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Dr. Jean Claude Latombe
Professor, Stanford
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Speaker: Dr. Jean-Claude Latombe
Computer Science Department, Stanford University

DATE: 2012/10/11 (Thursday)

TIME: 10:00~12:00
/ Location: A115, Asia University Jean-Claude Latombe

/ Computer Science Department, Stanford University, USA

Adventurous Trekking Across Jungle, Mountain and Desert

(Honorary Professor, Asia University)
Dr. Latombe is the Kumagai Professor at Stanford University,
and also an amateur climber and adventurer. In this talk, he

will present four trips that he has done during the past two
years: the ascent of Mount Binaiya on the Indonesian island of
Seram, the traverse of the Turkestan range in southwestern
Kyrgyzstan, a long trek across northern Ethiopia, and the
2 traverse of High Dolpo in central northern Nepal along the

" border with Tibet.

Abstract: About 18 months ago, I gave a talk at Asia University entitled “Second Life”
(see slides at http://ai.stanford.edu/~latombe/mountain/second-life-11.pdf ), in which I said
that I have lived two interwoven lives, one as a university professor, the other as an amateur
climber and adventurer. In that talk I also argued that my second life helped me identify
values and attitudes that have been of tremendous help in my first (professional) life, e.g.,
the joy of exploration and discovery, the need to be patient and perseverant, but nevertheless
flexible, and the importance of being autonomous and self-sufficient. Following more than
10 years of peak climbing in the 1990" s and early 2000" s, I realized the vanity behind
bagging more and more peaks, and I switched to  “adventurous trekking” , i.e., trekking in
remote areas with technical difficulties, over long periods of time. In this talk, I will present
four trips that I have done during the past two years: the ascent of Mount Binaiya on the
Indonesian island of Seram, the traverse of the Turkestan range in southwestern Kyrgyzstan,
a long trek across northern Ethiopia, and the traverse of High Dolpo in central northern
Nepal along the border with Tibet. These trips led me to face situations that I had not met
before and practice further the values and attitudes that I mentioned above. Unlike peak
climbing, they allowed me the meet numerous amazing people. Let me quote Ryszard
Kapuscinski (from one of my readings as I was trekking across northern Ethiopia in April
2012): » One wonders how people can live here. Why are they here? At noon ground
temperature must reach that of melting metal, it must burn the feet, transform everything to
ashes. Who ordered these people to be banished so close to the sun? Why? What sins have
they committed? Their existence 1s 1ignored by all. # Despite the harsh conditions of the
desert, the mountain, and the jungle, the people I met during my trips have always been
incredibly hospitable, gentle, and generous.
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Dr. Jean-Claude Latombe
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vs W@ ¥ AL115, Asia University

13:20-13:30 iR 7|
Dr. Jeffrey, J. P, Tsai
13:30-13:40 A /R President, Asia University,
Taiwan
AL
Cal u‘iﬁi An Dr. Jean Claude
13:40-14:50 P ' Latombe, Professor,
Autonomous Free- Stanford University, USA
Climbing Robot
Dr. Jeffrey, J. P, Tsai
14:50-15:00 Qand A President, Asia University,
Taiwan

Capuchin: An Autonomous Free-Climbing Robot

Jean-Claude Latombe
Computer Science Department, Stanford University, USA
(Honorary Professor, Asia University)

Abstract: In this talk I will describe the design of an operational autonomous four-limb
robot, Capuchin, that climbs vertical irregular terrain by only relying upon friction at the
contacts between its limb endpoints (referred to as  “fingers” ) and terrain protrusions
(called “holds” ). This form of climbing is called “free climbing” . It differs
significantly from “aid climbing” , which uses special equipments (tools, ladders,
hooks, ...) . In the past, a number of robots have been created that can perform aid climbing,
for instance, by using magnets, suction cups, or micro-hooks to move on flat metallic, glass,
or concrete surfaces. Unlike these robots, Capuchin’ s software must make difficult
decisions, e.g., where to make new contacts with the terrain, which contacts to break, how to
position its center of mass relative to the contacts, and which forces to exert at the contacts.
Any mistake will cause the robot to fall. Moreover, on irregular terrain, each step is unique
and requires specific decisions; the way one step 1s performed may also affect the ability to
perform a following step. So, not surprisingly, human climbers consider free rock-climbing
both as a sport and as a problem-solving activity. In addition to presenting the mechanical
design and the sensory equipment of the robot, I will focus this talk on Capuchin’ s
software: its planner and controller. Given a model of the terrain (which may be acquired by
the robot sensors), the planner first selects a promising candidate sequence of contacts and
then computes the trajectories to achieve these contacts. It verifies that at any time during the
planned motions contact forces can be applied by the robot to maintain balance. The motion
controller is a hybrid position-force controller. It monitors the forces sensed at the robot
fingers and adjusts the torques exerted by its actuators when equilibrium conditions are
closed to be violated. Rather surprisingly, force adjustments take only a small fraction of the
total climbing time (on average, on the order of 5%). I will argue that several outcomes of
this research should influence other multi-contact problems in robotics, like dexterous
manipulation with multi-finger hands and humanoid robot locomotion.
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