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3D Visual Grounding as Candidate Selection Our Method - QGround

Referring expression 2.1 Overall Framework

“the kitchen cabinets are left of the ovens; the kitchen cabinets are brown rectangles.” Referring Expression:

the kitchen cabinets are
left of the ovens. the
kitchen cabinets are

[Condition Decomposition

— . Target Object Categories:

 cabinet, kitchen cabinet
Verlﬁable Grounding Conditions:

Q1: Is the object a cabinet?

Q2: Is the cabinet brown?

Q3: Is the cabinet rectangle? |

Q4: Is the cabinet located 1n the kitchen?

QS5: Is the cabinet to the left of the ovens?

3D scene

3D candidate objects

Selected target

brown rectangles.

| Q1:0.93 Q2:0.99 Q3:0.81
| Q4:0.99 Q5:-0.52 Score: 3.21

Q1:0.94 Q2:0.99 Q3:0.79
Q4:0.99 Q5:0.89 |Score: 4.60

Top-ranked candidate |

Input scene 4 illustrated proposals the cabinet instance

Q1:0.92 Q2:0.99 Q3:0.81
Q4:0.97 Q5:-0.55 Score: 3.14

Q1:0.74 Q2:0.97 Q3:0.68
i Q4:0.96 Q5:-0.73 Score: 2.63

| Candidates
(target object categories only) (sort by visibility score)

2D Vlews

_________________________________________________________________________________________________________________________

Why Holistic Grounding Decisions Fail

3.1 ScanRefer Val | Mask3D Proposals | Acc@0.5 (%)

Experimental Results

QGround: Condition-Wise Evidence Aggregation for 3D Groundlng with 2D ‘VLMs
\r SMU w7

Method
3D-VisTA
ConcreteNet
SeeGround
ZSVG3D
VLM-Grounder
SeqVLM
SPAZER
QGrouno
QGrouno
QGrounc

Supv.

FS
FS

TF
TF
TF

Backbone

Qwen2-VL-/72B

GPT+4 turbo
GPT4V

Doubao-1.5-pro

GPT+4o

Qwen2-VL-72B
LLaVA-OV-7B
LLaVA-OV-72B

Unique

75.1
32.1
638.9
58.4
29.8
712.7
72.3
72.0
74.3
77.6

Multiple

39.1
38.4
30.0
24.6
33.5
41.3
43.4
41.4
42.9
46.0

Overall

45.8
46.5
39.4
32.7
32.8
49.6
48.8
47.3
49.0
52.2

FS =fully supervised | TF =training-free

Matched Qwen2-VL-72B: +7.9 pp vs SeeGround

2.2 Three Design Rules 3.2 Nr3D Val | Ground-Truth Candidates | Acc. (%)

Referring expression. “the cabinet is below two screens, the cabinet is brown and rectangular.”

Method Easy Hard Dep. Indep. Overall
11 Holistic Set Selection Cor?c.htlo.n—\/\ﬁse CATEGORY ATTRIBUTE RELATION SeeGround 54.5 38.3 42.3 48.2 46.1
' Verification VLM-Grounder 55.2 39.5 45.8 49.4 48.0
o Q1: Is the object a Q2: Is the cabinet Q5: Is the cabinet to SeqVLM 58.1 47.4 51.0 54.5 53.2
o7 . ) N «Qt Object 5 Isolate individual cues: cabinet? brown? the left of the ovens? SPAZER 68.0 58.8 59 9 66.2 63.8
ﬂ?v lcf’ ORjCemaLe s do not compress the query QGround 7B 69.0 49.6 50,7 63.3 59.1
e referring expression’ '
N\ B y, into one overall match. Q3: rectangular shape - Q4:in the kitchen QGround 72B 73.6 56.2 57.6 63.2 64.7
3.3 Ablation: Three Design Rules
Preference Reading Candidate (distractor) Candidate (target) Variant Native Cond.  Pref. UggLS'e I\(ngtEIS Oé%ragll
How it works Render a candidate set and ask the VLM to select one object in a single step. o | | - . ' ' '
Relation Q5 Relation Q5 Holistic baseline v — — 63.7 29.7 36.3
-O. 52 + 089 + Condition-wise v v - 72.0 37.9 445
) | | | . ) | Read sighed evidence score Total score Total score + Preference v — V4 69.7 38.1 44.2
o One-shot set selection entangles visual grounding with ID selection over instead of hard YES/NO
Why it fails a rendered candidate set. 3.21 4.60 QGround 7 < 4 74.3 42.9 49.0
Rendered input — v v 66.5 32.1 38.8

Full rule combination: +12.7 pp vs holistic; rendered input: 010.2 pp.

1.2 Holistic Candidate Matching Natural Inputs

3.4 Comparison with Thinking-based VLM

© Object-centric RGB evidence
@, S ] N . Unique Multi. Overall
) . T ) . D 'VL I
2 Does object 1 match? Object 1: Yes. Preserve the target and its eclsion Qwen3-VL Mode @0.5 @0.5 @0.5
> < > Surrounding scene context Free-form thlnklng Thlﬂklng-8B 64.9 34.2 40.1
. - . .
_ Does object 2 match? | | Object 2: Yes. , QGround Instruct-8B 77.2 45.0 51.2

VIS(Ol, vk) ___Nyisible

Ntotal

Three natural scene views of the same marked candidate

Same Qwen3-VL family, distinct 8B variants; +11.1 pp overall.
3.5 Visual Comparison with SeeGround

the white sink is in the corner of
the room. it is to the left of the
other sink and liquid soap

2.3 Preference-Aware Evidence Aggregation

there is a brown leather couch.
placed on the side of the wall.

this chair is red in color. itis placed

Keep candidates separate, but ask for one global match judgment per in between two wooden chairs.

How it works

candidate. _ disnenser _
YES support pyes(0i, @) = 2. p(v|0iq))
V E Vyes
NO support Pno(0;, C7j) = z p(v | o qf)
Holistic matching obscures which category, attribute, and relational cues V& Vho

Why it fails

each candidate satisfies or violates, making partial matches difficult to

disambiguate. Sighed evidence

Score(o,, Qj) = pyes(Oir Qj) — Pnol0;, Qj)

0= arg max z Score(o;, g;)
Dt EC. j=1

Candidate selection

In both cases, the VLM's fine-grained judgments are not organized as comparable evidence across
candidates.

QGround vs. SeeGround QGround VS. SeeGround QGround vs. SeeGround



