 GPS or cellular " 94 i) isonine (i) Azt drifters (to detect salinity intrusion). Safety verification blocks can be

network e me— inserted to controller models to ensure parameters for the controller
are within the safety range. In addition, low-level event based control
has been studied to ensure the safety of drifters.

- Low-level Event Based Safety Control

The minimum time-to-reach (MTTR) function fo
- a vehicle moving in a field to reach a target set " ||

can be found with the static HIB PDE:
—1=VV(2) g(z) - U||VV(z)||

Region Assignment Based on Voronoi Partitiorm

BC: V(z) =0 where z € T

> MTTR functions are computed with HJB Voronoi Parititions Zermelo Voronoi Parititions Energy-based Parititions

shoreline and centerline targets

> Gradient of MTTR gives optimal control »Points in a Voronoi Regions are given by the » Forward simulation of multiple optimal » Mobile vehicles are commonly powered

> Hysteresis control determines when to drift agent whose MTTR at that point is the trajectories in a linear flow field by batteries of limited capacity

passively and when to seek centerline smallest » Energy-based Voronoi partitions are

»Method works in arbitrary flow fields and » Intersections of growing regions define useful in task assignments and distributed
obstacle environments Voronoi boundaries coverage controls
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High-level Minimum Energy Control
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We approximate the river flow using a . COntrO| Ier |V|Od€| Safety Verlﬁcathn
Due to a reduction in the supply of freshwater in estuaries (e.g., due to a drought or ql{a.d ratic function and study the " - -3 e e T e e e e
the diversion of freshwater for agricultural and/or municipal uses), saltwater can minimum energy path from one point serformed through model transformation, which
intrude deeply into river channels. We study the salinity intrusion problem and to another. in the ﬂov§/ SIVIIONTC AT E s T @ Ereesee cenire e 2 ou’éputs .
identify a point on the freshwater-saltwater boundary that reflects the degree of Naturall}/ rlve.r boundanes., SEE £ BIEIE i : :
C . . . constraints in the optimal control & transformed model with safety blocks inserted.
salinity intrusion via autonomous drifter deployments. . L ) : . -~
problem which can be solved by \ Within the transformation a search is done for .
adjoining additional multiplier | | ' specific parameters (e.g. velocity and turning . |} e
. functions. radius) and checks are made to ensure those L e -~
Experimental Hardware . values are within'a safety range: If checks il
P rOJ eCt O Ut reacC h safety blocks are added to adjust the controller,
We have developed a fleet of Design | Sensors and can achieve similar results with safer execution. This cycle repeats until all of the model is searched,
self-contained floating sensors. T _ . . . and the output is a control model with added blocks, or the original model if the safety check passed.
They carry a GPS receiver, GSM and e Q.Sponsore.d two capstone engineering projects at Univ. of
Zigbee modules, and an embedded Ar;]zonla, whlcf;suppgrted 12 undlergrjduate studT.nts .for a ]
computer running Linux. Different T el el U {piesas: V\(ere (el it A el lpllEtleln: M ore Rea d | ng
water quality sensors can be R T such as smart energy solutions for a home, and energy-
G _ Y = I— efficient transportation. 1. Yu Ru and Sonia Martinez. “Freshwater-Saltwater Boundary Detection Using Mobile Sensors Part I: Drifter
mounted |'n the lower plate: r,,%_ﬁ%;@ @ To raise interests in Science, Engineering and Deployment”, to appear in Proc. of IEEE Conf. on Decision and Control, 2011
examples include depth sensors, 1 [ | (oot | Mathematics, Ph.D. student Maribel Hudson visited Gridley 2. Yu Ru and Sonia Martinez. “Freshwater-Saltwater Boundary Detection Using Mobile Sensors Part Il: Drifter
salinity sensors, or pH sensors. [iansmar} . ’ Movement”, to appear in Proc. of IEEE Conf. on Decision and Control, 2011
i , Ml.ddle SChOP' and Sturggon Cromer Elementary School at 3. Kevin Weekly, Leah Anderson, Andrew Tinka, and Alexandre M. Bayen. “Autonomous River Navigations
Arizona to give presentations and short lectures on using the Hamilton-Jacobi Framework for Underactuated Vehicles®, in Proc. of IEEE Conf. on Robotics and
electrical and computer engineering. She also participated Automation, pp. 828-833, May 2011
=1 JCS1D) | Mechanical and A THE UNIVERSITY in one demonstration at a weekend K-12 event called Laser 4. Maribel Hudson and Jonathan Sprinkle. "Simplification of Semantically-Rich Model Transformations Through
1IaC0DS Aerospace Engineering €r e ey . OF ARIZONA® Fun Day supported by Univ. of Arizona. Generated Transformation Blocks®, in Proc. of 8th IEEE Workshop on Model-Based Development for
UNIVERSITY OF CALIFORNIA Computer-Based Systems, pp. 260-268, April 2011




