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1. MOTIVATION 2. DATASET CREATION

 Collaborative robots must interpret e Customindoor HRI dataset
socially relevant cues, going beyond targeting human interaction
geometric perception to support socially availability.

appropriate interactions. TASK

Who is the most available
individual in the scene?

- * Training recordings vary

* Before initiating an interaction, a robot R i £ —— posture, orientation, activity,
must determine whether a person is @ interpersonal distance and [ One available j
available to be approached, rather than [ — ] social configuration.
only estimating engagement once an

visual tokens ‘ textual tokens

interaction has already started. TTT Inlale * Frames sampled at 0.5-1 fps to

reduce temporal redundancy.

* Multi-person environments make this
decision more challenging, as several * Validation and test sets include
potential interaction partners must be more naturalistic interactions, [ S— ]
evaluated simultaneously and prioritized. [ orientation ] [ Aoty ] [ opjectuse ] unseen participants and

. . [ Proximity ] [ Group configuration ] Varylng llghtlng condltlons' Interqction conditions
* Large VLMs provide strong semantic
understanding but are difficult to deploy On-board VLM for human
on-board, due to computational cost, availability estimation

connectivity dependence and privacy

concerns. 4. RESULTS

None available ]

3. METHODOLOGY

HRI-NaVILA \

* Person grounding: a perception model detects people in the RGB observation and associates
each individual with a numerical ID.

{ "priority": [2, 3, 1], "availability": [1, 1, 0]} | cemini |

ﬂ’erson 2 is available: This individual is isolated, not using any devices (phone, laptop, headphones, book), and is clearly \
oriented with both head and body towards the robot. Among the available individuals, Person 2 is closer to the robot than
Person 3, giving them the highest priority.

Person 3 is available: Similar to Person 2, this individual is isolated, not using any devices, and is oriented with both head

and body towards the robot. However, Person 3 is farther from the robot than Person 2, placing them as the second highest

* Multimodal social reasoning: HRI-NaVILA combines visual features with a textual prompt
encoding the task and social norms to estimate interaction availability in multi-person scenes.

___________________________________________________________ priority.
visual tokens Person 1 is not available: Although isolated and the closest individual in the room, Person 1 is actively engaged with a laptop,
) with their head and body oriented towards the device and away from the robot. This makes them unavailable for
\ k interaction. As the only non-available individual, they are placed last in the priority list. //
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Interaction availabilit End-to-end lat Ful JSON-only
Social norms and textual — 4 +28.53% f o.en arency . -
prompt E— PR F1-score on the test set ellziiive BT Full generation vs JSON-only decoding
VISiO&t?jr;%uage \ / (] — / Standard fine-tuning [ ] J oSt B ( ] ) -
—/ textual tokens | - ) 1.119s
HRI-NaVILA Inference Pipeline
GeForce RTX 3090 ( ] ) 2522
. . . . . . 1 . f N ( ) - ) 0.846's
* Resource-efficient fine-tuning: QLoRA adaptation of NVILA-Lite-2B", performed on a single 90.39% 0.734
NVIDIA Ge Force RTX 3090 GPU. Top-1 candidate selection Mean Kendall’s T
h 7S g [ 3.19x speed-up on Jetson AGX Thor ]
* Task-relevant token weighting: Numerical tokens encoding person IDs and availability labels
. J . J

receive a larger contribution during fine-tuning because errors on these values directly affect the :
robot's decision. Performance improvements

S| VI

LTWCE = ~ 2 2(1 + (A =1 1num(€) - Ywe 108(Fw.e)  HRI-NaVILA achieves performance close to Gemini-2.5-Flash 2 and GPT-5-mini 3 in few-shot
wetest evaluation, while enabling fully on-board inference with a lightweight model.

* Structured decision output: the model directly predicts a priority ranking and a binary
availability label for each detected person, providing the information required for downstream
robot decision-making.

 Compared with FlowAct IAB%, contextual VLM reasoning substantially improves availability
estimation when interaction readiness depends on activities, objects and social configurations
beyond gaze and head pose.

e a e a
HRI-NaVILA Structured output
( ) e N Models Acc. (%) Prec. (%) Rec. (%) Spec. (%) F1 (%) T Topl-acc. FIR(%)
& NVILA-Lite-2B
\ Y { Gemini-2.5-Flash 97.59 95.89 96.59 97.47 06.24 0.7342 91.42 4.01
[ > _ ) ) "priority": [2, 1, 3, 41, GPT-5-mini 05.75 9().92 08.28 94.07 04.46 ().8491 05.88 10.58
| Mo "availability": [1, 1, 0,0] FlowAct IAB 65.74 83.01 10.65 98.66 18.88 0.5125 79.75 1.82
P N / HRI-NaVILA-base 82.28 91.08 57.31 96.59 70.35 (.6150 87.47 4.00
{8 Single RTX 3090 N ) HRI-NaVILA 94.13 93.24 87.77 96.19 90.42 0.7342 90.39 4.38
\ y
- J - J
Resource-efficient adaptation Custom numerical token loss Restricted decoding Interaction condition Acc. (%) Prec. (%) Rec. (%) Spec. (%) Fl (%) T Topl-acc. (%) FIR (%)
f QLoRA fine-tuning on a single RTX Higher importance for person IDs a Generation stops after the Siﬂglﬂ peTson 95.35 81.66 84.48 91.91 83.05 - 100.00 0
3090 and availability labels required JSON output One available 08.62 99.0¢7 98.16 99.08 08.62 1.0000 100,00 0
. . . Group interaction 96.56 %0.36 93.33 7.34 91.30 (0.5823 80.45 6.97
Model fine-tuning and structured decoding No available 95.94 . . 95.94 - 0.6981 84.90 8.49
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