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Figure 1: DELEGACT ’s human-in-the-loop pipeline for task-level human–robot collaboration. (1) An expert performs a
narrated manual assembly. (2) A vision–language model extracts structured steps and atomic subtasks grounded in video
frames and transcript. (3) A language model proposes human–cobot task allocations based on robot specifications, operator
competencies, and bill-of-material constraints. (4) An interactive interface supports inspection, editing, and coordinated
execution with triggerable cobot actions.

Abstract
Industrial assembly is shifting toward human-robot collaboration
(HRC) to leverage the complementary strengths of both agents.
However, traditional task allocation referred to as the Robotic As-
sembly Line Balancing Problem (RALBP) remains labor-intensive
and often lacks transparency. We introduce DELEGACT, a frame-
work designed to produce workable, intelligible human-cobot task
allocations. The framework uses a Vision-Language Model (VLM)
to extract atomic operations from expert demonstration videos,
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then employs a Large Language Model (LLM) to delegate these
tasks based on robot specifications, operator competencies, and
material definitions. We provide a proof-of-concept prototype and
preliminary testing on illustrative cases. Results demonstrate the
system’s ability to reason about complex constraints such as preci-
sion, weight, and ergonomics. This paper illustrates how off-the-
shelf foundation models can automate HRC decision-making via
a human-in-the-loop paradigm while preserving operator agency
and understanding.

CCS Concepts
• Human-centered computing→ Human computer interac-
tion (HCI); Interactive systems and tools; Collaborative inter-
action; Human computer interaction (HCI); • Computing method-
ologies → Multi-agent systems; Learning from demonstra-
tions; • Computer systems organization→ Robotics.
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1 Introduction
Industrial assembly increasingly involves close collaboration be-
tween humans and collaborative robots (cobots). Human workers
contribute skill and situational awareness, with cobots support-
ing this work by taking on physically demanding or repetitive
actions and executing motions consistently under well-defined
conditions [17]. Given these complementary contributions, many
manufacturing settings focus less on full automation and more on
human–robot collaboration (HRC), in which tasks are distributed
to build on the strengths of both partners [14]. In this approach,
humans retain oversight and judgment and adapt the process when
needed. This perspective aligns with broader shifts toward human-
centered automation in Industry 5.0, which prioritize worker well-
being and agency while supporting production systems that remain
effective as conditions change [3, 13].

A key challenge in HRC is coordinating work at the task level:
deciding which steps should be performed by the human or the
robot, and in what order. These decisions must account for practical
constraints such as safety, tooling, part handling, and the abilities
of both agents. In industrial contexts, this problem is often studied
through the Robotic Assembly Line Balancing Problem (RALBP) [7,
15]. However, creating effective task allocations remains labor-
intensive and highly context dependent [2, 4, 16].

Prior work addresses these challenges through decision-support
and planning pipelines. For instance, Gjeldum et al. [12] compare
allocations using criteria such as performance and ergonomics,
while Chen and Pan [6] generate collaborative plans by modeling
feasibility, reachability, and safety. Although these approaches can
produce workable allocations, they often require detailed task rep-
resentations and explicit constraint modeling. Related HCI work
such asWeBuild [8] similarly supports delegation in assembly tasks,
but assumes that structured step descriptions are provided manu-
ally. This motivates methods that can produce initial task lists and
delegation plans from higher-level evidence such as demonstra-
tions and natural-language descriptions. At the same time, shifting
delegation decisions to automated systems increases the need for
transparency and operator control: workers must understand rec-
ommendations, intervene when needed [1, 5], and retain the ability
to intervene and adjust task allocations through explicit control
mechanisms [10].

To lower the effort of producing initial task structures and alloca-
tions, recent work uses large language models (LLMs) to generate
collaborative plans from high-level inputs. PlanCollabNL [9] de-
rives sub-goals and allocation recommendations from abstract goals
and agent conditions, while RoCo [11] refines multi-agent plans

through iterative dialogue and environment-based checks. How-
ever, much of this work assumes that task steps are already available
in a suitable representation for delegation. This suggests a prac-
tical next step: converting narrated demonstrations into atomic,
delegable task units and producing allocations that operators can
inspect, revise, and override during collaboration.

We present DELEGACT, a prototype that aims to lower the
barrier to creating task-level human–robot collaboration plans for
industrial assembly. Instead of requiring users to author formal task
models or detailed constraint specifications, DELEGACT starts
from a narrated demonstration and generates a structured task list
with a proposed split of responsibilities between a human worker
and a cobot. Delegation decisions are informed by readily available
contextual inputs, including product information from the bill of
materials, robot specifications and limitations, and operator compe-
tencies. The system is designed to support intelligibility and user
control by exposing intermediate outputs and delegation rationales,
enabling operators to inspect, correct, and override decisions before
execution. This framing positions automation as an assistive step
in collaboration design, supporting faster initial planning while
maintaining transparency and agency.

DELEGACT contributes (1) a delegation pipeline that com-
bines VLM-based task extraction from narrated demonstrations
with LLM-based human–cobot task splitting, and (2) an interac-
tive prototype that supports inspecting, editing, and regenerating
delegation proposals while preserving operator agency.

2 System Overview
DELEGACT supports task-level human–robot collaboration by
turning a narrated expert demonstration into a task assignment
plan that users can review, along with step-by-step work instruc-
tions. The system takes two main inputs. First, it uses a video of a
skilled operator performing the assembly manually while explain-
ing their actions aloud. Second, users provide supporting context
about the human worker, the cobot, and the product. This includes
operator competencies, robot capabilities and constraints, and a
bill of materials with relevant part properties. Figure 2 provides an
overview of DELEGACT ’s pipeline from the narrated demonstra-
tion to task extraction(e.g. Pick up), task assignment, and instruction
generation.

Step 1: Atomic task extraction. AVLM/LLM pipeline segments
the narrated demonstration into steps and refines them into atomic
tasks that can be assigned to either the human or the cobot. Atomic
tasks are single, self-contained actions, and the system continues
splitting steps until this level of granularity is reached. The interface
then shows where each step begins and ends so users can review
and correct the segmentation. See Figure 2a.

Step 2: Task assignment using human, robot, and product
context. The system assigns each atomic task to either the human
or the robot. These assignments use the operator’s competencies,
the robot’s capabilities and constraints, and product specifications
from the bill of materials, including part size, weight, and material
properties. For each task, the system proposes an assignment that
fits the human–robot team under these constraints.
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