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Problem Statement

Robots can’t do everything. How can human-robot teams leverage bidirectionally initiated 
dialog to communicate and collaborate better on long-horizon mobile manipulation tasks?

MicoBot Architecture

Problem Formulation

Results: Success × Human Effort

Human User Study Ratings

Main Takeaways

• Robots today lack capabilities to be deployed autonomously for household tasks.
• Robots often need human help to complete complex tasks. Sometimes the human 

wants to perform sensitive parts of a task themselves.
• However, solely maximizing for success rate may cause the robot to ask for human 

help on every step. The robot should instead be helpful and alleviate human effort.
• Collaboration requires communication to distribute work suitably.

Our system can both initiate dialog (first row) and understand and carry out human-initiated dialog (second row).
Mixed-Initiative Dialog: a paradigm with free-flowing questions and answers from both the human and robot (Carbonell, 1970).

1. MicoBot is the first work to enable mixed-initiative dialog for real-world HRI.
2. Mixed-initiative dialog improves real-world mobile manipulation task success 

compared to single-initiative dialog and adaptability to diverse human collaborators.
3. MicoBot outperforms a pure LLM baseline in the real world by leveraging affordance 

knowledge learned from simulation trajectories.

SimReal (3 tasks)

3 Real World Tasks

Optimization Problem: Allocate steps to  or .
Maximize task success. Minimize  effort. Adhere to -specified constraints.
Core Problem: Communicate this allocation to . Understand  lang. constraints. 

Estimating Human Helpfulness in User Study

MicoBot outperforms a 
pure LLM baseline in not 
only objective but also 
subjective metrics.

MicoBot was favored 
over the LLM by 78% of 
participants.

In real human user studies (𝑛 = 18), and thousands of rollouts in simulation, MicoBot outperforms a 
pure LLM baseline and all ablations, achieving the best success rate for a fixed amount of human effort.
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“I’m able to bring the scissors but can’t 
use them to open the package. I can 

pour the package after though!”
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Inputs: Inputs:

Inputs:

Cut Open and Pour Package
into Bowl (5 steps)

Assemble Toy Car (8 steps) Pack Gift Box (8 steps)

: There are no scissors on the coffee table.

: Good job.

 : …please open the package with scissors on the coffee table.

: …I can bring scissors so you can open the package…

: …You should bring the scissors AND open the package…

: …I’m unable to use scissors…

: …Ok, if you bring the scissors, I’ll open the package…

: …I’ll bring the scissors then!

: [Brings the scissors to the coffee table.]

: Thanks for bringing the scissors.

: …please open the package with scissors…

: Ok, I will do that now.

: [Brings bowl and package to coffee table.]

: Please cut the package and pour it into the bowl.

A dialog interaction where MicoBot convinces an initially reluctant human to help perform a step it is 
incapable of. MicoBot’s estimate of human helpfulness (𝑝ℎ𝑒𝑙𝑝) reacts to the latest human language.
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• For efficient collaboration, both agents should be able to initiate + act from dialog.

Insight: Mixed-initiative Dialog Improves Collaboration

• This communication and collaboration must adapt to human behavior. For instance, 
the robot may attempt steps it is less proficient at if the human is unhelpful or busy.

Ask for help when it can’t do something.

Offer to do sensitive steps.
Say what they don’t want to do.

Robot-
Initiated 
Dialog

Could you open the package using 
the scissors?

There are no scissors on 
the coffee table.

I can bring the scissors for you! 
However, I am unable to open the 

package with the scissors.

Ok, if you bring the scissors, 
I will open the package.

Ok, I will do that now.Can you please open the package 
and place it on the coffee table?

scissors

package Robot action Human action

Human-
Initiated 
Dialog

Absolutely!

Thank you, please put 
the car in as well.

No worries! I’ll happily put them 
in for you.

Good job! We need to seal the 
box. Please bring the ribbons here

When that is done, I will close 
the box and seal it. 

I’m busy. I hope you put the 
tissue and the car in the box.

Thank you so much for covering 
the box and wrapping it!

No worries!
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