SURPRISE3D: A Dataset for Spatial Understanding and Reasoning in Complex 3D Scenes
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Motivation Task & Benchmark Experiments & Results
: : : : : = 3D Spatial Reasoning Segmentation (3D-SRS) aims to predict a 3D mask for Challenging for SOTA 3D grounding & 3D-LLMs in zero-shot.
* Embodied Al requires understanding the relationship between ob’ecl,?ts In a scene tha%c saﬁsf a langua(ge quer )describir?g spatial relations Fi g : SURPR|SEg D vield g[ '
language and 3D spatial context, yet current datasets rely heavily on " |t cJovers four reasoning t ;/s relative ositiZm narrativep erspective . me—tu.nmg on Tak 3 yled Sl arglel EgaIES acrgst ol
: : : : : reasoning types. Takeaway: models still lack true spatia
semantic cues (object names) rather than true spatial reasoning. . . ypP p. ’ persp ’ , 8 yp y , P
Y Lo . . parametric perspective, and absolute distance. reasoning > our benchmark fills the gap.
Existing 3D vision-language models often exploit shortcuts (category : -
tching) instead of , bout . " Evaluation uses mloU, precision, and recall at loU 0.5/0.75. o " Method
matching) instead of reasoning about geometry. : : : : : : ask Type etric .
8 , _ .g g y " Scenes are split to avoid overlap, with a leaderboard ensuring fair comparison. MLLMtorSD 3D-Vista ReasonSD . Intent3D ChatScene Avarage
" SURPRISESD fills this gap by introducing a dataset focused on Knowledge Reasoning
: . . i ; c Sens H Intenti . . . . . .
language-guided spatial reasoning segmentation. I A LeclutaRistancs SimenitsS iy A e e oo e Ao 14 oLt Sh S o Ses
@ Question: | © Question1: | © Question1: | mloU 12.75 - 479 - - 8.74
© Question1: | A chair that is 2.63 Where do people | want to watch A25 22.38 8.26 11.33 15.84 1.64 11.89
T ———] :’n?ters adway from the most often s{t the news, what Human Intention A50 13.62 8.26 6.03 5.82 1.00 7.48
cloie(s,tjto s aicony door. when watching TV? should | turn on? mloU 11.91 -~ 7.51 -~ E 6.31
. Spatial Reasoning
Narvrative Perspective A25 15.07 6.50 8.39 2.65 0.00 6.52
Ta’get Problem — p q Narrative Perspective A% 1362 650 438 0.77 0.00 483
L .. . p——m——— Y A25 425 3.65 7.91 2.62 0.00 3.29
= Existing 3D vision-language datasets often entangle semantic R jzfrgait‘:o the df;o;tf“d SURPRISE-3D | o Parametric Perspective  A50 320 3.65 482 0.79 0.00 2.66
- . . . . B = o the object on your left side. IoU 2.93 - 5.68 - - 2.31
recognition with spatial reasoning, allowing models to succeed by = : ' parameter Pevspective | @Questionz: | Gauestiona: | LT Ry mET S R——
- . - - @ Question2: | e G WMy | Tr— it Rt HolEoatih aft Relative Position A50 5.81 6.52 6.38 0.97 0.00 4.47
exploiting object names rather than truly understanding spatial T— h “ ?;“:'Z:t e geinge oY ‘;Ef:;;“;tf:,\;‘;f‘@“i A0 581 5 638 9 i 47
context. farthest from the , (3.00, -0.96,-5.24, guests during visits? What should we use? A25 11.90 7.61 9.10 2.41 1.39 6.48
balcony door. e Wh“to‘bﬂ;i ig’s::ﬁ 0‘;-;:: ;’f,’f,” f’fgé) Absolute Distance A50 10.62 7.61 2.60 0.74 0.00 4.06
" This prevents robust evaluation of reasoning skills such as viewpoint- = - B —— S . mloU 9.24 - 5.25 - . 3.47
: : atial Reasonin nowledge Reasoni -
dependent references or distance-based relations. i 4 9 = Overgli Reasoning
. . . A25 13.63 6.40 9.09 8.63 3.59 8.27
" The key challenge is to create a dataset that isolates spatial Overall ASO 10405 6.40 ol 2.94 L 4
understanding from semantics and tests genuine reasoning h ts of vari thod qiff . task
g ° e e e results of various methods on different reasoning tasks
capabilities across complex 3D layouts. Annotation Pipeline . - &
: . under zero-shot settin
" SURPRISE3D addresses this gap by providing large-scale, human- : T : : 8
. , , , , We develop two annotation pipelines for different reasoning types: Mothod
verified spatial queries and a standardized benchmark to rigorously . . : : : : : Task Type Metric |
luate 3D - ] - 1. Spatial reasoning, human annotators fix a camera viewpoint, write spatial MLLMfor3D ~ 3D-Vista Reason3D Intent3D ~ ChatScene  Avarage
evaluate spatial reasoning segmentation. : : : : : -
P g seg queries (e.g., “the chair to my right”), and mark the target mask in 3D, ensuring Knowledge Reasoning
Dataset Output Multi-target Lang. Source Spatial Reason  1st observ.  Shortcut Free . . . . A25 25.41 19.36 18.08 30.09 13.56 21.30
consistent egocentric interpretation. Common-sense A50 23.92 19.36 8.97 15.22 437 14.37
CLEVR3D [42] Lang - Template X . . . . . mloU 19.40 - 11.92 - - 13.39
gcanéc[:fl[)4[]7] Lang : Human ’ 2. Knowledge reasoning, an LLM-human hybrid pipeline generates and verifies Ao a0 3 198 3lte 1s0 o
can ang uman i _ i iNi ili i i H Intenti A50 24.51 22.36 10.81 18.08 4.70 17.29
DVOA 1] Lane x o p _ guestion—answer pairs, combining scalability with human quality control. uman [ntention U 1047 - 1108 - - 15
SQA3D [35] Lang - Human v v X Spatial Reasoning
ScanScribe [52] Lang X Template, LLM - - - Step1: Select One Scene Step2: Add Description Step3: Choose the Target Objects A5 2 38 25.77 1130 2401 13.98 1967
3DMV-VQA [14] Lang - Template X X X . e A Narrative Perspective A50 20.40 25.77 7.71 15.58 4.28 14.75
M3DBench [27] Lang v LLM X X X el /anmp f 5 v mloU 18.44 - 9.03 - - 13.74
SceneVerse [22] Lang X Template, LLM X X - b ket i, i A25 10.04 3.87 11.52 12.57 4.58 8.52
MSQA [29] Lang - Human,LLM v v X 1l Choo§e current V.iews Parametric Perspective A50 9.33 3.87 7.59 6.13 2.36 5.86
VLA-3D [43] Lang / Template / / X Tl o moy, 70 - 585 - - i
ExCap3D [45] Lang v LLM X v X St L s | N A2 261 2386 LS| 1290 1248 1667
ReferIt3D [3] BBox v Human, Template X v X : '. clative Fosition mloU 14.70 ~ 3.88 _ _ 12.79
ScanRefer [6] BBox X Human X v X i Object-Center: ' Question Type:
: : ' A25 25.30 18.92 12.80 5.75 7.42 14.04
3D-DenseOG [21] BBox / Human X / X Priscimmeneail bbbl Absolute Distance A50 20.37 18.92 445 1.86 371 10.66
Grounded 3D-LLM [10] Mask X Template, LLM v X X | like tZ) describe || \C/lvould like to. aySk mloU 19.23 - 8.16 - - 13.70
ScanEnts3D [1] BBox v Human v X X ' & ’ Overall Reasoning
PhraseRefer [46] BBox v Human X X X
EmbodiedScan [39] BBox / Template, LLM / / R | | T e e e R . Overall Ay 1335 1834 eoe 1310 3% 1300
3D-LLM [15] Lang + BBox v LLM v/ X X Example B: : mlolJ 16.46 - 11.00 - - 13.73
LL3DA [8] Lang + BBox v Template, LLM X v X i ' . . .
3DMIT [28] Lang + BBox X LM p / p e (" ', The results of various methods on different reasoning tasks
3D-GRAND [43] Lang + BBox v Template, LLM X X X § Chloose angfhtetr not-the- fhoo?e another object : under fine-tuned settin g
Segpoint [13] Mask X LLM v/ X v Dbl MY | 0l SN ',
ScanReason [51] BBox X LLM v X v i . : ,
Reason3D [19] Mask , - / * ¢ s Dl T paepion | ik
Intent3D [24] BBox 4 LLM X X v 2. Multiple objects of the same category are present. : i _ 1 - 1 o=
SURPRISE3D (Ours) Mask v Human,LLM v v v ', O BT L AL L L
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