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Layered Architectures

• “Shakey” the Robot
1966 – 1972, 
Stanford Research Institute



Layered Architectures

• “Shakey” the Robot
Layered Design

Nilsson, N. J. 1984. Shakey the Robot. Technical Report 323, SRI AI Center.
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Layered Architectures

• Debate from Rodney Brooks

- “The idea of planning and plan execution is 
just an intuition based decomposition. There is 
no reason it has to be that way.”

- “Plans provide a useful level of abstraction 
for a designer or observer of a system but 
provide nothing to a robot operationally.”

Brooks, R. A. 1987. Planning is Just a Way of Avoiding Figuring Out What To Do Next. Working Papers WP-303, MIT AI Laboratory.
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Layered Architectures

• Solution from Rodney Brooks:

the Subsumption Architecture

Brooks, R. A. 1991. New Approaches to Robotics. Science, 253(5025): 1227–1232.
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Layered Architectures

• Solution from Rodney Brooks:

the Subsumption Architecture

• What happened after years?

Not too much progress.
Most modern robots stay with layered 
architectures.
But the gap between layers remains.

Sense

Plan

SMPA/SPA paradigm 

Act



LLM for Robotics

• New technique recently?

Large Language Models for robotics.
   Majority of current work: in the planning layer. 

1 Huang, W , et al. 2022. Language Models as Zero-Shot Planners: Extracting Actionable Knowledge for Embodied Agents.
2 Ahn, M , et al. 2022. Do As I Can, Not As I Say: Grounding Language in Robotic Affordances.
3 Singh, I. et al. 2022. ProgPrompt: Generating Situated Robot Task Plans using Large Language Models.

Zero-shot Planner 1 SayCan 2 ProgPrompt 3



LLM for Robotics

• A summary of many current work

  But these tasks are not yet linked with low-level 
actuator execution.

• What we look for
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Scope and Idea

• Manipulator primitive tasks, typically contact-rich.
• LLM-based approach
• Input: a natural-language-described manipulator primitive task.
• Utilize: task frame formalism (TFF)
• Output: a set of position/force set-points in the task frame.

wipe table?

joint 1 +10°, 
joint 2 -20°,
joint 3 +5°,
…

LLM

TFF 
setpoints

Control 
algorithm

Our focus Already well-studied in
hybrid position/force control 



Recap: Task Frame Formalism

• A classical concept originated in [Mason, 1981].
• A frame specified on the manipulated object, 

robot-agnostic. 
• 3 translational directions, 

3 rotational directions, 
to be either position controlled/force controlled.

Mason, M. T. 1981. Compliance and Force Control for Computer Controlled Manipulators. IEEE Trans. Syst. Man Cybern.

Captured from Mason’s paper



Approach: Overview • Program-function-like prompt
• Task-frame-formalism-based representation
• Few-shot inference

LLM

A 3-shot prompt example

LLM Output



Approach: Breakdown

LLM

A 3-shot prompt example

LLM Output

coordinate in task frame formalism

activate directions in task frame formalism

position or force controlled?

manipulator primitive task name

generate for a new manipulator primitive task



Preliminary Evaluation

• Evaluated in 30 manipulator primitive 
tasks* in July 2023.

• Overall correct rate

• Task correctness in 5-shot test.
blue: correct, red: incorrect

* Among them, Task No. 1-20 are selected from [Paulius, D, et al. 2020. A Motion Taxonomy for Manipulation Embedding. RSS.],
    Task No. 21-30 are created by us. 



Ground Manipulator Primitive Tasks to Executable Actions
Using Large Language Models

Take-Aways

• Recent work sharing similar motivation in applying LLMs for low-level 
actions, but different in approach and application domain:



Ground Manipulator Primitive Tasks to Executable Actions
Using Large Language Models

Take-Aways

• This work was presented in IROS Detroit late-breaking results.
Some feedback to share:

- Why Python?
- Numerical values make sense?
- Any world state?
- Evaluation metrics?

Thanks!
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