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Abstract. This paper is aimed to summarize some implementation processes and main features of Scorpius simulated virtual agents, including detailed specifications and algorithms. This is the third year that Scorpius team is participating in Robocup simulation competitions, but it is our first1 experiment in Virtual Robot Simulation League. For this competition we tried to implement a simple team, where our researches are mostly focused on exploration, mapping, removing noise effects from the map, victim localization and applying different kinds of robots for these purposes.
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1 Introduction Every year in all around the world, thousands of people die or get injured under collapsed buildings or other unreachable areas because of explosion, earthquake, flood and other natural or unnatural disasters. Delay in Rescue operations due to dangerous situations, vast locations, massive casualties, etc. leads us to employ high technologies to aid rescue group. Designing, implementing and using rescue robots not only makes explorations much more accurate by seeking for vital signs of victims, but also brings much more safety to rescue teams. The first Robocup Rescue project was initialized after the Great Hanshi-Awaji earthquake which hit Kobe City (Japan) on the 17th of January 1995 and caused more than 6500 casualties. Since 2002, RoboCup Rescue Competitions are held as part of the annual RoboCup World Championships. It is the purpose of RoboCup Rescue, to promote research and development in this socially significant domain in order to 1
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ultimately acquire solutions that can be used by USAR (Urban Search and Rescue) teams under real emergency circumstances. Current Scorpius virtual robot team uses P2DX and Talon robots equipped by SONARs, SickLMS, Odometry, INS, RFID, Victim Sensors, etc. for their explorations, mapping and victim detections. Now we are working on new Air Robot for mapping, planning and even victim detection by image processing. In this paper at first, the way our robots and server communicate and its basic architecture is denoted, then SLAM (simultaneous localization and mapping) and the main approaches which are applied to design map from the unknown environment, next section discusses victim detection, where section 5 and 6 talk about Applicability to real robots and reusability and finally chapter 7 concludes the paper and describes future works.



2 Communication In virtual robots just like other simulation environments there are two main parts; the agent and the server. The Agent represents one or more robots with sensors and actuators which get sense from and affect the virtual environment which simulator (server). Fig.1 describes the way server and robots communicate with each other.



A



B



Fig. 1. The architecture of server side (A) and client side (B) of connection



This decentralized setup allows us to spread the computations across many machines and still run a relatively large team of agents. Only one server instance is required, which will record the pre-processed mapping information from the agents. Robots employ wireless communication in order to share some information about the region they are exploring. Although this communication is limited by distance, but sometimes it helps robots to minimize overlapping in explored areas and improves coordination in multi-agent fields.
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3 Localization, Mapping, and Exploration Intelligent robot needs to use SLAM techniques to explore and rescue in real or virtual environments. The first question is Where am I? answer to this question solves localization and the other question is How is my environment? which suggests mapping. So SLAM is a technique that is employed by robots to design a map and create a world model from the unknown environment. SLAM implementation includes several steps. The data which robot receives from its sensors are fully noisy and it defects the performance considerably. So first of all we should make the data smooth and eliminate noise from it. We proposed Kalman filter as a good solution for it [1, 2, 3, 14]. On the other hand decomposition of the map in to several sub-maps is another approach; this method called occupancy grid, finds landmarks in the main map and then creates grids on it.
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In (1) and (2) the map has updated due to the linear motion; At is to store the current motion commands. Yactuator is to denoted the associated uncertainly . Zt : Current looking Kt : gather the estimate distance
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In (3,4,5) Xt , Yt is the result that get from Kalman filter and Xt-1 , Yt-1 is the input data for Kalman filter. Occupancy Grids has some benefits; The most important one is that grid-based representations of a robot s physical environment can be used directly by most navigation, obstacle-avoidance and learning algorithms. Another key benefit of occupancy grids is that the resolution can be tuned to represent the environment s geometric properties at any desired amount of detail. In theory, this is bounded above only by the level of detail originally captured by the sensors. This property of occupancy grids makes them the ideal metric representation for maps that should
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contain a high amount of detail, a feature that most other map representations lack [11, 12]. To accomplish occupancy grids, there are sensors in the robot that use a simple technique with ray-casting .This beam has been sent directly from the robot to obstacle to determine distance between robot and obstacle. For example, if an obstacle is detected at some relative distance, then rays can be cast from the cell at the current position of the robot towards every cell that coincides with the detected obstacle. For all the cells which intersect with the cast rays before the rays hit on the obstacle, the miss counter is incremented. Likewise, for the cells that intersect with the detected obstacle the hits counter is incremented [13]. Afterwards, the occupancy of every grid cell can be determined by threshold of the ratio of the number of hits over the sum of hits and misses together (6).
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After occupancy grids, another approach for localization will be employed, which is based on Topologically Organized Map. In this step a special graph will be created from the path of robot, In addition knowing that the obstacle is detected, a diagram will be created from the map to divide it in to the sub-maps. These sub-maps have no overlap with each other and each one describes a safe area for robot to move in that region [6, 8]. The first advantage of using topologically map is its outstanding support for path planning algorithms. Autonomous robots need to go from a place to another in order to complete their designated tasks. Considering the task of exploration which all robots need to perform, it is conceivable that in some points the robot reaches a deadend. In this situation before it can continue to search another area, the robot has to get out of that location first. Topological maps facilitate these kinds of tasks very well. The nodes and links in graphs and diagrams tell any path planning algorithm precisely how to go through the explored areas safely. The second advantage is their compactness. They are capable of representing huge environments in a very compact way. While the size of occupancy grids and featurebased maps grow exponentially with the size of the environment or the number of detected features, topological maps typically only grow linearly in size as nodes and links are added to denote recently explored areas.



Fig. 2. Applying four steps for localization and mapping [13]
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So as Fig.2 shows, we can summarize the steps of mapping and localization; Applying Kalman filter on feature based map. Making a grid cells from the map. Implement topological map to determine obstacles and safe paths. Decompose the main map and start mapping from unknown environment and design a new map. So, each robot performs exploration, mapping and localization with the algorithm described above and creates its own sub-map. Finally, all of the maps which are separately designed merge with each other to achieve the main map (7). Main Map = Merge (Sub-map1 , Sub-map2 ,



.. , Sub-mapn )



(7)



Using topological map we have required information for planning, there are some methodologies proposed for planning regarding; A* algorithm [15] and other AI approaches, heuristics, classic algorithms based on graphs i.e. Shortest Path Algorithms (e.g. Dijkstra, Floyd), Graph Traverse Algorithms (e.g. BFS, DFS, etc.) In our limited time we found our heuristic algorithm much more efficient both in functionality and amount of processes.



4 Victim detection One of the important sections in scoring every team is finding victims, so we employed different types of sensors for victim detection (i.e. Sound, Touch, Human motion and Victim-and-False-positive sensors). Our algorithm is implemented considering this probability that using only victim-and-false-position sensor or touch sensor may lead to false detection or latency in finding victims. Every victim may have motion or make sound, so it is possible for Human motion or sound sensor to help us finding victims. One of the benefits of using sound sensor in virtual environment is that, there is only one source for sound generation which is victims [13], so it can help each robot to detect victims with more accuracy .



5 Applicability to Real robots In real world we are facing some problems which are usually ignored or not seriously considered in simulation, regarding: rather low or limited power of processing, fully noisy fields, limitation in employing different types of sensors, costs, etc. We tried to minimize CPU consumption by optimizing our SLAM algorithm besides using well implemented Kalman filter which helps us reduce effects of noise and decreasing number of employed sensors and cameras with not losing considerable accuracy but saving power and process.Utilizing different kinds of robots also helps us to find out
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which robot can perform better in different situations and this can improve efficiency in real world with much less costs.



6 Reusability We developed our project on C# and created so many components in each layer of team structure, these components can easily be utilized in other projects and also can be modified whenever it s required, without need to change any other parts. This component based-layer architecture increases reusability of our code. We also tried to have reusable robot configurations, where changing the configuration of robot for each map may harm the performance or lead to logical bugs like making mistakes in measurements, etc.



7 Conclusion and Future works In this paper we demonstrated an overview of the Scorpius virtual simulation agent design. Most of the efforts were focused on mapping, noise elimination and localization in rescue simulation Virtual environment. First, communication and some basics were introduced then some applicable approaches and useful algorithms to discover the unknown world around were covered. However, Scorpius agent still has a long way ahead to approach the desired behavior. We hope to implement fully autonomous agents with distributed decision making system which can give a proper map in less time and more accuracy by developing our SLAM algorithm and employing heterogeneous robots and more reliable victim detection skills.
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