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We propose a novel Interactive Text-3D Scene Retrieval Method (IDeal),
which actively enhances alignment between text queries and 3D scenes
through ongoing interactions.

An Interactive Retrieval Refinement framework (IRR) is presented to
enable a deep interaction for comprehensive scene exploration, leading to
progressively improved retrieval.

An Interaction Adaptation Tuning strateqy (IAT) is proposed, which
facilitates the transfer of the retriever to the interaction text domain,
promoting improved interaction.

We conduct extensive comparison experiments on text-3D scene datasets.
Our IDeal remarkably outperforms the existing methods, demonstrating its
superiority.

Challenge 2: Domain gap between queries and interaction texts.
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___Challenge 1: Lack of holistic interaction perspective.
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Text-3D Scene Retrieval

Text-3D Scene Retrieval (T3SR) requires methods to establish semantic correspondence between 3D scenes and texts,
enabling the matching of the most relevant 3D scene instance from a comprehensive 3D scene set or atlas solely
based on textual queries.

TEXT-DRIVEN INDEXING

FOR THE EMERGING 3D DATA ECOSYSTEM

% Scalable Scene Retrieval for

O
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Retrieval-Enhanced Semantic <  Text-Driven Indexing for the
Game and XR Content Creation Alignment in Robotic Navigation Emerging 3D Data Ecosystem

>
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Open-World Obstacles Faced by T3SR

A white mattress

FIND bed in my
is on a brown bed,

Try to find the You find bed in
bed in my room. my house.

placed on it.

Various users

7/

< Incomplete one-shot descriptions of user intent < Domain shifts

Too long sentence.
Never seen these
ords...

There are many
chairs next to the

FIND the chair
near the table.

5 Retriever

% Ambiguous descriptions + Limited generalization of the models
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Open-World Obstacles Faced by T3SR

[FIND bed in my A white mattress

7

< Incomplete one-shot descriptions of user intent
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Open-World Obstacles Faced by T3SR
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Try to find the
bed in my room.

You find bed in
my house.

Various users Case 2

% Domain shifts
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Open-World Obstacles Faced by T3SR
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There are many
chairs next to the

FIND the chair
near the table.

k - Case 3 )
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< Ambiguous descriptions
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Open-World Obstacles Faced by T3SR

Too long sentence.
Never seen these
ords...

T Retriever Case 4

\_ Wy

/7

% Limited generalization of the models

Information-complete queries and static model limitations!
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Motivation

We can explore leveraging interactive retrieval with external agents (such as users or LLMs) to achieve a
general solution for the above issues.

However, there are two key challenges in adapting existing interactive methods to Text-3D Scene retrieval.
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We can explore leveraging interactive retrieval with external agents (such as users or LLMs) to achieve a

general solution for the above issues.

However, there are two key challenges in adapting existing interactive methods to Text-3D Scene retrieval.

Round i
Challenges in applying existing

interactive methods. Round i +1

What color!
is bed? Q |

; Answerer
uestioner [ A brown bed.
What is ¢ -b

the shape?

[Asquare bed. T Scene0351 |

Challenge 1: Lack of holistic interaction perspectives.
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Motivation

We can explore leveraging interactive retrieval with external agents (such as users or LLMs) to achieve a
general solution for the above issues.

However, there are two key challenges in adapting existing interactive methods to Text-3D Scene retrieval.

Round i What color Q
: : P is bed?
% Challenges in applying existing L L

uestioner [ A brown bed. Answerer
interactive methods. Round i +1| Whatis §oy
the shape?

— iScene0351 |

[ A square bed.

Challenge 1: Lack of holistic interaction perspectives.

Training query Interaction text Too long sentence.
: . . (FIND bed in my | A white mattress Different language style.
/ I 1
% Challenges IN maklng existing | room. ?is on a brown bed, Never seen
static methods interactive. -r"(-E_I‘;'-E_I‘:l-a-:»:::;:;i:rz:\:':‘:':':‘::5: with a dumbbell ... 60 »mattress, dumbbell.
| nexttobed. | Answerer C3J  Retriever

__________________

Challenge 2: Domain gap between queries and interaction texts.
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Motivation: Challenge 1

_ _ Round i What color i Answerer . :
% Challenges in applying is bed? &Q”ES TONEr | Abrown bed. ) Retriever..

existing interactive methods : What is !
Round i +1 the shape? Asquare bed. = i Scene0351 |

Challenge 1: Lack of holistic interaction perspectives.

Comparison between existing and ideal interactive descriptions:

Existing interactive method Ideal interaction

A1l: Locate a room that has a white bed with
a black curtain beside it.

A1l: Locate a room that has a white bed with a
black curtain beside it.

=< A
,s\

B A2: Locate a room that has a white wooden bed
P Dlverge with a dumbbell on it, and a black wrinkled
W cisewherecurtain beside it.

A2: Locate a room that has a white wooden
bed with a dumbbell on it, and a black
wrinkled curtain beside it.

____________________________________________________________ N \ ap : A3: Locate a room that has a white wooden
A3:Locate a room that has a big white { Y bed with a dumbbell on it, and a black

wooden bed with a dumbbell on it, and a wrinkled curtain beside it. Opposite the bed,

black wrinkled curtain next to it. there is a black chair next to a dressing table
with a suitcase next to it.
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% Challenges in making existing
static methods interactive i
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Interaction text

A white mattress
:/ lison abrown bed,

Too long sentence.
Different language style.

Never seen
0 _mattress, dumbbell.

with a dumbbell ...

Answerer 3 Retriever
Challenge 2: Domain gap between queries and interaction texts.

______

Challenges in making existing static methods interactive:

Existing method w/o adaptation w/ adaptation
@ D &
Static method!! w/ Interaction VS. Static training with
Z{> <}::> interactive text
R@1:9.7 R@1:16.7 :
External interaction Suboptimal R@1:36.5
R@5:33.1 know/edge R@5:44.8 performance dain! R@5: 71.5
R@10: 50.2 njecting R@10: 61.6 R@10: 86.1

[1] Feng Y, Qin Y, Peng D, et al. Pointcloud-text matching: Benchmark dataset and baseline
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|deal - Interactive Retrieval Refinement framework (IRR)

D et
‘ . .
% Pipeline
Round 1 Round N
: Ask Answer. : Matching : Ask Answer, .
Questioner — Answerer —— Retriever — " .I... —» Questioner —> Answerer — Retriever
R/
% Framework
&% [ Retriever i (a) Feature-level Fusion
il _ Uninformative / informative
- "1 Encoder PR Y Fusion fused text / target O
3D Scene Set P ) O r— @ @ e ol O . Central set
Init (Qo): There is a - @, O i _~ Weighted linear O O
white B gr.1: There is a bed here] 9% 01~ 01 Text > O s Semantic-level M:tChed R ' O @
'?(;l (ljt ar: The black chair without Encoder i | - Fusion cene St eseg ® \
arms opposite the white E i G ,
i T Average fusion Hypersphere
Initial Query and r-Round Answers Gueet 2 b} Semanticievel fusion
uestioner o ;
T o— RoutEI' _Q\O—ﬁ Inlt 01 02 Or i. Ob]ect <
ar Extraction {‘-
o ‘::_,OProbe for details O ........ f Diverge to explore; | | et veu chair, cabinet Y
placed along the wall, g Qk-1: There is a bed here, @ 7}' % curtain, bin, dumbbells... jii. Scene < LLM
with a white cabinet to its “Q Qr ?g(ijt a messy cabinet next '-.,‘_. i GBEE | |g: Are there other objects in the Beconsirction
e : . e that t mentioned?
right in the corner. A.palr —|! A room that aré not mentioné Scene: The bed is placed : ‘.&
of dumbbells were lying gk: What color are the bed . S h along the its right in the >
on floor nearby ... and cabinet? Isthere (- W { == Away ftrgm s -Z corner, creatupper-left wall, ()« (%) %
Answerer anything on the bed? e sUrrent geseining. with a white cabinet. A black :
11 area: dresser, chair ... it o : , b
(LLM / User) 7 7 ] “ : ; 7 chair sits facing away from . W s -
L ) L the bed ... Match,ng o —




|deal - Interactive Retrieval Refinement framework (IRR)

* Pipeline
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Ask Answer. Mag tchin
Questioner —> Answerer —— Retriever —— g

% Framework

7 Retriever
¢ H - Shared space
- _ »130 Point-cloud N
3D Scene Ser Encader T O
: . . Project 10,
Init (Qo): There is a - — O
white bed in my room. ao 9 Text ¥ 4 £ O
Rl Q ......
I3
-
Initial Query and r-Round Answers _ A4
Initial interactive round
ar . .
T (Single-round retrieval)
.
Answerer

(LLM / User)



|deal - Interactive Retrieval Refinement framework (IRR)
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Pipeline

Framework

Adaptive questioning

Round N
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—i» Questioner —

Ask

hd

Questioner o

Router

—o\oﬁ

Oprobe for details O

Qik-1: There is a bed here,
and a messy cabinet next @
toit.

gk: What color are the bed
and cabinet? Is there i
anything on the bed? ‘(“‘_‘C}

41

k

% 1 area: dresser, chair ...

rt:

ﬁDlverge to explore

g: Are there other objects in the
room that are not mentioned?

. = Away from the

current describing
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|deal - Interactive Retrieval Refinement framework (IRR)

..I.o o
* Questioner
Router Initial Query: Locate a room that has a white bed with a black curtain beside it.
Jf Formulate response features
Density C d / . :
ensity Compensate 1y r—1 . whether aligned with
L. E(HE } - 2 p(u v_;.}log'p(u ] 3“)
Affinity Entropy JENe (ul ) the scene features.
‘L _(‘f > 3 _é <A ‘L
r -
Questioning

' Diverge to explore N
Probe for details Q1 AP g p Qo o

1) What material is the bed made of? 1) What object is in the distance from the bed?

2) What's on the bed? 2) What object is opposite the bed?

3) What are the characteristics of the

\ 3) What object is to the right of the curtains?
curtains? Limitech

— 4) What are the characteristics of each of these

= ~ objects?
...... Comprehensive
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|deal - Interactive Retrieval Refinement framework (IRR)

] ¢ ;'
* Pipeline
Round N
Answer
e Answerer —»

7/

% Framework

ar T
Memory: the bed is
placed along the wall,
with a white cabinet to its
right in the corner. A pair
of dumbbells were lying
on floor nearby ...

Answerer

(LLM / User)
Answering according to the memory
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Interactive Retrieval Refinement framework (IRR)

* Pipeline
Round 1
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Framework

R -\.?é,‘.\.,,
}. NEURAL INFORMATION
PROCESSING SYSTEMS

..}.0 o
Round N
e Retriever

Matching the result with multi-round descriptions.

white b

dr: The black chair without

arms opposite the white
bed.

toit.

Retriever
\ N Point-cloud
3D Scene Set Encoder
Init (Qo): There is a ] .
Qar-1: There is a bed here] do, a1-an Text
and Encoder

N~/

Shared space
N
Project :"-.,O
F O o
¥ o

Feature-level
Fusion

Combined |

Semantic-level
Fusion

i)

\.

ar

L, @

Matched
Scene

(a) Feature-level Fusion

O Uninformative / Informat/ve .

text features

% fused text / target O

scene features

Weighted linear
fusion

) Central aggregation

Average fusion

P -
Hypersphere

Boundary Set

Central set
O
6.3 o

\

(b) Semantic-level Fusion

Init|| az || az|| - || ar

Objects: bed, chair, cabinet
curtain, bin, dumbbells...

)

Scene: The bed is placed
along the its right in the

corner, creatupper-left wall, O ade)

with a white cabinet. A black

chair sits facing away from
the bed ...

. ". ‘*‘ =
Matching -

i. Object
Extraction

G-
N7

ii. Scene < LLM

Reconstruction

&E
. =




) .\..é;&‘.
ﬁ. NEURAL INFORMATION
%1 . PROCESSING SYSTEMS

i

|deal - Interactive Retrieval Refinement framework (IRR)

% Retriever

Pe(wi) = Mp1(w;) + Aap2(wi) + A3p3(si)
From three perspectives.
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|deal - Interactive Retrieval Refinement framework (IRR)

** Retriever
Pe(wi) = Aip1(wi) + Aopa(w;) + A3ps(si)

. . From three perspectives.
1. Initial Retrieval

p(u;) = [p(uwi, v1), p(w;, v2),... :ﬁ(uiaﬂnc)]T p(ui,vj) = exp(S(ui,v5))/ Z?:cl exp(S(ui, vr))
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|deal - Interactive Retrieval Refinement framework (IRR)

** Retriever
Pe(wi) = Aip1(wi) + Aopa(w;) + A3ps(si)

. . From three perspectives.
1. Initial Retrieval

p(u;) = [p(uwi, v1), p(w;, v2),... :ﬁ(uiaﬂnc)]T p(ui,vj) = exp(S(ui,v5))/ Z?:cl exp(S(ui, vr))

N\

r o
2. Retrieval after Feature-level Fusion Feature-level Fusion

Uninformative / informative

Average fusion

i) Answers from Q7: (We/ghted linear fusion) ™ Margin / O text features
J 7—1 w ! fused text / target
77“"' a'u, - (1 a)uz O i scene features
T f Q . | ] Weighted linear
i) Answers from &2 : (Centra fUSIon) O O | fusion
(Oza R;) — arg (1)’11%1 {R u 0O; < Rza Vj} O @ O i Central aggregation

— 1 * _ J
@i = § (0 + gy Suzcus )
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|deal - Interactive Retrieval Refinement framework (IRR)

% Retriever

Pe(wi) = Aip1(wi) + Aopa(w;) + A3ps(si)
. ] From three perspectives.
1. Initial Retrieval

~ ~ " -~ T ~ ne
p(u;) = [p(ui, v1), p(ui, v2), ..., p(wi, vp, )] p(ui, vj) = exp(S(ui, v5))/ 212, exp(S(ui, vir))
s - - \
2. Retrieval after Feature-level Fusion Semantic-level Fusion
. . . . Init|| A1 || A2 || --- || Ak ) )
i) Answers from Q1: (Weighted linear fusion) " I. Object <~
i i i1 Extraction @
,u’ff = au; + (1 o a)ui Objects: bed, chair, cabinet
i) Answers from Qo : (Central fusion) curtain, bin, dumbbells... ii. Scene < LLM
, , . i T ' Reconstruction
(Oi ’ RZ) - a8 (IJ'D%I {Rz F Wi < B, Vj} Scene: The bed is placed % ;fz
' B 1 ( *' + 1 Z j) along the its right in the s al
u; = = | 0O:; —a ' u:- corner, creatupper-left wall,
] ’ 2 ¢ |u'¢2 | ‘u.g EZ/(E v with a white cabinet. A black @ @ A
. . . chair sits facing away from T g AN
3) Retrieval after Semantic-level Fusion | thebed. Matching )

i) Object extraction from answers; ii) Scene text reconstruction by LLMs.
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ldeal - Interaction Adaptation Tuning strategy (IAT)

7/

< Motivation. To facilitate the transformation of existing static models into interaction-friendly models.
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|deal - Interaction Adaptation Tuning strategy (IAT) N

7/

< Motivation. To facilitate the transformation of existing static models into interaction-friendly models.

1. Generate interaction-domain-like text. —= Target domain data.
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< Motivation. To facilitate the transformation of existing static models into interaction-friendly models.

1. Generate interaction-domain-like text. —= Target domain data.

} NEURAL INFORMATION
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2. Source-free domain adaptation —s> Adapting model to target domain.
g \
Criterion®?;  R(0) = Rais(0) + Rain(0) = Ey [(—Ey+ {S(a;],w;)}) + (Ey- {S(a; ,a,)})]
Minimizing the risks ? Discriminability L’ Diversity
Objective loss: L= Aais + (1 — X)L risk risk
Implement
b - b b RN
Loss terms: Laiis = Z Z yijlog S(wi,vj) Lain = ZZeXp —max (0, S(u;, a;) — 7)1 Eog(l — S(ﬁmﬁj)l
1=1 7=1 i=1 j#i : :on rastive term|
Ensure the adapted model outputs Welghtmg erm Complementary contrastive {
. Ensure the adapted model keeps unrelated features well-separated.
L discriminative features. y

[2] Xu G, Guo H, Yi L, et al. Revisiting Source-Free Domain Adaptation: a New Perspective via Uncertainty Control
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Comparative Experiments

..

Table: 1 Performance comparison on ScanRefer, Nr3D, and Sr3D in terms
of R@1, R@5, R@10, and their sum (Rsum). t denotes the use of coarse-
grained descriptions as memory

’ Plug-and-play boost ~

Surpass static cross-modal retrieval methods in combating inherent data incompleteness.

-~

Methods )

Table 2: Performance comparison on ScanRefer and
Nr3D in terms of R@1, R@5, R@10, and their sum.
+ldeal indicates plugging the model into our IDeal.

ScanRefer
R@1 R@5 R@10 Rsum

7 N . .
w/ coarse-grained descriptions:

Nr3D Sr3D
R@1 R@5 R@10 Rsum|R@1 R@5 R@10 Rsum

VSEoo (CVPR21) 9.7 331 502 93058 215 325 59855 189 274 518 . : -
CHAN (CVPR'23) 94 323 521 938| 75 150 321 546 | 54 213 348 615 Tt denotes the use of fine-grained descriptions as
HREM (CVPR'23) 102 340 514 956| 73 181 319 573 |54 219 336 609
CRCT. (NeurIPs: 23) 103 324 498 925 81 225 332 638 |49 195 319 563 memory.
RoMa (TMM’25) 114 348 544 100.6| 6.5 248 37.6 689 | 7.8 273 393 744
IDeal 16.0 42.7 59.8 118.5|11.7 348 504 969 |10.3 302 485 89.0  Methods ScanRefer Nr3D
: —r R@]1 R@5 R@10 Rsum|R@1 R@5 R@10 Rsum
w/ ﬁne—gmmed descriptions:
ChatlR" (NeurIPS'23) [21.8 554 73.1 1503|156 403 58.1 114.0]12.1 359 503 983 VSEoo 97 331 502 930 58 215 325 598
Rewrite! (ICMR24) 174 470 637 128.1|17.1 314 458 943|124 281 404 809 +[Deal | 13.3 389 57.6 1098 8.7 275 42.1 783
MERLINT (EMNLP'24)| 31.1 68.8 83.8 183.7|21.8 550 71.8 148.6|142 420 603 1165 VSEoco' |149 423 61.5 1187|164 475 552 119.1
BASELINE:IRTT 299 68.0 833 1812|180 51.6 602 1298|146 39.2 553 109.1 +IDeal’| 35.8 70.6 85.0 191.4|21.2 52.1 684 141.7
B M 44 69. 1 189.0] 22. 2 675 1452[164 415 62.1 120.
ASELINE U 344 695 851 18901225 2 675 11521164 415 621 1200 “~pep 103 324 498 925 8.1 225 332 638
IDeal” / [37.8 71.8 864 196.0|26.4 627 78.7 167.8|20.2 43.1 63.1 1264 +IDeal | 134 355 56.1 1050 7.4 254 383 711
\ CRCL' 17.5 45.1 583 1209|134 445 515 1094
_ | , , oval +IDeal’ | 31.7 66.9 83.5 182.1| 158 504 64.4 130.6
Outperforming general text-to-2D interactive retrieval. RoMa 97 331 502 930183 279 372 734
+ID$a1 16.0 427 59.8 118.5|11.7 34.8 50.4 96.9
. . RoMa 16.7 448 61.6 123.1|174 485 575 1234
The advancement of the interactive methods™ +Deal! | 37.8 718 864 1960|254 607 757 161.8
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Ablation Study

< Ablation study < Parameter analysis

38.0

Table 3: Ablation studies for components of our IDeal 377 /
on ScanRefer. RSum is the sum of R@1, R@5, R@10. ik 1 N\
w/o stands for without use. A |

R@1

371 Nl

Beyond limited 2D /

perspective, boost Configurations R@1 R%gngeé‘firo Rsum PR B
performance: AR 3651 o 4 8 12 16 20 B
Questioner\ 5 Ol 26 n 71 7 Rﬁ 7 1012 Q 0.0 0.2 0.4 o 0.6 0.8 1.0
/o Q2 263 615 773 1651 ] (a) « 1n retriever. (b) A1, A2, A3 1n retriever.
w/o ﬁ1 u; 35.2 70.1 86.5 191.8
Retriever |w/o p2(w;)|28.1 63.3 80.6 172.0
The model must adapt to w/o ﬁ3 %:93) 31.8 67.8 842 183.8 35
the interactive domain to W/O CO 357 715 859 1931
exploitinteraction. A 1yw/o TAT | 16.6 484 64.4 129.4 0
Adaptation | w/o L4, 349 69.5 844 188.8
w/o L giv 35.1 694 84.1 191.7 25
Full * |TDeal 137.8 71.8 86.4 196.0

(¢) k, B in questioner.

20

(d) \, 7 in IAT.
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e BT __m | 25

% Interaction 13| — 30| . g

Analysi z |1 2 2 ° 2
|
alysis 9 20 .
°"0 1 2 3 4 5 10 1 2 3 4 5 6 7 60 1 > 3 a4 5 10
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(a) ScanRefer (b) Nr3D
** Case Analysis

Case 1 Initial Query [Rank 16] case 2 Initial Query [Rank 23]

a long brown table. it is located near a single chair which is very

this is a computer monitor with two others to the left and right.
there appears to be other monitors also in front of it and
diagonally.

Round 1 Answer

this is a computer monitor with two others to the left and right. it
is surrounded by additional monitors in front and diagonally.
there are screens placed side by side providing ample workspace.
there seem to be more screens angled forward to offer better

visibility ... [Rank 4]
Case 4 Round 2 Answer Ours Jmt:q! Quer
Round 1 Answer  [Rank 2] there is a large

this is a description of the scene where
a brown wooden chair is near the gray
trash can to the right of the painting.
it is also mentioned that there is a
gray trash can to the right of the table. g

there is a brown chair at the end of ... the brown wooden chair is near the
the table as well. additionally, there
are several matching chairs with
brown leather surrounding the table...

... there is a rectangular refrigerator,
Next to fridge, there is a black

square TV... [Rank 1]
q%D

painting on the

chair at the end"®
of the table

Round 5 Answer close to the

trash can to the right of the painting,
with some empty space between them

[Rank 1]

and wooden .

wall . there is ay

painting. we are talking about the other
chair that is close to the trash can to the
right side of the painting .

Merlin

Round 1 Answer [Rank 5]
The large painting on the wall

close to the wall.

Round 2 Answer [Rank 8]
this is a long brown/plain table. it is situated near a single chair
which is very close to the wall. the single chair is placed right by
the wall. there is no indication of any windows or doors being
adjacent to the table or chair. the lengthy beige unadorned
surface (table) stands alongside the solitary stool.

Round 2 Answer [Rank 4]

The second chair ... painting... first
chair. Table... round trashcan...

appears to be representational Round 4 Answer [Rank 4]
Py .
rather_than abstract_:s ¢ :Eﬁ Egb!g The round trashcan... table. the
Besides the table second chair ...

and chairs already described... The K

color scheme of the room seems to ~ Round 5 Answer [Rank 4]
Lo consist mainly of neutral tones such The round trashcan. table... the
it is brown as browns, grays, and blacks ding of d chai '8

w . surrounding of second chair ...

[Rank 4] » IV g

01 2 3 4 5 6 7

Round

1) Performance boost.

2) Memory information
exploited.

3) Superiority brought by
a divergent perspective.



Thanks for Watching!

Time: Thu, Dec 4 - 2:40-3:00 a.m. CST
Location: Upper Level — Ballroom 6CDEF

.0\4. \‘
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