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1. Motivation
(a) Traditional HOID methods

I Traditional Architecture Box : human: <2, 2, 207, 307>
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(b) Our MLLM-based HOID methods
< Chain-of-thought > < Answer >
<Thinking step1> <Thinking step3>
The human <2, 2, 207, 307> is The human is interacting with human: <2, 2, 207, 307>
positioned near the cake <162, the cake using the tool in hand. > cake: <162, 72, 388, 525>
72, 388, 525>, All detected The most likely verb is interaction:
boxes appear to be complete... "decorate" as that aligns with “decorate cake”
_____ <Thmkmg step 2> the action of carefully
I N r h or han dis ) : applying frosting around the . )
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1 LM cake ... appear to be applying <Thinking step4>

HOI-MLLM

decoration or frosting...... Final prediction (JSON) is ...

Traditional HOID methods rely on predefined concepts suffering
from insufficient semantic reasoning, limited open-world
knowledge and weak interpretability.

2. Our HOI-MLLM Framework

(a) SFT with Chain of Thought (CoT)
Input Image HOI-MLLM Structure

Chain of Thought (CoT)
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Visual :
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ncoder ) ld| -
The gesture suggests she is Data
Ld_n Lorw: .. offering food ... <think>
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Input Text

Frozen Parameters

"boxes h": [2, 6, 406, 638],

”boxes o": [146, 33, 545, 595] GT
"object”: ["bear"], Tokens
"verb": ["feed"]
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(b) GRPO-based Post-training
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SFT+CoT cold start & GRPO-based RL

3.Quantitative Results

HICO-DET | mF1 mPre | mRec
| Full Rare N.Rarwane| Full | Full
End-to-End OVD & HOID
HOI-MLLM |24.28 25.75 23.27 | 26.72] 26.26
, R50-DETR for ObJect Detection
PViC [ 28] 28.68 23.61 30.20 25.29 | 44.10
CMMP [[19] 26.08 23.16 26.95 24.40 | 36.64
CMMP7 | 33.24 30.24 34.14 33.24 | 43.52
ADA-CM [20] 28.20 24.64 290.26 27.37 | 35.62
ADA-CM 34.14 31.33 34.98 32.25 [44.69
EZ-HOI I!Ul 27.82 23.25 29.18 26.00 | 36.58
EZ-HOIj | 31.44 29.43 32.04 30.57 | 40.20
HOI-MLLM (ours) 30.32 27.12 31.68 35.71 | 36.21
Oracle Setting
4441 46.49 43.79 39.73 | 61.63
36.55 37.27 36.34 30.74 | 59.22
44.76 46.48 44.25 40.77 | 60.32
39.78 36.24 40.84 36.68 | 53.68
45.81 42.57 46.78 41.97 | 61.39
42.72 3342 45.50 37.82159.48
47.52 43.81 48.62 43.32 [163.24
HOI-MLLM (ours) | 50.61 51.16 49.90 51.37 | 56.47

4. Comparison with MLLMs
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I HOI-MLLM = Gemini-2.5-Pro
B EZ-HOI B Gemini-3.1-Lite
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5.Ablation Results

# | SFT Mixed CoT GRPO | mFI mPre mRec
Al | X X X X 31.31 41.92 27.46
A2 | vV X X X 64.07 71.00 59.46
A3 | vV v X X 66.97 68.66 66.07
Ad| vV v v X 68.10 73.85 63.71
AS| vV v v v 69.28 74.44 65.56

6.Chain-of-though Visualization
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<answer>:

The person <179, 9. 399. 307> is
<tagging, obstructing> the
person <1. 187, 325, 324>.

<answer>:

The girl <1, 18, 428, 638> is
<holding, licking> the spoon
-, <190, 298. 290. 551>.

<think>: The child is holding a
E spoon with both hands, and
@l there is visible chocolate residue
on the spoon and her mouth is
open. Her posture indicates she
might be excited or playful, as
she seems to be about to faste or
eat the chocolate along with
spoon. ..."lick" is appropriate...

2 <think>: They are in a play af @
B baseball diamond, possibly at a
base. They are interacting with
the baseball rule that concerns
sliding or tagging, ... he is likely
trying to "tag" or obstruct” the
other player. The hand position

= and gaze direction reinforce this
= interpretation ...

<answer>:

The person <9. 3. 617, 451> is
<no_interaction> with tie
<169, 268, 242, 414>.

<answer>:

The person <30, 12,414, 419> is
<holding, texting on, reading>
the cell phone <339, 298,419, 367>.

<think>: The detected human
box is not present in image, as it
refers to a "dog", which indicates
a misidentification ... The dog
appears to be standing in a blue
basin filled with water ... Given
this context, the only reasonable
verb would be "no_interaction".

<think>: He is interacting with
the cell phone. The posture
(bending forward and holding
the phone closely) along with the
hand gestures (one hand holding
the phone while the other may

N be tapping or typing) indicates

« he is texting or browsing, ..

Our HOI-MLILM showcases advantages beyond traditional methoa’s
blue indicates open-vocabulary detections, purple reflects open-
world knowledge, red demonstrates reflective reasoning, and green
emphasizes fine-grained visual cues such as posture, gesture.

7.2ero-shot Results

<think> A person uses a handheld
document shredder to shred a sheet
of lined ?Ia per, with strips of shredded <think> A medical professional analyzes dat:

ta on
computer monitors in front of an MRI machine. </think>

Operating computer

paper fa

ing onto the table. </think>
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