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Robots can't do everything. How can human-robot teams leverage bidirectionally initiatea

dialog to communicate and collaborate better on long-horizon mobile manipulation tasks?

Problem Statement

* Robots today lack capabilities to be deployed autonomously for household tasks.

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).
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Robots often need hur.n.an help to complete complex tasks. Sometimes the human Robot Could you open the package using Hloii/agvk;w;ga;hi:;:glseog ?rgs&e Il Can you please open the package Ok 1 will do that now
wants to perform sensitive parts of a task themselves. the scissors? y o P " and place it on the coffee table? .

+ However, solely maximizing for success rate may cause the robot to ask for human Initiated package Wity ine SESSors, - ' ! . A
help on every step..The robot sh.oul.d instead be helpful and.alleviate human effort. Dialo = Human actlbn‘ ‘

« Collaboration requires communication to distribute work suitably. 9 = ,

» For efficient collaboration, both agents should be able to initiate + act from dialog.
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= There are no scissors on
' the coffee table.

O|< it you brmg the scissors,
| will open the package.
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e I Ask for help when it can't do something.

I'm busy. | hope you put the Thank you, please put Good job! We need to seal the Thank you so much for covering

Ofter to do sensitive steps. Human- tissue and the car in the box. the car in as well. box. Please bring the ribbons here the box and wrapping it!
Say what they don’t want to do. Initiated . 4 — l | |bbons 43 ’ - —
| o | . . . W — N~ | MRobotiaction y~ - Absolutely' y A I maniaction
* This communication and collaboration must adapt to human behavior. For instance, Dlalog ) | «a \ \\ iy /e N
the robot may attempt steps it is less proficient at it the human is unhelpful or busy. =W I% " S )

Problem Formulation

Optimization Problem: Allocate stepsto & or @&l
Maximize task success. Minimize &' effort. Adhere to %' -specified constraints.
Core Problem: Communicate this allocation to @ . Understand &' lang. constraints.

MicoBot Architecture Real (3 tasks) .
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Estimating Human Helpfulness in User Study

A dialog interaction where MicoBot convinces an initially reluctant human to help perform a step itis
incapable of. MicoBot's estimate of human helpfulness (pper) reacts to the latest human language.

—&— Probability Estimate
Human Rejection
Human Acceptance

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

Assemble Toy Car (8 steps) &l : [Brings bowl and package to coffee table.]

__ o P _ \‘_ & : Good job.

Results: Success X Human Effort =

& : There are no scissors on the coffee table.

Cut Open and Pour Package
into Bowl (5 steps)

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

In real human user studies (n = 18), and thousands of rollouts in simulation, MicoBot outperforms a
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pure LLM baseline and all ablations, achieving the best success rate for a fixed amount of human effort. &): ..l can bring scissors so you can open the package...

&' : ...You should bring the scissors AND open the package...
Sim
...I'm unable to use scissors...
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s . = . = . "Could you please open the package! PN —O— % Steps Completed
[bring(9€), open( €, 99), ...] The 99 is on the € .The = is at(x,y)... € - "l want you 1o open it. And pour it t06.” > gl Robot ours 80 - LM OUrs o wethod . R -
9 Random R-init Our Method Ablations @ ...I'll bring the scissors then!
Meta Pl Iterative PI Action Execut @ ™ Comroling for | o R
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o CCHLO @ 4] LLM Baseline o 4o w/o iR'— @ : [Brings the scissors to the coffee table.]
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@T c Al " Al { & &' : Thanks for bringing the scissors.
as Oocation constraints 4 l ﬂ 01 0-
e} % ' | o 0 10 20 30 40 50 0 10 20 30 40 50 _ . .
COder <')\Q}O %e;- g'RG = Map % Steps Done by Human % Steps Done by Human C‘ . ...please open the package with scissors...
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% Mobile Manipulation Actions :
</> Code Executor fold pickplace pour ! & : Ok, | will do that now.
H_init_dialog = True eoe _ E A . l rr\ U S d T T T T
H dialog type = “allocation” </> Constraint relaxation G _B[?EA’\”L ’ ] ‘!’;& Arm + Base H u a n Se r tu y Ratl n 9 S 0.0 0.2 0.4 0.6 0.8 1.0
Constraints_on_G = [l il ] e I o ﬁ Joint Commands Estimated Probability of Human Helping on Robot's Next Request
find best allocation (G) — O silirier O Action Selector — OR Overall User Satisfaction Communicative Ability MicoBot t £
ICODOT outpertrorms a .
' Verbal MICoBot - 11% 28% 50% 11%  MICoBot - 11% 39% 28% 22% P L M dln Ta keawayS
| pure LLM baseline in not
o < LLM - 28% 33% 11% 11% 17% LLM - 28% 33% 17% 6% 17% . .
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1. MicoBot is the first work to enable mixed-initiative dialog for real-world HRI.

COder & 15 30%lkelyto elp '; oo typeié%pond 0 Asked for Suitable Amount of Help Awareness of Its Limitations subjective metrics 2. Mixed-initiative dialog improves real-world mobile manipulation task success
7| action & o i o we e wm S icoBot was favored compared to single-initiative dialog and adaptability to diverse human collaborators.
“respond_to_ H” Q functions - use them to Op‘fn o gl [ g : o do do o b : 0 o 4 a4 Overthe LLM by 78% of 3. MicoBot outpertorms a pure LLM baseline in the real world by leveraging affordance
e Respon t0 & pour the package after though!” % of Ratings % of Ratings participants. knowledge learned from simulation trajectories.

decide next action(..)

Likert Rating (1)
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Expected Effort: —100
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