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Motivation

© Fraunhofer 

This comprehensive Foundation Models Study 
provides:

▪ guidance for those who want to integrate 
foundation models into their pipelines,

▪ information for those who want to explore 
foundation models with a strong focus on robotics. 

We use this knowledge base to guide our industry 
partners. Reach out to schedule a deep-dive session 
into the full report.
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What is a Foundation Model?
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▪ Foundation model:

o serves as a flexible base model capable of 
performing various tasks due to its training on a 
diverse and extensive dataset.

o flexible 

o trained with large scale data  

o zero shot capabilities

o low alignment 

o unpredictable without safety alignment/guardrails

o often requires instruction-tuning or strict prompting 
to execute specific tasks reliably.

▪ Examples for foundation models

o LLMs, e.g. GPT-2

o VLMs, e.g. Gemini

o Foundation models for robotics, e.g. VLA (Vision 
Language Action) like Pi0.6
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What is inside the full Study?
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▪ Curious about the details? 

o Contact us for a private walkthrough of our foundational 
2024 report and our latest 2026 updates!

▪ Literature survey

o Introduced more than 300 references about LLMs, VLMs, and 
Robot Models

o Identified research gaps 

▪ Training techniques and costs

o Detailed explanations of trainings and fine-tunings

o Costs & tips to reduce these costs coming with the foundation 
models 

▪ Pilot tests with foundation models 

o Result replications via official codes 

o Fine-tunings on different datasets

o Testing LLMs and VLMs with different prompts 
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Training Overview of LLMs
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Legend:

▪ RLHF

o Reinforcement Learning from Human Feedback

▪ PEFT

o Parameter Efficient Fine Tuning
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LLM – Large Language Model

© Fraunhofer 

▪ LLMs:

o process texts,

o are the backbone of many different models,

o come in many different sizes,

o are very slow for robots, because token generation is 
not fast,

o can hallucinate, 

o are trained to follow instructions, 

o native arithmetic reliability is limited without external 
tool-use,

o useful for planning, user interaction, code generation, 
information retrieval.
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VLM – Vision Language Model
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▪ VLMs:

o can process text, image, multiple images and 
videos,

o are generally built on top of a pretrained LLM, but 
they can be also natively multimodal, 

o are highly relevant to robotics, 

o are highly beneficial for document retrieval and 
classical computer vision, 

o token generation latency can bottleneck high-
frequency real-time control loops.

▪ Precise millimeter-level 3D spatial reasoning is still 
evolving.
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What is a Robot Foundation Model?
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▪ Robot foundation model:

o VLA's (Vision Language Action) are dominating the field but foundation models have many use cases in robotics beyond 
action generation

o Generating actions to control the robots (still low-level controllers required)

o Trained with diverse data from different robots and tasks

o Currently poses safety risks for unconstrained public deployment

o Able to control many different robots

o Able to consume different input modalities (text, sensory data, vision, point cloud, ...)

o Typically requires domain-specific fine-tuning for reliable execution.
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Types of Foundation Models for Robotics – Our Practically Oriented 

Segmentation
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▪ VLA

▪ Visual Representation Models

▪ High-Level Planning

▪ LLM and VLM as Code Generators

▪ VLMs for Spatial Understanding
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Our Strategic Recommendations for Industry to use Foundation Models in 

Robotics
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• Use RAG (Retrieval-Augmented Generation for Knowledge-
Intensive NLP Tasks, Lewis et al. 2021; see also next slide)

o Leveraging documents in a database to ground answers 
of an LLM

▪ Use LoRA (Low-Rank Adaptation of Large Language Models, 
Hu et al. 2021; see also slide 15)

o Finetuning only a fraction of model parameters to 
achieve near full finetuning performance

▪ Collect domain-specific, diverse robot data

▪ Leverage VLMs for fast PoC vision projects

▪ Use cloud GPUs – (Buying: 8x H100 – 400K, Renting: 8x 
H100 – 120K/year)

▪ Leverage cheaper LLMs

▪ Invest effort in foundation model peripherals

▪ Invest in simulation technologies

▪ Invest in agentic frameworks
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Retrieval-Augmented Generation RAG – What is it?
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▪ The Concept:

o Foundation models are capable, but their knowledge is 
frozen in time because of their fixed dataset. That's why 
retraining the LLM for every new data is not 
feasible. RAG is a concept of enrichment of LLM's 
memory with an intelligent search.

▪ How it Works:

o RAG is starting with your question. The system finds 
most relevant texts in your documents and uses this up-
to-date information to answer you. 

▪ Meaning for Robotics:

o Robot brains can search and reach millions of 
documents without requiring massive GPUs. 
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Retrieval-Augmented Generation RAG – Example
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https://github.com/Cinnamon/kotaemon

https://github.com/Cinnamon/kotaemon
https://github.com/Cinnamon/kotaemon
https://github.com/Cinnamon/kotaemon
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Use Low-Rank Adaptation of Large Language Models (LoRA) When Possible
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▪ The Concept:

o Even fine-tuning a big LLM requires a massive training 
cost. That's why LoRA allows us to train a massive AI 
model in a very short time at a very low cost.

▪ How it Works:

o LoRA intentionally introduces a minuscule number of 
parameters, i.e., 1% of the total network, and trains 
only those. It then merges them with the main network. 
Also, as it is easily pluggable and unpluggable, it is used 
to change the behavior of the AI model. For example, 
you can make it an expert in robot arms, or it can be an 
expert in humanoids, with different LoRA modules.

▪ Meaning for Robotics

o Adapting a robot cell to a new application or to a new 
object is much less expensive.
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Invest in Agents 
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Limitations of Existing Models in Robotics
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▪ Data and Training

o Domain Knowledge Gaps

o Training Challenges

o Multimodal Data Requirements

o Sim-to-Real Gap

o Data Transparency Issues

▪ Requirement Gap

o Spatial Reasoning Limitations

o Inference Time and Latency

o Long-Running Operations
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▪ Robustness and Safety

o Interpretability Issues

o Reliability Concerns

o Safety Measures
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Joint Development Opportunities with You
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▪ Simplify robot programming for complex tasks with LLMs 
(e.g., machine tending, maintenance)

▪ Enable better scene understanding for mobile robots in 
dynamic environments

▪ Integrate LLMs for advanced error handling and 
autonomous recovery

▪ Agentic Robotics implementations 

▪ PoC tests with Teleoperation
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Our Paper at LangRob CoRL 2024 Workshop

Using Language for Teaching Robots to Use Graphical User Interfaces
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What have we done during and after the study? 
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▪ Publications: Published a paper at CASE 2025 and presented earlier works at the CoRL 2024 
LangRob Workshop.

▪ Media: Published in a widely-read Handelsblatt article and contributed to various articles on 
Foundation models and Humanoids.

▪ Industry & Demos: Presented SOTA insights to major industry players at IPAI and executed 
highly successful live validation demos at Automatica.

▪ Proposals: Insights utilized to drive major EU/National proposals as well as industrial project 
acquisitions.
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https://ieeexplore.ieee.org/document/11163852
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The complete Foundation Models for Robotics Internal Report contains 
deep dives, extensive literature reviews, and benchmark data. Contact 
us to schedule a presentation of the full study or to explore joint 
collaborations.
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