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Defining Diversity

We group 3DVG prompts by their targets/an-
chors, attributes, relationships, and other lan-
guage structures.

Find the food storage which does not have a green, rectangular object on top of it.
Target Vert.AnchorColor ShapeNegation Coref.Imperative

Target Reference
• Type (generic, coarse-

grained, fine-grained)
• Coreferences
• Noun phrase position

Anchor Reference
• Type (single, multiple, 

non-object, agent-based)

Attribute Understanding
• Counts (total, target, 

anchor)
• Types

Relationship Understanding
• Counts (total, target, 

anchor)
• Types

Structural Patterns
• Sentence structure (e.g. imperative, inverted)
• Logical operators (e.g. negation)
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Diversity Statistics
• Lexical bigrams

How diverse are existing datasets?
ViGiL3D++ has equal or greater linguistic
diversity than existing scaled datasets.
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The object is under 
the workstation and 

between the cabinets.
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The object is under 
the workstation and 

between the cabinets.
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Caption Scene Graph

The object is under 
the workstation and 

between the cabinets.
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3D-LLM M3DBench, MMScan 3D-Grand, ScanScribe, SceneVerse

How important is the diversity of the 3DVG descriptions we use
for training and evaluation?

Look for a chair that is not 
medium-sized and not 

gray.

Look for the furniture that is the third 
closest to an object which is dark green, 
made of fabric, and located next to the 

bed.

Look for the tallest pillow 
with edges that are not 

rounded, which is next to 
the table.

The picture is on a furniture.

Can VLMs be used for 3DVG query generation?

ViGiL3D++:
1) Use cross-referencing to extract a more consistent scene graph
2) Use constraint sampling for diversity and logical consistency in queries

Sample 
target by # 
and label

Scene Graph Extraction Constraint Sampling

Sample dynamic 
relationships
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The stool is brown.

The stool is between 
two cabinets.

Between two cabinets is a brown stool.
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V3DM Model
We train a model based on 3D-VisTA [9] to
test the utility of ViGiL3D++.

The brown stool is between the 
two cabinets.
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Training on Diverse Data
Training on ViGiL3D++ yields better perfor-
mance on 3DVG benchmarks.

Data ViGiL3D [6] Acc on ScanRefer [1]
Model Pretrain Finetune Acc F1 Uniq Multi Overall
ZSVG3D [8] – – 18.9 12.2 73.9 24.9 34.4
3D-VisTA [9] ScanScribe ScanRefer 15.1 15.1 84.6 48.2 55.2
3D-GRAND [7] 3D-GRAND ScanRefer 16.0 9.2 73.3 33.0 40.8
GPS [3] SceneVerse ScanRefer 24.1 14.7 88.1 46.4 54.5
V3DM ScanScribe ViGiL3D++SR 22.9 15.7 88.7 47.6 55.6

Insights
� Training and evaluating on diverse language

descriptions is important.
� VLMs do not reliably reason about spatial

constraints (preserving consistency and generating
with diversity).

� Encoding intuition about spatial relationships into
concrete scene graphs is challenging due to the
contextual information required.
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