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Historical Picture: INRIA Building Construction1995

Photo: Philippe Garnier (SHARP) 



Sept, 1993 – Jan, 1998: INRIA (INPG @ Felix Viallet -> Montbonnot) 

 

Jan, 1998 – May, 1998:  University of Illinois, Urbana-Champaign 

 

June, 1998 – June, 1999:  University of Pennsylvania, Philadelphia 

 

July, 1999 – May, 2002: Autodesk, Discreet, San Francisco 

 

June, 2002 – present:  Honda Research Institute, Mountain View 

Where have I been all these years? 

 



- Bernard or I have not worked on “compass gait” after 1997. 

 

- Prof. Ken Waldron at Stanford University asked me to make a 

 presentation on compass gait in 2003.  

 I used transparency slides prepared 5 years earlier 

 

I said, 

 1. This is the last time I am using transparencies 

2. This is my last presentation on compass gait 

 

- I was wrong on both points!! 

 

- 2010: JAIST, Japan, Locomotion Summer School 

- 2011: University of Umea, Sweden 

 

Current status of “compass gait”: 

Bernard or I have not worked on “compass gait” after 1997. 



- Fresh outside my graduate school (Northwestern University, IL, USA) 

- Robot-assisted surgery 

- Robot impedance control 

 

- Bernard Espiau, a researcher well known in visual servoing  

gave me a post-doctoral appointment at INRIA and said we will 

work on biped robots in Grenoble … 

 

… and we will start with a passive robot called “compass gait 

robot”. 

 

- He gave me some handwritten notes. 

 

How I was inducted into the study of compass gait 
 

Going back… In 1993: 

What is compass gait? 



Passive Compass Gait 

- What is compass gait and how did the name “originate”? 

- Why is it important to study compass gait? 

- What did we accomplish? 

- What is going on in this field now? 



Geometric compass



Resurrection of study on “Compass  Gait” 

Google References before and after Bernard’s 

work (starting from 1993): 
 

  1950 – 1992:  29 

  1993 – 2012:  644 
 



Tad McGeer, 1989
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Compass Gait (1993-1997) 

 

Ambarish Goswami 

SyRoCo 1994
(29)

ICRA 1996
(158)

Google scholar citations 
in parentheses
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Compass Gait (1993-1997) 

 

Ambarish Goswami 

ICRA 1997
(59)

Journal of 
Autonomous Robots 1997

(239)
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Compass Gait (1993-1997) 

 

Benoit Thuilot 

Bernard Espiau 

Ambarish Goswami 

INRIA Report 1996 (178) IJRR 1998  (278)





Early results:  Intuitive -> Exact 

Espiau and Goswami:  

“Compass Gait Revisited” SyRoCo 1994 

Compass Gait Limit Cycle,  

(JAR 1997, IJRR 1999) 

(Orbital stability) 



Stability and “phase fluid” 

(IJRR 1998) 





Period doubling, chaos and bifurcation in compass gait 

(Concurrent work by Ruina’s group at Cornell University, who shared proposal preprints with us!) 







(IJRR 1998) 

Chart of successive bifurcations 



(IJRR 1998) 

Dramatically!!

Dampers improve gait stability 
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! Is it true that there is only one passive limit cycle for a given slope? If so, why? 

 

! Existence of limit cycle: there are three energy quantities that determine the gait,  

 a) PE lost due to descent,  

 b) KE gained 

 c) KE lost due to impact.  

! These are the necessary conditions. What are the sufficient conditions? 

 

! Even when we know there is a limit cycle why is it so hard to find it? 

 

!  Integrate springs and dampers to compass gait and search for passive limit cycles
  

 

! Investigate the impact model. Has anyone tried to verify this experimentally? 

 

 

Unknowns of Compass Gait 
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! What is the basin boundary of a limit cycle (both for state perturbation and parameter 
perturbation) 

 

 

 

 

 

 

 

 

 

 

 

! Are there fundamental differences between effects of state error and parameter error? 

! Size of basin of attraction seems to be much larger along the direction of the velocity 
states than that along the position states, similar behavior observed in other hybrid 
systems. What is the explanation? 

! Two different stability characteristic: Size of attraction basin and strength of contraction 

! Chaos and bifurcation are observed in passive gait – so what? 

 

 

 

Unknowns of Compass Gait 

Need to identify this region



Work continued by others… 



Prof. Fumihiko Asano
JAIST, Japan





Theses following our work… 









Papers that have been published following our work… 

















Moon and Spong, 2010



Hardware building… 
(most surprising for us) 











Cornell Ranger, Dynamic Walking 2010 



Poitiers, 1995Capri or Naples, 1994

Strong in science. 

Honest, fair, humble, friendly… 

Collaborations: 

Guy Bessonnet  

Carlos Canudas de Wit  

Bernard Brogliato 

Philippe Sardain 

Thierry Pozzo 

Jean-Pierre Blanchi 
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Thanks! 
Ambarish Goswami 

www.ambarish.com 


