Pixel Reasoner: Overview

Pixel Reasoner

This image shows a desk setup where ...

Question: Whers to b lik The question asks for a mug. It is likely located
uestion: Where to buy a mug like

thite Basad i it oo on the table, so | will look closer at ...

The mug is on the right upper corner.

| need to look closer at the logo on it.

oAnswer: This mug is from \boxed{Starbucks}.




Pixel Reasoner: Overview

* How to enable VLLMs to process multimodal inputs for better

visual understanding?

* We focus on 2 visual operations: zoom-in and frame

selection

* We propose a two-stage training method which involves

instruction tuning stage and reinforcement learning stage.



Pixel Reasoner: Data Pipeline

[ 5y wrong bbox_2d:
D> m [1050,775,1400,850]

Seed Data Localize
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selected_frames:
[2,3]

wrong selected_frames:

Expert Trajectory Synthesis

GPT output

Analyzing the whole image: The image shows a
scene on the street...

Analyzing the cropped part: The cropped image
focuses on the signboard...

Single-pass trajectory

<image> The image shows a scene on the
street...Now | will zoom in...
crop_image([1000,1300,1250,1550])<image>The
cropped image focuses on the signboard...

Self-correction trajectory
<image> The image shows a scene on the

street...Now | will zoom in...
crop_image([1050,775,1400,850])<image>The
cropped image doesn’t contain the target, | will
zoom In again...crop_Image([1000,1300,1250,1550])
<image>The cropped image focuses on the
signboard..,

[13,14]

GPT output
Analyzing the whole video: The video shows a man
sitting in a room...

Analyzing the selected frames: The selected frames
focuses on man picking up food...

<video>The video shows a man sitting in a
room...Now | will select frames.. select_frames([2,3])
<image><image>The selected frames focuses on the
man picking up food...

Self-correction trajectory

<video>The video shows a man sitting in a room...Now
| will select frames.. select_frames([13,14])<image>
<image>The selected frames don't show what the
man is picking up, | will select
again...select_frames([2,3])<image><image>The
selected frames focuses on the man picking up food...



Pixel Reasoner: Instruction Tuning

* Textual Reasoning

« Mixed some data without visual operations.

» Enables adaptive choice between pixel-space and textual reasoning.
* Loss Masking

* Apply loss masks on execution outputs and erroneous operations.

* Prevents model from learning incorrect actions.



Pixel Reasoner: Curiosity—driven RL

-T'!(X: y) = T(X? }’) =G # Icuriosity (X: y) k¢ "penalty (y)f
where  reuriosity (X, ¥) = max(H — RaPR(x), 0) - 1pr(y)

Ppenalty (¥) = min(N — nyo(y), 0)



Pixel Reasoner: Performance

Table 1: Our main results on the four evaluated benchmarks.

Model Size  V* Bench TallyQA-complex MVBench-test InfoVQA-test
Metric Acc Acc Acc ANLS
Models w/o Tools
GPT-40 - 62.8 73.0 64.6 80.7
Gemini-2.0-Flash - 73.2 73.8 - 86.5
Gemini-2.5-Pro 5 79.2 74.0 - 84.0
Qwen2.5-VL 7B 70.4 68.6 63.8 80.7
Video-R1 7B 51.2 42.6 63.9 67.9
LongLLava 13B 68.5 64.6 54.6 65.4
Gemma3 27B 62.3 54.3 56.8 594
Models with Tools
Visual Sketchpad (GPT-40) - 80.4 - - -
IVM-Enhance (GPT-4V) - 81.2 - - -
PalLI-3-VPD 5B 70.9 - - -
SEAL 7B 74.8 - - _
Pal.I-X-VPD 55B 76.6 - - -
Ours (Initialized from Qwen2.5-VL-7B)
Pixel-Reasoner 7B 84.3 73.8 67.8 84.0
Ablation Baselines (Ablated from Pixel-Reasoner)
‘Warm-Start Model (w/o RL) 7B 79.0 67.9 59.0 74.3
RL w/o Curiosity 7B 81.1 71.8 66.4 80.7
RL w/o Warm-Start 7B 81.7 722 65.6 81.2

RL w/o Correction-Data 7B 80.1 69.8 63.6 78.2




Rate of Pixel-space Reasoning (RaPR)

Pixel Reasoner: Some Analysis

Rate of Pixel-space Reasoning Visual Operations Error Rate
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