BEYOND THE BLUEPRINT: CONVERSATIONAL Al AS A GAME-CHANGER
IN MANUFACTURING

Overview: The objective of this Dornfeld Manufacturing Vision Concept is to envision a conversational
artificial intelligence (Al) for manufacturing by integrating GPT-4-like multimodal large-language mod-
els (MLLMs) into the manufacturing processes to transform the manufacturing industry from human-in-
the-loop manual process to an end-to-end cyber-physical system that can aid in communication, process
optimization, and real-time decision making. The ultimate goal is to improve productivity, product quality,
and resource utilization across the manufacturing industry.

Rationale: Traditional manufacturing techniques operate on a lengthy timeline that includes i) concept de-
velopment, ii) CAD modeling with strict tolerances, material properties, and manufacturing constraints,
iii) assessing and optimizing design performance using techniques like Finite Element Analysis (FEA),
iv) material selection followed by process planning and assembly instructions. This pipeline has several
shortcomings - inability to optimize for time, inefficient design process, not allowing extensive design ex-
ploration using CAD, and absence of robust quality assurance practices, among many others.

Large language models demonstrate exceptional understanding and generation of human-like text, offer-
ing numerous opportunities for application in the manufacturing domain. Humans have evolved with the
language being the primary mode of information exchange, and most of the processes described above are
abstractions of ideas expressed differently. The potential applications of large language models in man-
ufacturing are vast. Recent advances in combining language with vision tasks will allow us to train a
GPT-4-like model with multimodal inputs like blueprints of the assembly line layout, CAD drawings, main-
tenance records, and real-time sensor information. The MLLM can then be asked to develop an assembly
line layout that optimizes for constraints like minimizing production time, robust quality assurance, and
efficient resource utilization. For example - an inexperienced assembly line technician could ask the MLLM
to generate a comprehensive assembly manual based on the CAD model and specifications. Furthermore,
engineers could interact with CAD software using natural language, enabling the efficient creation and
modification of designs. This approach allows for the early identification of potential issues and provides
step-by-step fixes in real time, effectively reducing errors and delays. Moreover, these models could accu-
rately predict equipment failures and maintenance requirements, allowing for proactive intervention and
reduced downtime. Its ability to detect and suggest fixes can be utilized to generate training material for
new and existing assembly-line workers.

Challenges: Supporting an end-to-end conversational AI framework that integrates physical aspects of
manufacturing, edge computing, and machine learning would require collaborating with domain experts
in machine learning, manufacturing, and cyber-security. Such systems will integrate physical aspects of
manufacturing along with edge computing aspects.

While the potential of large language models in manufacturing is vast, several challenges must be ad-
dressed to bring this comprehensive vision to fruition: (1) The computational resources required to run
these models are immense, necessitating significant hardware and energy infrastructure investments; (2)
The environmental impact of operating large language models at scale must be considered and mitigated
through advancements in energy-efficient computing and sustainable energy sources; (3) Integrating large
language models into existing manufacturing systems and processes will require seamless interoperability
and adaptability, necessitating the development of robust, flexible frameworks and interfaces; (4) Ensuring
the security and privacy of these models’ data are paramount, requiring robust encryption and access con-
trol measures; and finally (5) the ethical aspects of the proposed system needs to be fully studied to make
sure that it does not make any decision without human acknowledgement.

We believe such an end-to-end cyber-physical framework will be able to virtually represent the entire man-
ufacturing pipeline, respond to user queries using natural language and images, be capable of redefining
traditional workflows, significantly reducing errors and costs, and responding to market demands with
unprecedented agility and creativity.





