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{ 1 }=Introduction ~ 3 }—Control Architecture N~ 5 }=Joint Control & Prototype Development
Despite many efforts in the development and control of two-legged robots, nature's » Hierarchically structured: divided in three biologi cally inspired layers [7] w w Cascaded controller structure
solution of _u__omQ <<m.__A_3© 1S still CDGQCQ_GQ. Both the mechanical side and neural control . _Doﬁmmm:\d@ abstraction level: no need to Process fu Il sensor data on I_Q_\dm_, levels mnomhmf it u To_ﬁo_mwg i u ¢ Two .ﬂoﬁ_<® controllers with _JUCﬁw
surpass what robotics research has come up with.  Robust: pre-stimulated but not activated reflexes & (position and torque) .
. . . . . t : : Slave speed controller with no input
* No exploitation of natural dynamics / elasticities * Low latency: locality, closed coupling (reflex actuator) position speed torque motor . .
. controller controller [ i ] controller ¢ _BU_m_\Sm_\:ﬂmQ on Um_U <<__“3 ”_. ms OV\O_m time
« Unnatural motions [rpm] : :
. High ¢ q tational d q ) . [angle ] L « Weighted sum allows adjustment of
i ig mﬂmav\ costs M_: QoOB_wuc_.m ional demands “Brain” stiffness:
OW O Cmﬁsmmm and adaptability : VS. e a  High level system coordination _ weight © torque ..., Wweight ¢ torque ...
* Needs Q<:m3_o.38_m_ Aom: :m<ﬂ _.um.mx:mcmgmv ! - Implemented in skills torque = weight ., weight ,,
* Only morphological and kinematic imitation E E « Each skill is responsible for specific system state |
. Sensor information very abstract and sparse Experimental results

* Admittedly rather cool mechanics optimized for the task
* Heavily exploits natural dynamics
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“Spinal Cord”
« Stores ma.mq.@v\ In m_mm:.o ooBco:m.:ﬁm o .ﬂ_v.qm:m_mﬂmm high level decisions B i _ N * Desired position constant
) m.m:-mﬁm_u.___NS@ rom:_mm of m_mm.:o elements « Coordinating the reflexes (state machine) N « Changed weight :0.25 0.5 0.7
« Hierarchical control: Brain  Spinal Cord Motor Neur ons . ) - Stimulation of reflexes in muscle group ”
 Distributed and spatially related subsystems reduce signal
density and parameters ) ) Single leg demonstrator
 Works despite relatively slow signal transfer and Stand Push-off i _<_c.mo_m Group | « Human-like (total length: 97.2 cm)
computation units « Tight sensor actor coupling - Validation of control-concepts
s « Full sensor information available - Performing cyclic squat jumps:
* Direct hardware interface - Highly dynamic motion
\ / « Favors torque over position control i . :
—Amv\ Features of OOBO@Uﬁ . Position || Torque * Activity correlated to weight of joint controller ° >ﬁ_mmﬁmmwmwmq%_m_cMM%:MMMOOMH%MM::MJMW _mﬂmn”_wﬂcco rt
s Controlier g Controller motors in push-off phase
Exploit passive system dynamics [1] | Embedded System
- Suitable mechanics necessary (compliance, low frict jon joints, masses, ...) * CAN Interface Vertical slider and actuator
« No pre-calculated joint trajectories » Joint controller implemented on DSP - No need for active balancing
- Active feed-forward control to shape system behavio r, modulated by * Physically distributed ¢ Shrunk-on-disk motor (max. 400W)
phase/commands « Located in direct proximity to sensors and actors « Low gear ratio (32:1)
Natural gait, energy efficient, reduced control eff ort, still controllable ,w * Allows passive compliance
Hierarchical structure similar to human motion cont rol Gk
« Temporal and spatial synchronization i Different foot setups
* Phase-dependent stimulation and modulation | | mxﬁumﬁ_ Bmsﬂm Q.JQ _Nm.q_mxmm \ * Modular concept to change and test
« Control units are local and distributed different foot setups:
Reduced complexity, no elaborate robot/world model mowj o owj B S _ucmmsom reflex (torque controller) - Rubber hemisphere |
2, . « Stimulated after squat position arrived - Mechanical foot with adjustable stiffness
Motion emerges from feedback + feed-forward C e wmema - wema o Accelerates leg until liftoff (max. torque) - Commercial prosthesis foot (Otto Bock)
* Reflexes add tight sensor/actor coupling, dependent on current phase m,a j  os) 7 s} [ ) \\/ | N
- Feed-forward by local torque impulses e e e e i et e Inflight reflex (position control)
-« Temporal synergies of cooperating joints £ B R | - Stimulated after liftoff .
5, L \{M - Tries to reach adequate landing position OO_JO_CW_OS QSQ OCEOO—A

Fast responses to stimuli, adaptability, robustness
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Embedded in behavior-based framework iB2C may . >\\ g7 » 7\\\ s/ N\_ Touchdown reflex (torque controller)
me « Easy and transparent fusion of control units %1 A % I % O « Stimulated after liftoff A control concept for dynamical repeated cyclic jum ping has been suggested. Based on
~ « Common interfaces, mature development tools [5] g : j S R A o - Decelerates leg after touchdown the findings in biomechanical and neural research, a hierarchical network of reflexes is
. I . . - 0.5 N R B 8 0.5¢ R = - 0.5¢ . . . - . . .
\Eb\msmsN. Q\.. \.mmN.:\\mm EQM-W\G\mv :Q mQQ\N\Q:m\ _\_\Q\\\A Q\\N m\\w\ﬂ\\mﬂ\g\\w m o‘_ . : oA ﬁ/ ; oA . : Qmm_ajmﬁ_. I_I_Jomm OO—J._”—.O_ C—J_.ﬁm m.q.m Qm—._<mﬁ_ m.m. ._"q.OB 30._”_03 m:g cho_m m.o.ﬁ_<_._”< m:m_V\m_m.
= fime [se] fime [se] fime [sec] Squat reflex (position controller) but can also be found by mathematical optimization. First tests with the compliant joint
Joint Groups ) .
- . B How to find control units [6] Stimulation, Activity and Target Rating of « Stimulated after Impact controller are _.umzno::mn_ on Em. real :maémq.m. .
stimulation, modulation " _ . it L Y Sno farg J . i, Future work will focus on realizing the cyclic jump motion on the prototype leg. The
. ; . - Reexes | « Analysis of muscle activities, undisturbed jumping cycle « Adjusts squat position : "y . » :
. ! ' ! —— kinematical and kinetic data intent of this is to adapted the control concept to the environmental conditions of a real
s FSMs % Phases % Skill % | woror ] . Sometimes semantic interpretation Impact preflex (torque controller) robot.
; : | | \ ‘, 7 possible - Stimulated after liftoff plus time constant Selected references
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