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Executive Summary

Over the past decade, advances in artificial intelligence and sensor technologies have made the once-infeasible concept of autonomous vehicular exploration a reality. The PerceptOR project is one of many exciting research endeavors in this field. The goal: to develop an autonomous robotic vehicle for remote military off-road exploration and information retrieval. However, the fact of the matter remains that true and complete autonomy is an elusive goal; situations still arise that require human problem-solving capabilities to reach an effective resolution. 

During the past five months our team, an interdisciplinary group with expertise in human-computer interaction, psychology, computer science, and multimedia production and design became part of the PerceptOR project team. We were charged with designing an Operator Control System (OCS) interface to enable effective human monitoring and intervention of the PerceptOR vehicle. The team was comprised of five individuals: Cheryl Platz (project lead, front-end design), Michael Kelleher (back-end lead), Cooper Blake (documentation lead), Evan Leonard (user testing lead), and Sri Remala (client liaison). 

The PerceptOR project brings with it some unique design challenges, owing to the military and remote applications of the system. Potential operators of the system are likely to be multitasking between several different high-priority tasks, so the interface must enable swift, passive system status assessment within approximately 20 seconds. Furthermore, detection of network communications is a real concern in covert military applications, so bandwidth use should be minimized whenever possible. Of course, the ability to quickly solve and correct critical operation problems is also a must.

This project differed slightly from textbook HCI methods, because there was very little in the way of an existing user base to draw from. We conducted a series of five contextual inquiries and interviews – three with the primary system developer, and two with researchers from other autonomous robotics projects. We also spent about five weeks conducting domain research and brainstorming, which led to the development of our initial interface design. This design was refined and expanded extensively using feedback from the prototyping process and public presentations, as well as from discussion of the field use of the robot. 

Our design centers on the conceptual difference between the two types of information one can receive from the robot: “Can the robot move at all?” (a question of internal state) and “Can the robot move towards the goal?” (a question of navigational state). The division of information on the screen is designed to quickly present answers to both of these questions with no intervention from the user. We also provide more detailed control just one click away from the default display. Users are presented with devices for overriding the robot’s navigational system, modifying the internal mission map, and viewing visual feedback from the robot in the form of live video streams at various resolutions.

Once the design was fairly solidified, we conducted two phases of user testing: one with paper prototypes and one with a prototype using Director and Flash. The common themes that emerged from these tests were labeling, moding, and navigation issues, which were addressed in a final redesign of the system. Additionally, the tests showed that our users seem to enjoy using the interface, and that we had provided them with all of the tools they needed to solve complicated robot problems efficiently. 

We feel confident that the final design of the system interface delivers a functional, intuitive, and powerful way to control and monitor the behavior of the PerceptOR system, though it is far from complete. We have addressed many of the problems with our earlier designs, and have created an interface with a great deal of consistency and stability. There is always room for improvement, and we have included a list of design ideas and directions that the PerceptOR team may wish to pursue in our coming absence. Most notably, both the use of sound and the visual redisplay of vehicle sensor history both appear to be features that have the potential to greatly improve the system. Even without these changes, however, the proposed OCS will move the PerceptOR system into a class of its own.

Design Changes and User Testing

Design Foundations

During this project we spent a great deal of time on the design process. At the beginning of the project, the project engineers and the project team did not have a concrete idea of what types of information would be most important to the operator in order to make decisions. We realize that the future operator of the robot would probably be a military employee with some engineering or robotics background. We could also assume that the operator would be given a fair amount of training about the robot. Upon starting the project in January, the OCS we were presented with was very minimal. It was never really intended for the operator of the robot. It was designed for testing of the robot, and as a result it was just a construct of raw data. The user knew information about the position of the robot and tilt, yaw and pitch but that was about it.

When starting the design process, we set out three major goals for the system to keep in mind at all times. First we need to present useful information to the operator about the robot’s world and the robot. When starting this project we did not know exactly what sort of information would be useful to the operator. Through research and contextual inquiries we probed some of the few nearby users of similar systems to find what information would be most salient. Also, we realized that the system must allow immediate intervention to the robot. The operator needs the ability to stop the robot or change the path of the robot if it sees that it is going in a dangerous situation. Finally, the system should minimize used bandwidth, for military stealth, and cognitive load for the operator of the system should also be minimized. After all, the robot operator should be able to ascertain the state of the robot at a glance.

We divided the domain of the operator’s job into three smaller tasks. Ninety percent of the time he is simply “monitoring” the system intermittently. When an operator is actively getting more information about the system, he is using our “analysis” mode. Analysis involves grabbing more information about the robot’s world, like the type of terrain it is in. Lastly, the operator may want to “intervene” into the robot’s behavior. We looked at full-scale, tele-operational intervention as a last resort because of the huge amount of data required, whereas temporary nudges like “Manual Override” can be used with relatively little bandwidth cost. Mission map editing is another inexpensive method of redirecting the robot, particularly for large strategic changes in the robot’s path. Since intervening can be a dangerous move, we made intervention a distinct and obvious task. In the design of monitoring and analysis modes, we realized that the operator would ask one of two questions: the local, “can the robot move at all?” and the global, “can the robot move towards its goal?” (See figure 1.1 below)

Figure 1.1
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Contextual Inquiries

We started our research with the traditional contextual inquiry process. Because there are few current users of autonomous robot interfaces, we conducted three very different inquiries with the lead engineer on the project, Randy Warner. The first one was conducted in the field; we watched Randy try to get the robot to a waypoint. He would frequently have to stop the robot and determine why the robot was not getting to its destination. In this contextual inquiry we realized the importance of real-time sensor feedback about robot tilt. The next contextual inquiry was unconventional: we thought it would be quite interesting to have Randy teach one of us how to control the robot through the simulator. The goal of this approach was to learn which parts of the system Randy found most useful. During this interview we learned the distinction between information retrieval in the local versus global world. In the third CI, Randy walked through typical problem solving using the simulator. This is when we saw the importance of images to troubleshooting.

After the first three CI’s, we interviewed engineers on other autonomous robot projects at the NREC. First we talked, to two system engineers on the AG Project, also known as the Autonomous Tractor Project. They had dealt with a lot of the same problems with their three autonomous tractors. We discovered the importance of a map that displays the robot path history and its future course. They also mentioned that it was important to know what portion of the robot’s world we were seeing through the images, and they emphasized that the operator must understand the difference between the robot’s perceived world and the real world. The operator needs to see the real world through images, and from that he can judge if the computer’s sensors are accurate.

Our final contextual inquiry was with a project researcher on the Hyperion project, which is an autonomous, sun-synchronous robot project for NASA. Before this interview, we had been toying with the idea of 3-D terrain map. Surprisingly, the researcher stressed the importance of a 2-D map, and the fact that it was the most efficient method for someone to make decisions about the robot’s world. The researcher noted the importance of analyzing the gauges from the user’s perspective. We needed to ask, “what is the user trying to figure out with this information?”

Research and Prototype v. 1

In addition to the contextual inquiries and interviews, we did some domain research. We did not want to reinvent the wheel, so we looked for designs that could help us, specifically in the areas of automobile navigation, flight simulators, and computer games. The head engineers of the PerceptOR project attended military tests in Virginia in the middle of February, which also gave us some valuable feedback on what kinds of problems got into and how they solved them.

Through all our research we had a better idea of what types of information would be most important to the operator. First of all, we found that a 2-D map was sufficient and would very useful in understanding the robot’s world. This map needed to be present most of the time in order to show overall status and recent history. Discrete obstacles, waypoints, path taken, shortest path to the next waypoint, and the camera view all needed to be shown. We also decided to allow user manipulation of this map. Images later emerged as the linchpin of problem solving. By simply having three web cams on the robot, one in the front, back and one facing the ground, we can give the operator a feeling of driving the robot. The frequency of required image updating depends on the type of problem, so we needed to give the operator the flexibility to change it on the fly. Gauges also came out as very important to understanding the robot’s state. Because the robot has a very high center of gravity, tilt is potentially mission-critical. The operator needs to stop the robot or have it turn around before it crosses its tilt threshold. 

Considering the amount of information that we need to convey to the operator, we spent a good deal of time deciding on screen organization. We organized the information according to the two main questions that the operator would ask, “can the robot move at all?” and “can the robot move towards its goal?” This organization translated into a separation of the main monitoring screen into Navigation State and Vehicle State. See figure 1.2 below. The 2-D map and navigation statistics are on one side of the screen, while first-person robot information such as camera images, speed and tilt gauges, are on the other side.

Figure 1.2
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On our first round or design, moding was quite distinct in the design. We wanted the operator to be conscious of what type of task he was performing: monitoring, analysis, or intervention. The intervention was divided into a mission map editing mode and a “drive blind” mode for commanding the robot to step in a certain direction for a specified distance.

After our prototype presentation in March, we came away with some valuable feedback that resulted in design changes. One thing was that we had not given the operator access to a global start and stop command. This would be crucial for immediate intervention. At the beginning part of the design process we spent a lot of our time designing the monitoring screen, but we needed to pay more attention to intervention. We realized that our design might have potential moding problems, because the current mode was not explicit in the interface. Consequently, we added a bar at the top, which acted as a global mode navigator with a start/stop button. From the beginning of our project, we fully expected user testing to be crucial to uncovering problems. As you will see in the next section, we delved into the moding and intervention issues further during our iterative design and user testing process.

User Testing Summary

Iteration 1: Paper Prototype

Introduction

While our Director prototype of the operator control system was being readied for the second round of user testing, we decided it would be more effective to user test people on the existing wireframes. We created five simple scenarios, each involving a specific problem with the robot. Each scenario had at least two or three wireframes that we printed out in color. The main thrust of this first iteration was to find broad issues with the interface: confusing labeling, unnecessary moding, and unclear actions. The interface did not have to be very dynamic to observe these problems.

All users received the same written introduction to our project. This introduction (found in the Appendix) outlined the description and purpose of the PerceptOR project, and our specific interface goals. We enumerated all the main actions available to the user, with limited descriptions of the mission map.

All of our six users were Carnegie Mellon undergraduate students, which is not far from our end users who will be technically trained to use the interface, and who may be deeply involved in robotics programs.

Results

Across our users, we found many consistent complaints about the interface and labeling, as well as affirmation of some of our design choices. The main Monitoring screen was effective at conveying the general robot status, although the main action buttons for the Navigation and Internal robot states were only perceived as status indicators. It was inescapable when the robot was in trouble and there was a red light adjacent to diagnostic information.

When confronted with a stopped robot, our users tended to think like they were driving a car: they wanted to move it forward or backward in a certain direction. Because we discouraged use of the full-bandwidth Tele-operation mode, the most appropriate method was to “Drive Blind” as we called it in that version of the interface. Unfortunately, five out of the six users were initially confused by the label and thought it made the robot drive autonomously, though most clicked the button anyway. Within the Drive Blind screen, users either did not understand the direction selection or they wanted information back from the Monitoring screen.

Some users followed a different path, and consistently used the Mission Map mode in order to influence the robot. We refer to them as “navigators” for trying to manipulate the robot indirectly; these interactions would probably be suited more for longer-term, strategic changes to the robot’s goals. While most map editing was successful, there was still confusion about the mode; four of the six users either had problems shifting between modes or needed information from another mode (see User Summary in appendix). Navigation buttons at the top of the screen did not include one for Monitoring.

Labeling will be changed on the status indicators on the bottom of the screen with action verbs, indicating that they are actual buttons leading to more information. The horizontal fuel gauge, previously modeled after a battery, will be changed to a traditional dial like in a car. Driving Blind will be renamed to Override to indicate the immediacy of the operation to the user. We will also consolidate the different modes so they are closer to the Monitoring mode, leaving them with a more consistent information display. To this end, the navigation will be local to the mission map instead of global.

Iteration 2: Director / Flash Prototype v. 2
Introduction

With a substantial portion of the implementation complete in our prototype, we were ready to test it in our second round of user testing. Due to the difficulty of scripting sufficiently deep simulations, we limited the user test to only two scenarios. In this round, we exposed users to a fully dynamic display, with a stream of video appropriate to the situation, as well as corresponding instrument movement and an updating map. Implicitly, we were testing our modified labels and new action buttons on the big two status indicators at the bottom of the screen.

During this round, we expected to find out how well our interface drew attention to the appropriate areas, and whether they could react in time to system warnings. It was also important to ascertain the effectiveness of our new moding hierarchy, which was localized to the mission map. Additionally, we knew more issues could arise with people actually using the map editing tools.

The two scenarios we tested involved a falsely detected obstacle (tall grass), and driving over a tilting hill. Each user was given a more elaborate training document than in the first iteration, as it had pictures of the key interface icons and descriptions on their functioning. This allowed us to focus more on the interactivity of the interface than on the labeling. We had 20-30 second video clips corresponding to each scenario, with the prototype updating at the frame rate selected in the interface. There were three Carnegie Mellon students with technical majors, and one “expert user” already familiar with our project.

Results

The most surprising result of this second round was that two of the fours users were unsure when the robot was actually stopped. This hit upon a key assumption of ours: that turning the indicator lights to red and displaying an error message would mean “stopped” to the users. The Stop button did change to a Start button, but this only indicated the state indirectly. A simple label change should fix this problem: next to the red light, it should say “Robot Stopped” in bold letters.

The new “View Details” buttons were successful, as was the new navigation hierarchy. While the “Manual Override” mode, formerly “Drive Blind,” was not implemented, the mission map editing was. Our decision to defy the Photoshop convention of moding with the tools was not successful. Because it was drag and drop, some users just clicked the waypoint button several times, thus creating several waypoints behind the button. This leads us to believe it is better to follow the Photoshop-style interface convention.

Another major lesson we learned was about the importance of training. Due to the extremely short nature of our scenario scripts and video, users did not have enough time to react immediately. This was especially true in the case of the tilt scenario; the users barely had time to orient themselves to all the changing screens when a warning turned yellow and the image indicated increasing tilt. While one user noted that “I knew it was starting to tip” as the light turned yellow, he barely had time to click on the adjacent “View Details” button before the robot stopped completely. Thus, we know that users will need specific practice with similar scenarios so they can respond before anything dangerous can happen to the robot. Training will also teach them the importance of bandwidth and overall cautiousness.

Future Development

The current OCS is a stable director movie containing an ACTIVEX control and embedded flash movie. The current OCS can function as a standalone windows executable or can be built into shockwave file. The only modification necessary for such build will be the construction of an initial frame in which the user can specify the IP address of the computer running ranger and the RTC server.

Below you will find a list of features that we believe will result in an even better OCS and our motivations for this belief.

Unfinished Development: features we planned to implement from the beginning and no problems were found with in the paper-prototype user tests.

Speed up simulator by removing drawing code and debugging output
(requires simulator update)

Waypoints and Obstacles

1. Add numbers to waypoints

2. Allow waypoints to be deleted or moved 
(requires simulator update) 

3. Allow waypoints to be added outside of 250x350px box 
(requires simulator update)
4. Allow obstacles to be added outside of 250x350px box 
(requires simulator update)
5. Allow waypoints to be reordered
(requires simulator update)
6. Update text info based on currently selected waypoint or obstacle

7. Allow star to be dragged or text input in text box to position star in “Manual Override” and match star on map to star on image.

Map Controls

1. Allow the user to zoom in on points on the map other than where 
the robot is located

Changes that Should Be Made Based on User Testing Results: changes that should be made to the OCS due to the findings in our two rounds of user-testing with the OCS prototype.

Waypoints and Obstacles

1. Change drag and drop interface for obstacle and waypoint addition and 
deletion into Photoshop-like set of tools (only one can be selected at a time)

2. Show robot’s turning radius

Starting and Stopping 

1. Change one-button start and stop interface into two buttons

2. Change navigation status when user forces robot to stop

History Screen

1. Cache all data retrieved by the OCS on the client-side and use it to create history mode

A. Idea 1: Display height via 2D side scrolling line graph and tilt and roll 
via artificial horizon

B. Idea 2: Display robot carving out terrain (in 3D) from data stored on OCS

C. Idea 3: Allow downloading of sensor data to carve out more terrain (in 3D mode)

Additional Ideas: a set of features that were beyond the scope of our development yet we feel may be extremely useful in future versions of the OCS.

1. Connect manual override command with simulator. (requires simulator update)

2. Connect threshold warnings detected by ranger to OCS in both monitoring and vehicle and navigation info screens. (requires simulator update)

3. Connect web-cams to OCS 

4. Design tele-operation and influence-arc modes  (requires simulator update)

5. Design sound effects into the interface to get the users attention when trouble arises

Appendix
Contextual Inquiry Summary
Focus

Subject

In the field 

Primary Robot operator

Learning the simulator 


Trouble discovery 


AG Project/Autonomous Tractor 

System engineers


Hyperion Project

Project researcher



(Autonomous Sun Synchronous Robot)

User Testing Scenarios (user test 1)
Scenario 1: False Obstacle

MONITORING:


View1: Obstacle Detection/Red State



-state: Warning: Obstacle



-image: Giant Shadow

BABY STEPS Screen

MISSION MAP


Correlate to 2D user map for this scenario


Goal: User needs ability to remove obstacle

Scenario 2: Tilt Warning

MONITORING:


View2: Tilt Warning/Yellow State



-image: hill on one side

MISSION MAP


Goal: User needs to find obstacle add tool and add one over the hill


One Screen Shot

BABY STEPS


Goal: Steer away from hill


One screen shot

Scenario 3: Undetected Obstacle

MONITORING: 


View3: Green State: System OK



-image: low, large tree branch in view


View4: Vehicle in Stop State



-change stop button to start button

BABY STEPS


Reflect vehicle stopped, not stopped, allow reverse

Possibly mission map, but mission map will not solve problem in this case

Scenario 4:  Vehicle State problems

MONITORING:


View5: Red State: Vehicle State Problem



-image: open field



-warning text: robot stuck? Oil leak?

VEHICLE STATE OPTIONS POPUP


--allow link to the drilldown

VEHICLE STATE DRILLDOWN


--show what the problem is, keep it simple to one problem 

(e.g. not battery AND stuck)

Scenario 5:  Negative Velocity to Waypoint

MONITORING


View6: Yellow State: Negative Velocity to Waypoint



-image: open field



-warning: moving away from waypoint

MISSION MAP


Reflect a series of waypoints

User Training Document (user test 1)

PerceptOR is a large robot on wheels, based on the platform of a Honda 4-wheel All-Terrain Vehicle (ATV). It is currently being developed as a scouting vehicle that can drive itself while staying in communication with its home base. While most of the time, the robot will move forward completely on its own, it occasionally needs a human to intervene. Our project is to develop an interface between the robot and the person at the home base, who may be in a totally different location. While the robot is equipped with cameras, it has to be stealthy, so it should only send the minimum information required to stay safe. However, once the robot is in trouble, the cameras may be your best resource for getting it out of trouble.

The main goal of the robot is to travel to a waypoint. While it is guided by maps and sensors, it will occasionally get stuck. The robot gets stuck if:

a) Its sensors say that there is no safe path it can take in the forward direction (the computer thinks something is completely blocking it), OR

b) Sensors say the path is clear, but robot cannot physically move. This can happen if something is blocking the robot but not noticed by sensors (a low rock), or if the robot is physically damaged (fallen on its side or a wheel fell off).

What you are about to see is a computer interface that can be used to monitor as well as control the robot. Again, camera images are available, as well as its position on a map. Anytime the sensors on the robot detect an obstacle, that obstacle will be drawn on the map in bright pink. The waypoints on the map are indicated by green triangles, and they are connected by lines to indicate the order. The waypoints you will see on the map were designed to keep the robot out of trouble, but can be moved around if you think it will help get to the goal. Another way to help the robot is to temporarily override its path choices.

In each scenario that follows, the robot will begin in an “okay” state, but something will happen to disrupt it. For the whole exercise, please think out loud and describe what you think is happening. If you are unsure about what to click on, explain your expectations and try your best. Don’t worry; you’re not controlling a real robot! Many of the screens may not be changing, but the information on them can still be important.

User Testing Scenarios (user test 2)

**Only scenario 1 and 4 actually were run

Scenario 1: False Obstacle

Description:

· system begins in all-green state

· at some point, robot “senses” a large shadow to be an obstacle and either avoids it  or stops entirely

Desired User Action: 

· User determines the “obstacle” is a false alarm and uses Mission Map to delete it

· OR user utilizes Manual Override mode (formerly Drive Blind) 

Data Needed:

    - 2D Map view which updates to include new obstacle at set point and corresponds to 

                 image data

    - IMAGES: 30 seconds (max) of open field + a *large* shadow over the view in the 

                 center of the screen OR tall grass (paved - > grass or short -> long) Drive 

                 Blind will require 3 video feeds (or an approximation)

Scenario 2: Vehicle State problems

Description:

· Vehicle begins in green states all around

· Vehicle State warning light moves to yellow; vehicle overheat warning

Desired User Action:

· User opens Vehicle State drilldown, diagnoses problem, and potentially stops/slows down vehicle.

Data Needed:

      IMAGES: 15 – 20 sec of generic open-field images

      MAPS: simple 2D map with minimal obstacles, reflecting images

Scenario 3:  Navigation State Problems

Description:

· Vehicle begins in green vehicle state, poss. Yellow nav state? 

· Vehicle detects obstacles in front and stops completely, moves to red nav state

Desired User Action:

· User opens nav state drilldown, diagnoses problem

· Utilize Manual Override to get the vehicle out of trouble OR increase aggressiveness and restart vehicle manually (depends on images)

Data Needed:

· IMAGES: As many large obstacles as possible, or a large building with free space to left, right, back. 15 seconds feed straight forward, then left/right streams? (5 sec each)

· MAPS: 2D map with obstacles in front, but not much behind you

Scenario 4: (Optional) Tilt Warning

Description:

· Vehicle is coming up on sloping hill. Tilt warning goes to yellow for 10 sec, then red if no intervention (to force intervention)

Desired User Action: 

· User should intervene during yellow tilt state, but if not, we will force the interaction by making the tilt stop the vehicle. 

· Want user to utlilize Manual Override to steer vehicle away from trouble. 

· Alternative: (in yellow state) – create obstacle in approximate hill location 

Data Needed

· IMAGES: 20-25 seconds of video; a hill to one side of the vehicle (NREC hill they showed us?) 15-20 seconds should be before stopping, and 5 seconds of avoiding the hill.  (for Drive Blind/Manual Override – may want dummy rear and ground images)

· MAPS: 2D map with no obstacles in current area (hill is not an obstacle, but can be changed by user)

User Training Document (user test 2)

Introduction to PerceptOR
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PerceptOR is a large robot on wheels, based on the platform of a Honda 4-wheel All-Terrain Vehicle (ATV). It is currently being developed as a scouting vehicle that can drive itself while staying in communication with its home base. While most of the time, the robot will move forward completely on its own, it occasionally needs a human to intervene. Our project is to develop an interface between the robot and the operator at the home base, who may be in a totally different location. What you are about to see is a computer interface that can be used to monitor as well as control the robot. This computer interface is called an Operator Control System, or otherwise known as the OCS. 

When attacking the design of the OCS, we realized through research that there are two questions the Operator asks when he/she is in front of the Robot: Can the robot move? Can the Robot Move towards its Goal. The two types of problems resulted in two states in the OCS: Navigation State and Vehicle State.

Vehicle State 

On the right hand side of the monitoring screen, there are many gauges that will allow someone to monitor the Vehicle state of the Robot.  This includes a speedometer, tilt and fuel gauge. If there is a problem with the vehicle the light on the bottom of the right hand screen will turn yellow or red. In this instance someone will click the button on the bottom View Details to get more information on what is wrong with the robot

While the robot is equipped with cameras, it has to be stealthy, so it should only send the minimum information required to stay safe. It is important to minimize Bandwidth as much as possible and so that the robot is undetectable. The robot will fail its mission if bandwidth usage allows someone to detect it. On the OCS there is a bandwidth meter for someone to monitor the bandwidth usage at all time. Yellow  indicator will warn you when bandwidth usage is pretty high. One should only be in the Red portion of the bandwidth indicator when they are trying to solve a problem with the Robot and the Robot is stopped.
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Once the robot is in trouble, the cameras may be your best resource for getting it out of trouble. There are three web cameras on the robot, one facing front, one facing the rear and one facing the front ground. As a result the operator can see pictures of in front, in back and on the ground of the robot in the OCS. On the map there is a light triangle that shows you what view the robot is seeing. 

Navigation State –“the robots world”

A waypoint is a destination point in the Robot’s World. The main goal of the robot is to travel to the next waypoint on the map. The robot can have multiple waypoints in its world but it reaches each waypoint in the order that it is labeled and then goes on to attack the next waypoint. Dotted lines to indicate the order in which they will be approached and connect the waypoints. In our operator control system a waypoint on the Mission Map looks like: 
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While maps and sensors guide it, the robot may run into problems of moving forward in its world and this mainly is a result of an Obstacle. Anytime the sensors on the robot detect an obstacle, that obstacle will be drawn on the map. The robot gets stuck if:

a) Its sensors say that there is no safe path it can take in the forward direction. The computer thinks that there is an obstacle in front of the Robot, OR

b) Sensors say the path is clear, but robot cannot physically move. This can happen if an obstacle is blocking the robot but it not noticed by sensors. For example the sensors may not pick up a low rock.

On our OCS map, obstacles appear on the map as a circle. The circle will be red when the obstacle is selected and yellow when it is not.  
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Obstacles and Waypoints will be displayed on a Monitoring of the map. The dark green triangle in the center represents the current position of the robot. You will always be able to get the positions of the robot, obstacles and waypoints on the map. The map will draw a solid line from the initial point to where the robot is currently, and it will draw a dotted line to the shortest path to the next waypoint.

The obstacles and waypoints you see on the map were designed to keep the robot out of trouble, but can be moved around if you think it will help get to the goal. In order to edit the Map and add and remove waypoints and obstacles, you must go into Edit Mission Map.
 Another way to help the robot is to temporarily override its path choices; this mode is called Manual Override. In order to manual override the robot, the robot must be stopped and you must use a large amount of bandwidth so therefore must only be used when absolutely needed. During Manual Override, you can ignore what ever the robot thinks is an obstacle and tell the robot to go in direction where you want it to go.

Scenarios

In each scenario that follows, the robot will begin in an “okay” state, but something will happen to disrupt it. For each frame, please think out loud and describe what you think is happening and how you think you can intervene to get the robot safely to its end goal. If you are unsure about what to click on, explain your expectations and try your best. Don’t worry; you’re not controlling a real robot! While a lot of the screen may not be changing at the same time, the static information on them can still be important.

Prototype Technical Specifications

Platform:

The operator control system (OCS) prototype is a Director executable containing one Flash movie and an ActiveX control. The Flash movie displays the graphical user interface (GUI) of the OCS and the ActiveX control allows the robot to communicate with the simulator or PerceptOR.
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How it works:

When the OCS is launched and ranger and the RTC server are running, the OCS connects to ranger and initializes a “update” thread. At regular intervals the OCS, requests new data from the simulator or the OCS through the ActiveX control. This data is then passed into the flash movie to update the graphical user interface.

Since there is a separation of business logic and display, the simulator can be replaced with a function or object that generates new data for testing purposes. This is how we were able to perform our user testing.

The Future

Ranger performs some rather intense mathematical calculations in order to avoid danger. With some small modification, Ranger and the OCS can be run on separate computers in order to get better performance. 

Additionally the possibility exists that this director movie may be able to be exported to shockwave and run through any browser with the Shockwave plug-in installed. 

How to Run the Simulator and the OCS

Step 1

Download the Prototype folder to your windows desktop.
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Step 2

Open the bin folder within the Prototype folder and double-click on register.bat 

(This registers the ActiveX control that allows the OCS to communicate with the robot) 
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Step 3

Within the Prototype folder and double-click on the rtc.exe shortcut. Then double-click on the ranger.exe shortcut. Finally double-click on OCS.exe. 
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