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Figure 1: Xavier
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Figure 2: The Robot Architecture
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Figure 3: A Navigation Scenario. What order should the robot visit the four locations?
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Figure 4: Two Paths from A to B. Path 1 is shorter, but the robot might miss the turn and get lost in the dead-end.
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Figure 5: Flow of Information
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Figure 6: Local Obstacle Avoidance at 60 cm/sec.
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Figure 7: Two possible probability distributions. (Larger circles indicate higher probability) In each, the robot is shown in the most likely location.
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Figure 8: POMDP state representation
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Figure 9: Two alternative paths. The expected travel time for path 2 is the same as the distance of path 2 divided by the speed of the robot, while the expected travel time for path 1 includes the possibility of missing the turn. The planner can conclude that it has the best path, without exploring any more alternatives.











��
��
��
�
Figure 10: Tradeoffs. Trading off path length for the ability to follow a path. The robot can miss the turn in the middle of the lower corridor�
Figure 11: Blockages. Taking the probability of blockages into account. The door on path 1 is closed with a 50% probability.�
�
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Figure 12: Search Tree for two task problem. Goal nodes in ovals, required actions in rectangles.








Solution:


<goto-pickup-loc mitchell r-5303>


[arrival of second request]


<acquire-item r-5303 mitchell delivermail>


<goto-pickup-loc jhm r-5311>


<acquire-item r-5311 jhm deliverfax>


<goto-deliver-loc mitchell r-5313>


<deliver-item r-5313 jhm deliverfax>


<deliver-item r-5313 mitchell delivermail>


Figure 13: One possible execution sequence








<GOTO-PICKUP-LOC MITCHELL R-5303>  


SENDING COMMAND (TCAEXPANDGOAL "navigateToG" (TCA::MAPLOCDATA 567.0d0 2316.5d0))  


...waiting...  


Action NAVIGATE-TO-GOAL-ACHIEVED finished.  


 


Verifying Location: R-5303  


SENDING COMMAND (TCAEXECUTECOMMAND "verifyLocation" 5303)  


LOCATION-VERIFIED R-5303  


 


<ACQUIRE-ITEM R-5303 MITCHELL DELIVERMAIL>  


SENDING COMMAND (TCAEXECUTECOMMAND "C_say" "Please place Tom Mitchell's mail on my tray.")  


SENDING COMMAND (TCAEXECUTECOMMAND "C_say" "Please indicate on my keyboard when you are finished.")  


Are you finished placing Tom Mitchell's mail on my tray?  (y/i(mpossible)): y  


COMPLETED-ACTION (ACQUIRE-ITEM 1 "Tom Mitchell's mail")  


 


<GOTO-DELIVER-LOC MITCHELL R-5313>  


SENDING COMMAND (TCAEXPANDGOAL "navigateToG" (TCA::MAPLOCDATA 567.0d0 4115.0d0))  


...waiting...  


Action NAVIGATE-TO-GOAL-ACHIEVED finished.  


 


Verifying Location: R-5313  


SENDING COMMAND (TCAEXECUTECOMMAND "verifyLocation" 5313)  


LOCATION-VERIFIED R-5313  


 


<DELIVER-ITEM R-5313 MITCHELL DELIVERMAIL>  


SENDING COMMAND (TCAEXECUTECOMMAND "C_say" "Please take Tom Mitchell's mail from my tray.")  


SENDING COMMAND (TCAEXECUTECOMMAND "C_say" "Please indicate on my keyboard when you are finished.")  


Are you finished taking Tom Mitchell's mail from my tray?  (y/i(mpossible)): y  


COMPLETED-ACTION (DELIVER-ITEM 1 "Tom Mitchell's mail") 


Figure 14: Planner/Robot Interaction. Blue indicates planner actions; black indicates planner/robot interaction; red indicates user-interaction.
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Figure 15: The World Wide Web Interface. The page to control the robot.
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Figure 16: The World Wide Web Interface. The page for monitoring the robot.





Month�
Days in Use�
Jobs Attempted�
Jobs Completed�
Completion Rate�
Distance Travelled (approx)�
�
December 1995�
13�
262�
250�
95%�
7.65km�
�
January 1996�
16�
344�
310�
90%�
11.37km�
�
February 1996�
15�
245�
229�
93%�
11.55km�
�
March 1996�
13�
209�
194�
93%�
10.06km�
�
April 1996�
18�
319�
304�
95%�
14.11km�
�
May 1996�
12�
192�
180�
94%�
7.90km�
�
June 1996�
7�
179�
170�
95%�
8.24km�
�
July 1996�
7�
122�
121�
99%�
5.42km�
�
September 1996�
15�
178�
165�
93%�
8.16km�
�
October 1996�
31�
168�
151�
90%�
7.78km�
�
November 1996�
29�
228�
219�
96%�
10.48km�
�
December 1996�
29�
172�
167�
97%�
8.83km�
�
January 1997�
31�
157�
154�
98%�
7.53km�
�
Total�
327�
2,603�
2,447�
94%�
110.25km�
�
Table 1: Performance Data for World Wide Web Tasks














