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ABSTRACT



1. INTRODUCTION In preparing for the 21st century, humans will rely greatly upon the aid which autonomous robot will be able to provide. According to United Nations and The International Federation of Robotics UNIFR, the use of robots will increase from 86,200 to 106,300 operational units, from 2004 to 2007, a 19% increase in the matter of just three years [3]. Despite the increasing use of scouting robots, there is still need for an effective way to map terrain and provide a more effective autonomy for scouting robots. Our proposal is to improve the autonomous mapping and avoidance system by using an efficient ultrasonic sensor with the ability to detect objects at various distances. The Terrain Mapping Scouting Autonomous Robot must also have an effective avoidance system as it does not possess the capability to destroy obstructions itself.



The Terrain Mapping Scouting Autonomous Robot (TMSAR) is a solution to create a contour map of the terrain without putting a human life in danger. TMSAR’s objective is not to be confused with that of navigational robots (robots that direct your path such as GPS navigation for automobiles), its objective is to be placed into a hazardous area where it will collect terrain information for the path the robot has taken. It will simply display objects that it has found along its chosen path and relay them back to the receiver where a human can make his own evaluation of the terrain. For example, in a nuclear power plant setting where a meltdown has occurred, information of the various hallways too dangerous for human life will be mapped for strategic planning. It will also provide real-time information on any obstruction that may be presently in its path, which cannot be gathered from any conventional map of the current building, such as file cabinets or collapsed roofs. TMSAR is also not affected by poor lighting conditions as its mapping relies solely on ultrasonic readings of the area around it. A robot can be vastly more useful than a human in this scenario as it is possible to further enhance the TMSAR by placing accessories such as a Geiger counter, temperature sensors and mounted cameras to allow real time monitoring of the area. Using ultrasonic sensors attached in an arc formation along the upper portion of a slow moving robot, the robot will be able to sketch, to a rudimentary degree, a contour map of the space around the robot. The sensor will be able measure the distance of any object located within its cone of reflection and relay the information back to the user via wireless RF signal. Not only will the robot be able to map the area around it but it may provide a safe path for other robots to follow, thus reducing both the cost of additional sensors and amount of computational analysis required. The robot is autonomous, avoiding objects that may be in its path and correcting itself to a safe path. The raw information gathered by the sensors is then processed and sent to a remote computer or laptop where the user can safely analyze the input. The user then runs a local program where the data of the robot is analyzed. The program displays a contour map of the data the Terrain Mapping Scouting Autonomous Robot acquired through its ultrasonic sensors. This information can then be used for a variety of applications from search and rescue missions to geological terrain mapping.



The scouting robots of today consist of a camera mounted robot which usually streams video back to the user to be controlled remotely. TMSAR can also be used in today’s environment of smart, small, and quick armed forces that must be supplied with useful vital information and not be “slowed” down by the limited remote control system and unprocessed information of modern scouting robots. Military specialists believe that modern warfare will be fought with advanced autonomous robots such as TMSAR [4]. Not only is TMSAR efficient, but it is also cheap and expendable, something that is always is welcomed in today’s military. Following the tragedy of September 11, 2001, scouting robots created by University of South Florida were deployed immediately into the rubble of the World Trade Towers [2]. These robots were used to reach the inner twisted tunnels deep inside the rubble, where humans could not possibly reach in time to save lives. These robots were used to locate mainly human beings in as fast a time as possible. The robots utilized mounted cameras to facilitate the controllers of the robots to guide it through the tunnels. These robots seemed to be effective at their respective jobs, but in the future we may be able to not only give these robots autonomy, so that they can search the tunnels deeper and longer, but also provide the ability to create 3-Dimensional maps of the area it is working in using its onboard sensors. These maps could provide better information than mounted cameras so that rescue crews can better assess the tunnels and determine the best decision that can be made.
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The second ultrasonic sensor is mounted on top of the robot where it is used to scan the area around the robot. A Servo controller is used to shift the position of the boom holding the ultrasonic sensor that scans the area around it. The servo is able to rotate 360 degrees to capture all objects in the near vicinity of the robot. TMSAR’s motor controller allows us to specify the distance we would like to go and TMSAR is programmed to move in bursts of 30 cm. After every 30 cm bursts TMSAR will take a reading of its environment. The Compass Sensor provides us with the orientation of the robot, allowing us to calculate the direction the robot is facing or heading, this information is vital to us if we desire to construct a map out of the information. All of these sensors are handled by the robot’s microcontroller; which will do the calculations, decisions, and commands to direct the robots movement. Once information is gathered from its given location that data is transmitted by the onboard Transmitter. The Transmitter will send information that is going to be received by the remote receiver. The Receiver is located remotely on a bread board with a second microcontroller. The microcontroller will receive the information and relay it to terminal waiting by a Personal Computer (PC). The information being sent through the terminal will then be processed by a Matlab algorithm providing X, Y, Z coordinates and constructing a contour map with the information processed.



Many of today’s scouting robots are simple autonomous robots that work within a network with each other and usually provide a video stream via RF (Radio Frequency). The University of Minnesota, for example, has developed a small army scouting robot that can operate within a network and move around a small area with a tiny camera mounted on the robot [1]. The robot provides a visual stream of the area which the user or controller can view through a monitor. Scouting robots have been mostly sponsored by the U.S. Army, U.S. Air force, and NSF (National Science Foundation) showing that the most interest in these specific types of autonomous robots are situated within warfare as well as exploration. However, currently, they all lack the ability to accurately map a 3-Dimensional world which may become very useful in certain events such as search and rescue missions, combat missions, or even geological mapping of extraterrestrial plants. Scouting robots are usually considered mechanical devices with the capability of movement, simple logic reasoning, and gathering of useful information, such as terrain mappings. These types of robots are also capable of avoiding objects and based on its sensor information decide upon how it will go about avoiding the obstruction. These robots usually carry with them three essential parts: Tools/Sensors: the actual apparatus to test or interact with its environment Power supply: since autonomous robots need to be self dependant that also means they usually carry their own power supply in order to extend to its maximum distance range. Processing Unit: considered the robot’s brain, the processing unit collects data from its sensors and the processes them to make logical decisions. Scouting robots have increasingly shown their ability to assist humans in hazardous situations, which need to be assessed before action can be taken, such as toxic waste cleaning or the search for people in non-reachable locations such as the wreckage of the World Trade Center. Today we can see scouting robots performing explorations on Mars providing information so that one day human exploration will follow. Scouting robots have the ability to explore for long periods at a time and gather valuable information, for as long as power is available to robot, which will always make it a valuable commodity for the needs of the 21st century.



Figure 1. Block Diagram of TMSAR System



2.2 Object Detection Ultrasonic Tower



2. ROBOT DESIGN AND CONSTRUCTION



One of the major milestone designs for TMSAR was designing the tower which is responsible for turning the ultrasonic sensor on top of the robot so that it is able to scan the area around the robot. The tower is constructed out of plastic parts for a sturdy, strong, yet light design. The design incorporates a spinning boom which will be connected to a servo on the base. The servo is responsible for turning the boom 360 degrees so that the ultrasonic sensor on the top platform has covered the terrain in the near by vicinity of the robot. Fig. 2 shows a detailed picture Ultrasonic Tower:



The following subsections outline the basic methods and techniques used in creating a terrain mapping autonomous robot system.



2.1 TMSAR System TMSAR has a complicated array of sensors all gathering information throughout the robot, as depicted in Fig.1. The robot uses two ultrasonic sensors to locate objects in the near vicinity. One of the ultrasonic sensors is used to detect objects that may obstruct the robot from continuing in the given direction, the robot will search for an alternative route and seek a clear path. -22006 Florida Conference on Recent Advances in Robotics, FCRAR 2006
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2.3 Terrain Mapping Currently autonomous robots rely on lasers to determine the path to take and nearby obstructions [5]. Laser sensors have inherited problems when facing obstructions such as black coloring where the color will be absorbed. TMSAR has implemented a simple but effective algorithm using ultrasonic sensors. It pings obstructions and measures the “echo” from the object, then it takes a compass measurement to determine the current orientation. TMSAR’s path planning is determined randomly as the environment is unknown we determined that this would be the best approach. Most autonomous robots will rely on environment maps taken by satellite pictures, but since the TMSAR has been development for an indoor environment there will be no use for environment satellite pictures. Once these two critical pieces of information are gathered, they are sent to the receiver where simple trigonometry converts into a map. Figure 2. Ultrasonic Tower



Once the data is received in the specified format, the data can then be processed through an algorithm which will convert it into X, Y, Z coordinates on a map. Fig. 4 displays the mapping process. The algorithm simply takes the current location of the robot and record the distance the object was detected from and lastly the angle at which the object was detected and an XY map point can easily be constructed, indicating the location where the object is located.



The rotation of the boom must conform to a 20 degree turn. Since the ultrasonic sensor sends out a sound wave in a 10 degree wide arc, to prevent prior readings from interfering with future readings the angle of the turn must be greater than 10 degrees. Taking into account the number of transmissions needed and the amount of time necessary for each transmission, it was found that 20 degrees was an optimal choice. Fig. 3 depicts a simulation of the readings TMSAR will take. Both the benefits and drawbacks of reading at 20 degrees can be seen in the figure. Future readings will not interfere with prior ones; however objects that are smaller than the waves will not be detected, giving us a 10 degree error margin. For the objects TMSAR is designed to detect, this error will not be a problem as objects which will obstruct any given path will be large enough to be detected. We are looking to be able to detect doorways and pathways which TMSAR will be able to distinguish from walls and confining objects.
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Figure 4. Object Distance Calculation The Z-Value of the map will be a default of 5 ft. The reason all objects detected will be defaulted to 5 ft is that we do not possess the capability to determine the exact height or sharpness of the object. Instead we receive a rough estimate indicating that something is at that location, giving us a clue on its dimensions. Object Detected



Object Not Detected
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360 != n * angle, where represents any number of turns. Given these turn specifications the TMSAR is able to avoid obstacles as well as prevent itself from becoming trapped by its logic. If TMSAR’s path is not blocked it will move forward 30 cm or until it’s path becomes blocked. The distance which TMSAR travels is continuously being monitored as the amount of wheel rotations which it performs. Similarly, its path is continuously being monitored by use of an ultrasonic sensor specifically used for the purpose of detecting obstacles which may prevent TMSAR from advancing. Upon completion of its turn or 30 cm movement TMSAR will repeat its programming from the beginning.



2.4 Program Flow



The output of the program must follow the following format: Type of Information (1 - for Robot Traveled Distance 2 - for object detection), Degree of Ultrasonic Measure, Orientation of Compass, Distance of Robot traveled, Ultrasonic Measure of Objects



2.5 Limitations Even though the robot has the ability to detect objects at certain distance, TMSAR will not be able to report back an accurate “sketch” of the object in the way. This is due to the limitation of the ultra-sonic sensor. With the additional ultra-sonic sensors at different frequencies and angles one can gather a better portrait of the terrain and objects around the scanning area. Again, limitations are imposed on the project due to the technical knowledge the team members have, time and budget constraints. •



Figure 5. Program Flow Chart • The basic functionality of TMSAR includes making calculations, taking measurements, performing movement decisions, and transmitting information. Shown in Fig 5, is the Program Flow Chart describing the basic actions the robot will perform in the interval of time between the switching of the ON and OFF function.



• • •



The program will reside in the memory of the Javelin Microcontroller. The Javelin Microcontroller was chosen for its capability to run multiple background tasks, as well as its large RAM and EEPROM size. TMSAR is programmed to perform autonomously and thus its use of a embedded system.



• •



TMSAR is designed to operate as follows (Please reference Fig. 5): Upon start the TMSAR calibrates its sensors. Then it records its compass position and transmits the data to a remote computer. Upon doing so the TMSAR performs a 360 degree scan of its surroundings, takings readings every 20 degrees. If the path of TMSAR is blocked it will perform a randomized turn left or right. In order to prevent TMSAR from becoming trapped in more complex locations the direction of the turn it performs must be randomized. In addition to it being randomized the turn must be of an angle will not result in a 360 degree turn. In other words,



• • • • •



Objects of the robot must be in its direct path or where the ultrasonic sensor will be able to detect it. For example, objects that are too short to be detected by the sensors may actually affect the robot from continuing in its path. Corners or wall edges that are at a certain angle to the ultrasonic sensor since its signals bounce with the wall at a certain angle that do not get returned to the sensor. Some materials like clothes that absorb the ultrasonic signals and are never returned back to the sensor. The temperature range of TMSAR ranges from a low of 0° C to a high of 70° C. Humidity range for the circuit is from 0% to 90%, with possible effects of short-circuits above this range. The range of the ultrasonic sensor has a range of 2 to 335 cm. The detections of objects are also dependant on the shape and the way they reflect back the ultrasonic sounds. Slippage from the tracks must be minimal, extremely slippery surfaces such as wet floors will provide inaccurate results. The tower must be aligned properly during initial calibration of the robot. Unable to climb surfaces more than 2 degree slope. "Echoic" rooms may present invalid results depending on distance of robot and configuration of rooms Magnetic interferences that disrupts the disrupt the earths natural compass poles will impede the robots orientation TMSAR has a continues operation of a hour
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The data received will then be captured by the receiver and microcontroller to be interpreted by the remote computer. Matlab will read the data with an algorithm to be later displayed into a 3D map.



4. RESULTS The results of TMSAR’s simulated environment were encouraging as it was able to detect most of the large objects surrounding it. In the Table 1 you are able to see the raw values detected by TMSAR.



3. TMSAR SIMULATION



Table 1. TMSAR Results



The completion of TMSAR lead to testing of all the components involved in the system. TMSAR was placed in a controlled environment where predetermine objects were placed in its close vicinity. The environment is depicted in Fig. 6.



Data Type



Tower Angle (Degrees)



Robot Movement Distance (cm)



Compass Orientatio n (Degrees)



Distance of Object Detected (cm)



1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2



0 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340



10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



0 169 165 92 59 57 57 59 91 57 55 55 55 56 111 113 93 94 214



The results display objects being detected at various distance and angles in relation to TMSAR, which was stationary in the controlled environment displayed in Fig. 6. TMSAR proved to be a success as it provided valid results utilizing all of its components at once.



Figure 6. Stationary Simulation Environment The simulated environment included a chair, wall, computer and two people as objects TMSAR detected. The Ultrasonic Tower performed a series of 20 degree turns and took readings. Each reading was then recorded and sent back to an awaiting Matlab interface where the data was processed and displayed to the user. TMSAR was kept stationary to test the accuracy of objects detected in a full 360 degree sweep of the area surrounding it.



4.1 Analysis Once the results were received at the user’s PC, the data was parsed and processed to be viewed as a contour map, to make sense of the information in Fig. 7. Labels have been placed on objects that were placed around the simulated environment.



In Fig. 7 the Moving Simulation is depicted consisting of two major walls and free area in front and back of the robot.



Figure 7. Moving Simulation Environment



Figure 8. Processed Stationary Simulated Environment -5-
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though we concluded that TMSAR was a success, there are limitations to consider in the data. TMSAR was unable to detect objects that lay below the cone of detection produced by the ultrasonic sensor. Another limitation occurs when the angle of reflection is too steep causing the echo to be lost or causing the sound to show a greater distance by bouncing off an unintended object in the angle being analyzed. These limitations will be addressed in the future as a follow up project.



As seen in the contour map, Fig.8, the continuous detection between the chair and the wall seem as if they were a single object. This is due to the limitations of the ultrasonic sensor, it is able to detect objects but not cleanly distinguish between a chair and wall. Other problems occur at steep angles such as coordinates (11, 10) in Fig. 8. Here you can clearly see the wall is not continuous as depicted in Fig. 6. This is due to the echo of the ultrasound reflecting off in a direction that other than back to the TMSAR. The sound is instead received at a later time confusing the reading to produce a hit around the coordinates (13, 10) reflecting off the nearby table shown in Fig. 6. This is an example of the concept why a Stealth Fighter Plane is able to evade Rader detection. Another limitation for TMSAR is that it is incapable of detecting objects well beneath its sensor range, however it can easily detected large objects closer than 300 cm from the origin. Fig. 8 was converted to feet to allow for fewer and faster calculations by the PC’s CPU.
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Figure 9. Processed Moving Simulated Environment Fig. 9 consists of the results for the moving simulation environment depicted in fig. 7. TMSAR reports back two major obstruction left and right of its position. TMSAR also marks the areas in which it has stopped and taking readings of its nearby area. All readings are done with 20 degree intervals having a maximum ping range of 150 cm from the origin of where the robot has currently stopped.



5. CONCLUSION The project presented in this paper demonstrated the ability of TMSAR to detect major obstruction in its immediate environment through the taking of ultrasonic readings, gathering them and then transmitting the data back to the remote user. Within the remote user computer the data can be parsed and processed in real time to allow rapid analysis of the environment. This method of remote viewing of the terrain provides a safe method of surveying land without putting human life in danger. TMSAR proved to be a success. With the objects clearly shown in Fig. 8 and Fig.9, the user can readily see which path TMSAR “saw” as crowded and which path might be clear. However, even -62006 Florida Conference on Recent Advances in Robotics, FCRAR 2006
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