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MMScan: A Multi-Modal 3D Scene Dataset
with Hierarchical Grounded Language Annotations
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Overview

Largest Ever Multi-modal 3D Scene Dataset

Dataset #Scans  #Language  #Tokens Correspondence Focus Annotation
ScanRefer [12] 0.7k 11k 1.18M Sent.-Obj. Natural Human
Nr3D [6]] 0.7k 42k 0.62M Sent.-Ob;. Natural Human
Sr3D [6] 0.7k 115k 1.48M Sent.-Ob;. OO0O-Space Template
ScanQA [7/] 0.8k 41k - Sent.-Ob;. QA AutoGen+Human
SQA3D [33] 0.7k 53.8k - Sent.-Obyj. Situated QA Human
ScanScribe [S/] 1.2k 278K 18.49M Sent.-Ob;. Description GPT
Multi3DRef [S2] 0.7k 62K 1.2M Sent.-Multi-Ob;. Multi-Ob;. GPT+Human
EmbodiedScan [47/]] 5.2k 970k - Sent.-Obyj. OO-Space Template
RIORefer [36]] 1.4k 63.6k 0.94M Sent.-Ob;. Natural Human
ARKitSceneRefer [32] 1.6k 15.6k 0.22M Sent.-Obj. Natural Human
MMScan (Ours) 5.2k 6.9M 114M Pharse-Obj./Reg. Holistic GPT+Temp.+Human




Dataset: Meta-annotation

(1) Annotation Ul

Top-down Logic, Human-in-the-loop Pipeline

(2) Annotation Pipeline J

“<guitar_48>"

\@ V|ew Selection
% Object-Anno-Ul

— Manual correction

Selected / Cropped Views

‘f‘?CogVLM ’@ InternVL ¢
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(3) Annotation Result J

J

The description of the object, covering
spatial {geometric shape, pose} and

attribute {category, appearance (color and
texture), material, state, functional use}.

“This guitar is a wooden acoustic guitar with a hollow
body and sound hole. It presents a rich reddish-brown

color, suggesting that it is made of rosewood or cedar.

The guitar leans against the wall, and ..."

J

The annotation result includes both spatial (geometric shape, pose) and attribute
(category, appearance, material, state, etc.) descriptions for the object.



Dataset: Meta-annotation

(1) Annotation Ul J

Top-down Logic, Human-in-the-loop Pipeline

(2) Annotation PipelineJ

Region Segmentation

Region-Anno-Ul

Manual correction

Selected Views with Boxes

ydwoid

(3) Annotation Result J

1. 00-Space: Spatial relationship between object and
object in the region.

{(<obj_id1>,<obj_id2>): spatial relationship, ...}

2. 00-Attribute: Everyday-life functional relationship

between object and object in the region.
{(<obj_id1>,<obj_id2>): functional relationship, ...}

3. OR-Space/Attribute: the role and particularity of the
single/ multiple objects in the region.
{<obj_id>: ...} /{list of <obj_id>: ...}

4. Region-Space/Attribute: the property of the region.

{location and function description:..., ...}

5. Advanced: both Spatial and Functional Questions and Answ
the region.

ersy

The annotation result includes regions’ inherent properties, object-object/region
relationships and advanced QA.



Dataset: Post-processing

Object / Region- level, Single / Inter- target, Space / Attribute
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entities based on the attributes.
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Dataset: Statistic

6.9M Language Annotations & 114M Tokens
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Benchmark

Complex semantic information / 9-DoF box / Uncertain number of GTs

Grounding all electronic products in the
room

Grounding the dark-color picture in
the bedroom

Are these two objects

different in material? look up?

Grounding items used to ensure safety
when going up the stairs

31 sto
32 stool

30 stool
29 stool

How many stools are
there below the table?




Benchmark

Table 1: 3D visual grounding benchmark on MMScan.

Methods Overall Single-target Inter-target
APos ARs5 APs AR5 ST-attr ~ ST-space OO-attr  OO-space OR
ScanRefer [8] 3.85 42.40 1.37 20.96 1.44 2.84 5.22 4.32 112
BUTD-DETR [23] 2.29 65.61 0.84 33.11 4.79 2.04 1.49 1.75 11.87
ViL3DRef [11] 3,17 72.50 2.07 51.61 6.29 4.20 7.89 5.29 6.81
EmbodiedScan [39] 1049 | 47.21 2.94 21.76 7.44 7.93 13.65 11.19 7.74

Table 2: 3D question-answering benchmark on MMScan.

3 Single-target Inter-target Data-driven Metrics Traditional Metrics

Methads setting | Overall |- ST space | OOair  OO-space  OR | 29¥21°d | giCSE S.-BERT | B-l. B4. R MET. EMe@l
3D-LLM [20] 28.6 1.8 18.8 15.7 26.3 15.4 20.8 40.4 40.3 134 15 173 6.0 6.2 (19.6)
Chat3D-v2 [21] Zero-Shot 27.9 38.1 18.3 9.3 224 13.5 254 45.4 46.3 180 30 229 75 10.2 (19.6)
LL3DA [10] 15.8 155 14.7 14.2 25.2 4.3 6.4 40.7 43.6 54 21 164 44 8.3(19.4)
LEO [22] 22.2 28.9 17.6 18.1 204 15.0 16.3 40.4 41.0 110 07 171 4.9 9.6 (18.7)
LL3DA [10] Finefuiin 38.5 40.4 46.2 14.7 47.1 26.4 7.1 65.3 67.0 264 85 443 147 30.2(37.6)
LEO [22] €| 478 55.5 49.5 36.1 45.6 32.1 384 1.2 12.2 32.0 125 521 17.7 36.6(44.5)

We can observe that the new benchmark is challenging due to more complex language understanding.

Our data also shows great importance in tuning current 3D-LLMs to have more satisfactory performance.



Experiment: Scaling Law

Scaling Law for VG and QA Scaling Law compared with Sample Strategy
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On both two benchmarks, models’ performance improve while the training data quantity increase.
Scene diversity matters and scaling up scene diversity is more effective.



Experiment: Training Stronger Models

3D Question Answering Baseline on Traditional Benchmarks

ScanQA (val) SQA3D (test)
Methods B4 R-L.__MET. EM@]I EM@]1
baseline 10.5 39.2 15.1 23.1 (39.0) 51.6 (54.1)
+ meta-ann. captions 10.7 41.2 14.2 23.3(39.3) 52.7 (54.8)
+ scene captions 12.3 46.4 18.1 24.3 (46.6) 53.2(55.4)
+ all captions 12.7 48.1 19.8 24.7 (48.9) 54.1 (56.8)

3D Visual Grounding Baseline on Traditional Benchmarks

Methods HF AP Sveragpr)o
baseline - 37.27 17.78
pre-training X 42.18 21.84
co-training X 42.96 22.77
pre-training v 42.49 22.17
co-training v 44.44 23.69

Both VG/QA baselines have a great improvement after training with MMScan dataset.



Experiment: In-the-Wild Test

Test our models trained with MMScan.

How many white round tables are there?

On top of the end table Two

Where is the plant in the room?



Experiment: In-the-Wild Test

Test our models trained with MMScan.

Can you describe the chair close to the white round table? What color is the chair next to the white round table?

The chairs have grey seats and backrests, which appear to be made of a molded plastic or

composite material with a matte finish. The backrest is also contoured to provide support.




Experiment: In-the-Wild Test

Test our models trained with MMScan.

What is on the blue cabinet?

Microwave

Where can | heat the food? a Sansevieria, commonly known as a snake plant

Microwave

Can you describe the object on the white wooden table?

The object on the table is a plotted plant with variegated leaves, likely




Experiment: In-the-Wild Test

Test our models trained with MMScan.

I’m facing the front of blue cabinet, which direction
should | go if | want to sit on the sofa?



Experiment: In-the-Wild Test

: : Test our models trained with MMScan.
The X is an ergonomically

designed furniture that
provides a comfortable sitting

Find all the items that can
experience. Please find the X.

entertain us in the room.

T—‘

3 V,_ hair
chaF;—’\

| am thirsty. Find all the items
that can help me with it.

Find the orange chair in the
room.




Thank youl!



