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Introduction

In this paper, we propose CG-MLLM, a novel Multi-modal Large Language Model (MLLM) capable of 3D captioning and high-
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resolution 3D generation in a single framework. Leveraging the Mixture-of-Transformer architecture, CG-MLLM decouples

disparate modeling needs, where
P the Token-level Autoregressive (TokenAR) Transformer
handles token-level content,
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Please use the following
caption to generate 3D
spatial content: "A 3D
model of a button
mushroom."

Please use
the following
image to
generate 3D
spatial content:
<image>

Please tell me what is in
this rendered 3D scene in
detail: <image>

Please tell me what is in
this 3D scene: <mesh>

The image shows a 3D
rendering of a red and
white sneaker. The
sneaker has a red upper
with white accents,
including a large white
"N" on the side. ...with a
low-top design and a
lace-up closure

Sneaker with white sole,
laces, and branding
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Generation Results

1 Zhejiang University 2LIGHTSPEED

Both quantitative and qualitative experiments demonstrate that our approach achieves the best performance among
the compared MLLM-based methods, while attaining quality comparable to non-MLLM methods.

Input Ours SAR3D ShapeLLM-Omni Michelangelo Craftsman Hunyuan3D-2.1 Trellis SAM3D
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Orange LEGO-style
helicopter with a white
cockpit, four-blade main
rotor, two-blade tail rotor,
white landing skids, and

orange tail featuring a
perpendicular fin.
Low-poly double bass with

a large, symmetrical
wooden body.

Method p-FID| p-KID| CLIP-IQA+t MUSIQT CLIPfT User Study?t
Non-MLLM-Based

Michelangelo 17.96 0.56 0.45 71.42 84.08 2.60
CraftsMan 14.09 0.40 0.45 71.09 84.86 3.15
Hunyuan3D-2.1 16.80 0.53 0.47 71.20 85.11 3.15
TRELLIS 7.36 0.12 0.44 66.97 84.13 3.28
SAM3D 33.92 1.13 0.47 70.21 84.67 3.45
MLLM-Based

SAR3D 30.07 1.00 0.42 66.01 82.86 2.93
ShapeLLM-Omni  13.11 0.29 0.37 55.71 84.18 2.30

Ours 12.55 0.27 0.45 71.65 84.47 3:32




Understanding Results
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An interesting observation is that, although no dedicated object-understanding dataset was introduced on the vision side, the
model's comprehension of 3D rendered images improved in tandem with generation training. (Qwen3-VL-2B vs. Ours-2B)

A plausible explanation is that, in order to "understand an image for generating its 3D counterpart," the model is implicitly forced
to acquire spatial reasoning over images, its understanding capability is bootstrapped by the generation objective.

Model BLEU-11T ROUGE-L1T METEOR?Y
3D latent Inputs

3D-LLM 16.91 19.48 19.73
PointLLM-13B 17.09 20.99 16.45
ShapeLLM-Omni-7B 18.51 21.37 19.89
Image Inputs

InstructBLIP-13B 4.65 8.85 15.23
LLLaVA-13B 4.02 8.15 12.58
Qwen3-VL-2B 313 121 11.92
Ours-2B MOT 13551 1913 14.28
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Inference cost as a function of 3D-token length . . Training cost vs. #3D tokens (8 GPUs, 20,480 tokens / GPU)
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HY2.1-VAE MOT LLM Backbone #Tokens p-FID | p-KID |

X X Qwen2.5-0.5B 512 53.66 1.76
v X  Qwen2.5-0.5B 512 4491 1.42
v v Qwen2.5-05B 512 30.60 0.77
v v Qwen3VL-2B 512 15.61 0.43
v v Qwen2.5-0.5B 4096 16.57 0.53
v v Qwen3VL-2B 4096 12.55 0.27




