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Object Label Reward

Coto= { ‘bench"}

Solution Na=1 Answer N;=2 ) [
Format HOI Key Reward <think> In the image, there is one person laying down on ... </think> "o = 0.500

Ttag: 1 o :1+0 gl oo 7 o o 55 Verb Label Reward
rp:2 P 2 B2+ 12 {"human": bl , "object": bloi, "object cIass":_ﬁ_Ci, "verb class": {¢C11 €12 }}
Wiag = Wp = Wiy =Wio = 0.2 {"human": IA?S, "object": IA?SI, "object class": 68, "verb class": {621 ! C22 }} Cgt,v = {nl'e on"}
Ytormat = 0.75 ] </answer> .
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C, ={"person", "bicycle", "car", "motorcycle", "airplane", "bus", "train", "truck", ...} { 111/2 12} { 2:)/2 22}
Cv = {"adjust", "assemble", "block", "blow", "board", "break", "brush with", "buy", ...}
f7, = 0.250
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[{
"human": [96, 102, 202, 337],

"object": [18, 221, 348, 409],
"object class": "bicycle",
"verb class": "hold, ride, sit on,
straddle"
3 A
"human": [72, 162, 117, 356],
"object": [23, 210, 330, 413],
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Multimodal Large
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Text
Instruction

HOI-R1

Interaction

Box Regression s
Classfication

Thinking

<think>1. There are two people in the image.
2. The people are riding bicycles and
performing a jump. 3. Each person is
interacting with a bicycle. 4. The valid
interactions for the bicycle include: jump,
straddle. </think>

ride

:
S

Answer

<answer>[{"human": [176, 98, 305, 276],
"object": [168, 210, 360, 320], "object class":
"bicycle", "verb class": "jump"}, {"human":
[311, 85, 454, 301], "object": [273, 187, 492,
341], "object class": "bicycle", "verb class":
"jump, ride, straddle"}]</answer>
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Default Known Obj.

Method Training

Full

Rare N-Rare Full Rare N-Rare

Traditional HOID Methods
HO-RCNN[5]
HOTR[10]
HOI-Trans|[20]
QPIC[18]

150k
100ep
150ep
150ep

8.94

20.98
24.14

— MLLM Zero-Shot Baselines —
Qwen2.5-VL-3B -
Qwen2.5-VL-7B
Qwen2.5-VL-32B-AWQ
Qwen2.5-VL-72B-AWQ
Qwen3-VL-4B

Qwen3-VL-8B

Qwen3.5-4B

— SFT or RL Fine-Tuning —
Qwen2.5-VL-3B-SFT
Qwen2.5-VL-3B-SFT
Qwen2.5-VL-3B-GRPO
Qwen2.5-VL-3B-GRPO
Qwen3-VL-4B-S5FT
Rex-Omni-3B[9](HOI-SFT)
Qwen3.5-4B-SFT

lep

lep
lep
lep
lep

12.07
17.53
11.52
14.28
22.73
26.51
30.47

— HOI-R1 (SFT+GRPO) —
HOI-R1-Qwen2.5-VL-3B
HOI-R1-Qwen3-VL-4B
HOI-R1-Rex-Omni-3B
HOI-R1-Qwen3.5-4B

lep+40
lep+40
lep+40
lep440

18.33
23.35
25.24
20.79 30.39

16.03
23.58
22.57

19.02
23.28
26.04
29.60

19.83
25.12
27.00
31.61

HICO-DET IZH [T A LLEHE R (mAP)

<VALID INTERACTIONS> (object: allowed_verbs):

<object class>: <verb class>, <verb class>, -

airplane: board, direct, exit, fly, inspect, load, ride, sit on, wash, no interaction
bicycle: carry, hold, inspect, jump, hop on, park, push, repair, ride, sit on,
straddle, walk, wash, no interaction

Thinking Process:

1. How many people are in the image?

2. What are those people doing?

3. What <object class> in <VALID OBJECT CLASSES> are each people
interacting with?

4. Find existing <verb class> combinations from <VALID INTERACTIONS> for
each <object class>.

EXAMPLE OUTPUT FORMAT:

<think>
reasoning process here
</think>
<answer>
[
{
"human": [x1, y1, x2, y2],

"object" X1, %1, X2, V2],
"object class": "<object class>",
"verb class": "<verb class>, <verb class>, ... "

g

</answer>
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Pollcy Update

Thinking

<think>1. There are two people in the image.
2. The people are sitting on a bench and looki
water.

3. The object class they are interacting with is:
4. The verb class for the bench is: sit on.</thi

Multimodal Large Language Model ->

Knowledge Transfer |

Task Instruction

Teacher

— @\ MLLM

Reasoning Guidance

Format Example
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You are an HOI detection model. Follow this exact structure: f,’sif)cctlgzssr,:éc‘gt'eon
From Detection-Recognition Pipelines To MLLM-Based HOI-R1 i ‘
<VALID OBJECT CLASSES>: Solution
=y <object class>:person, bicycle, car, motorcycle, airplane ...
Tradltlonal MEthOdS f<think> In the image, there are three people. One is cycling on a bicycle, ... </think>\ i b

<think> In the image, there are at least

@ Reinforcement Learning

L@ e

[T A
Group Reward

>

<answer> [HOI_1, HOI_2, HOI_3] </answer>

carry, , walk,

nointeraction

no mteractlon

e mb cycle

Object Label Reward 0.667
Verb Label Reward

HOI IoU Reward 0.729

Format HOI Key Reward 0.867

Answer 1 Total: 2.504

J
Cthink> In the image, there is one person riding a bicycle and one ... </think> B

<answer> [HOI_1] </answer>
. Object Label Reward 0.500
Verb Label Reward
HOI IoU Reward 0.411
Format HOI Key Reward 0.500

Answer 2 Total: 1.494

¥

two people involved: a child and an
elderly woman. The child ...
<answer> [HOI_1, HOI_2] </answer>

~bicycle

Object Label Reward 0.500

Verb Label Reward
HOI IoU Reward

Format HOI Key Reward 0.700

Answer 3 Total: 1.804

</think>

0.520

Verb Label Reward
Object Label Reward
HOI IoU Reward

Format HOI key Reward

+
Answer
<answer> [{"human": [313, 303, 358, 345], "object": [143,
ng out at the 340, 373, 406], "object class": "bench", "verb class": "sit
on"}, {"human": [265, 301, 313, 345], "object": [143, 340,
bench. 373, 406], "object class": "bench", "verb class": "sit on"}]
nk> </answer>

© Supervised Fine-Tuning
m

. There are two people in the image.

. One person is balancing on a bench, While the other is sitting on the bench.

. The first person is interacting with the bench, and the second person is also on the bench.
. For the bench, the valid interactions are: inspect, lie on, sit on

A WN R

. There are two people in the image.

. The people are sitting on a bench and appear to be engaged in conversation.

. The object class they are interacting with is a bench.

. The existing verb combinations for the bench are: sit on, inspect, lie on, no interaction.

A WN -

. There is 1 person in the image.

. The person is sitting on a bench and looking out at the water.

. The person is interacting with the bench and a bicycle.

. For the bench: sit on, lie on, inspect; for the bicycle: no interaction.
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reasoning supervision
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