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Scenario Specification 

1. Introduction

1.1 Purpose

The purpose of this document is to describe the scenarios that the Sensor Web Application Prototype (SWAP) system will demonstrate.  This document will be used as an informal test procedure and demonstration script for the project.  The scenarios in this document are not use cases in the strict sense of the word, but a use case template was used for the sections describing the scenario.

1.2 References

[1]
Sensor Web Application Prototype Project Management Plan, SWAP-001.

1.3 System Overview

SWAP is an engineering prototype that will investigate technologies and architectures associated with establishing sensor webs.  For more information on the overall project, refer to [1].  The Instrument Remote Control (IRC) software by Code 588 will be used as the primary software piece within the sensor web. The OMNI project will be providing small processors (PC/104s) connected to each other by wireless IP communications.  The processors will be connected to the sensors through serial connections.  Figure 1 shows the high-level architecture of the system.  This picture will be useful to refer to during the scenario descriptions.  In addition to the sensors and simulator provided in this figure, a GUI will be used to monitor the state of the entire sensor web.  Including the GUI in this picture would have made the connections too cluttered to be useful.
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Figure 1: High-level Architecture

Figure 1 depicts a future layout of rain gauges and weather stations around Beaver Dam Rd at the Beltsville Agricultural Research Center.  In the spring when this prototype would potentially be deployed, the rain gauges and weather stations would be strategically positioned to take advantage of the typical weather patterns for that time of year in that location.  In the spring, the wind would move from the westerly directions (NW, W, SW) across the region.  Keeping this in mind, when storms appeared, the rain gauges positioned furthest west would first detect the rain and be able to alert the other sensors in the system of this fact.  The rain gauges positioned in the middle could use the rain rate information as well as the wind speed and direction from the weather stations to predict the direction of the storm and likely appearance in their area.  Finally, the “primary” rain gauge could use the information from all the sensors to make its own predictions.  This rain gauge was called the primary because it is located near the creek at Beaver Dam Road that typically floods during heavy rains in that area.

2. Adding a New Sensor Scenario 

2.1 Brief Description

A key aspect of a sensor web is that it is dynamic in nature and sensors can come and go from the web easily without manual intervention (or as little manual intervention as possible).  Once a sensor device is configured, it can be started and the peers within the system recognize its existence and include it in the sensor web.  There are security features that can be put into place to prevent bogus or inappropriate sensors from joining the web, but this is out of scope for this prototype.  These features can be added at a later date without affecting the overall architecture. 

2.2 Pre-conditions

2.2.1 System is configured

The sensors need to be configured such that they join the same group.  There are ways to implement the system such that this is not the case, but this is a simplifying assumption for the purposes of this prototype.

2.2.2 Positions Obtainable

When the sensors come up, they have to find out the physical locations of the other sensors, so it is assumed that there is a way to do this.  An alternative is to have each sensor report their position with each message, but this seems like a needless overhead.

2.3 Post-conditions

2.3.1 System operating under normal conditions.

2.4 Flow of Events

2.4.1 Basic Flow 

1. System administrator defines the configuration of a new Rain Gauge.  Assume that using Figure 1, RG2, RG3, RG4, RG5, WS1, and WS2 are up, we will be configuring RG1.

2. The system administrator starts the RG1 device with the configuration he/she just created.  The new sensor will announce itself to the group and each of the existing sensors in the web will decide whether to communicate with the new sensor.  For example, in our simplistic scenario here, the weather stations do not use any of the data coming from the rain gauges, so they do not need to bind to the rain gauges for data. RG2-5 will connect to the new sensor and request the sensor’s position. The monitor GUI is just another node on the sensor web.  It will detect the new sensor as well and display RG1’s availability to the user.

3. The operator will then set up the status windows for the RG1 in order to visualize RG1’s output.

3. Meteorological Event Detection Scenario 

3.1 Brief Description

This use case describes how the sensors in the sensor web interact with each other in order to detect an event such as a flood.  This is the main focus of the sensor web prototype.  An external actor such as a watering can will initiate the scenario by raining on one or more sensors.  In addition wind will be simulated to the weather stations.  The sensors will report the data to each other and make decisions based on the information they receive.  This scenario takes place in a conference room where all the sensors are in the room, but they are simulated to be located at the Agricultural Center.

3.2 Pre-conditions

3.2.1 System is up

The sensors are all up and the IRC devices associated with them are started.  A separate scenario describes how a sensor is added to the system.  It is assumed that all of the sensors shown in Figure 1 have been added per that scenario or other means.

3.2.2 Positions Initialized

The sensors will obtain their position (latitude and longitude) from the environment somehow, either a configuration file or property file.  They will use this position to report it when asked.

3.3 Post-conditions

3.3.1 System operating under normal conditions.

3.4 Flow of Events

3.4.1 Basic Flow 

4. Actor 1 pours or sprays rain into Rain Gauge 1 (RG1) and Rain Gauge 2 (RG2).  The monitor GUI starts to show rain rate coming from RG1 and RG2.

5. A fan(s) blows at the weather stations (WS1 and WS2) to simulate the wind speed and direction.  The monitor GUI shows the wind speed and direction of WS1 and WS2.

6. Actor 2 pours or sprays rain into Rain Gauge 3 and Rain Gauge 4.  The monitor GUI shows the rain rate measured by RG3 and RG4.  In addition to the rain rate, RG3 and RG4 also report predicted rain rates XX hours from the current time based on the rain rates from RG1 and RG2, the wind speed from WS1 and WS2, and the locations of each of the sensors.  At this point, RG5 is receiving all this data and also predicting rain at its location, but there is no actual rain occuring there.

NOTE:  After the discussions with the scientists in 912, we may need to include simulated atmospheric wind direction and speed from the simulated radar system in order to accurately predict the storm movement.  Should we continue to do this at the rain gauge level?  We also still have issues with the algorithm for correcting the rain rate using the surface wind speed.
7. Actor 1 increases the rainfall at RG1 and RG2.  The predicted rain rate for RG3 and RG4 will increase due to the increasing rain at RG1 and RG2.  The increased rain rates and predicted rain rates will be visible in the monitor GUI.

8. The fan(s) is turned up causing increased wind at WS1 and WS2. This will increase the current rain rate at RG3 and RG4 as well as the predicted rain rate since the algorithm measuring the rain assumes that if the wind exceeds XX, the rain gauge is not collecting as much rain as is really falling.  The monitor GUI will again see changes in the rain rates at RG3 and RG4 as well as the predicted rain rates at RG5.

9. Actor 2 increases the rain rate at RG3 and RG4, which again increases the predicted rain rate at RG5.  This triggers RG5 to send a command to the Radar System Simulator to go into sector scan mode over the Beaver Dam area at a specified time frame based on the rain predictions.  A GUI or text screen will be available at the Radar System Simulator to show that it received a command from RG5.

