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CRAM

• CRAM: Cognitive Robot Abstract Machine

• Hybrid cognitive architecture (symbolic and sub-symbolic representations and processes)

• Introduced by Michael Beetz in 2010

– developed significantly since then based on several research projects

• Designed to address robot manipulation tasks in everyday activities

– tasks that would typically be carried out by people in household settings, e.g. in a kitchen. 
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Everyday Activity Science and Engineering
www.ease-crc.org

https://www.youtube.com/user/agkiunibremen
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EASE Milestone Meeting, September 2020
http://www.open-ease.org/
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Design Principles

Implicit-to-explicit manipulation: “fetch the spoon and put it on the table”

Vaguely-stated 
high-level goal 

Specific low-level motions
required to accomplish the goal
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Design Principles

Implicit-to-explicit manipulation: “fetch the spoon and put it on the table”

Mapping is accomplished using a generative model:
Tightly-coupled symbolic and sub-symbolic knowledge representations

of the robot, tasks it is performing, objects it is acting on and environment in which it is operating

Vaguely-stated 
high-level goal 

Specific low-level motions
required to accomplish the goal
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Design Principles

Vaguely-stated 
high-level goal 

Specific low-level motions
required to accomplish the goal

Requested by another agent 
or self-generated

Success in accomplishing the goal is evaluated 
in the same space as that in which the goal 
was formulated, i.e. the perceptual space

Constraints at the general high-level 
are propagated to the low-level execution
in the mapping

Implicit-to-explicit manipulation: “fetch the spoon and put it on the table”
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Design Principles

CRAM focusses on abstract specification of robot actions that are underdetermined

– The action specifications are framed in terms without all knowledge required to complete the action 

 e.g “fetch the milk and pour it in the bowl”

– The knowledge required to complete the action is resolved at run-time during plan execution 

– by querying in real-time a multi-element knowledge-base

• Prior knowledge

• Current world states
• Robot’s sensorimotor state
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Design Principles

The control program is stated as a generalized action plan

– One plan for each category of underdetermined action description, e.g. fetch, place, pour, cut, ... 

– The plan can be executed

– The plan can be reasoned about and transformed

• Self—programming

• Development and self-improvement through automatic generation of new plans
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Design Principles

The control program is stated as a generalized action plan

Generalized
Action Plan

3-step refinement process:
 contextualization

Identify the values of the parameters to the motion plan that maximize the likelihood that  
the associated body motions  successfully accomplish the desired action

This is the key concept in CRAM The motion parameter values are 
provided by the generative model

Motion Plan
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Design Principles

The control program is stated as a generalized action plan

Generalized
Action Plan

Perform an underdetermined action description

Execute (i.e. interpret) a generalized action plan

Resolve a high-level action designator in a generalized action plan (explained in next few slides)

This is the key concept in CRAM The motion parameter values are 
provided by the generative model

Equivalent

Motion Plan
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J Randall Flanagan, Miles C Bowman, and Roland S Johansson. Control strategies in object manipulation tasks. Current opinion in neurobiology, 16(6):650–659, 2006. 
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Motion Plan

J Randall Flanagan, Miles C Bowman, and Roland S Johansson. Control strategies in object manipulation tasks. Current opinion in neurobiology, 16(6):650–659, 2006. 
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