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Abstract: Three-dimensional (3D) visual perception and understanding are fundamental to numerous applications , includ-
ing robotic navigation, autonomous driving, and intelligent human-computer interaction. As one of the most prominent
research directions in computer vision, 3D vision has experienced rapid advancement, particularly with the rise of multi-
modal large language models (MLLMs). The integration of MLLMs with 3D visual data has unlocked unprecedented capa-

bilities for understanding and interacting with the physical 3D world. These models bring distinct advantages, such as con-
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textual learning, step-by-step reasoning, open-vocabulary support, and rich world knowledge, making them transformative
tools in the field of 3D vision. This paper provides a comprehensive overview of the latest progress in 3D vision understand-
ing driven by MLLMs. It begins by addressing the foundational representations of 3D visual data. From point clouds to 3D
Gaussian splatting, the review systematically examines mainstream data representation methods, which form the backbone
for intelligent processing and analysis of 3D visual information. These representations enable the integration of semantic,
spatial, and structural information, serving as a critical basis for downstream tasks in 3D vision. Following this, the paper
traces the evolution of MLLMs, starting from the development of large language models and their extension into multimodal
systems. It highlights the emergence of vision-language models that synergize text and visual data, offering significant
potential for advancing 3D vision. The combination of multimodal pretrained priors and 3D data representations has opened
new avenues for cross-modal understanding and interaction. The ability of MLLMs to align multimodal features while rea-
soning across modalities has proven crucial for overcoming traditional limitations in 3D vision, such as sparse data, occlu-
sion, and noise. The review then focuses on the methods for representing 3D visual data using MLLMs, providing an in-
depth synthesis of current strategies. It discusses how MLLMs leverage pretrained knowledge to interpret 3D information,
facilitate multimodal feature alignment, and enhance the contextual understanding of complex 3D scenes. For instance,
MLLMs enable the integration of 3D data with semantic priors, improving the efficiency and accuracy of tasks such as 3D
object recognition, scene reconstruction, and spatial reasoning. In the context of specific 3D vision tasks, this paper
explores various applications of MLLMs, including 3D generation and reconstruction, 3D object detection, semantic seg-
mentation, scene description, language-guided 3D object localization, and 3D scene question answering. These tasks dem-
onstrate the transformative influence of MLLMs on 3D vision, showcasing their ability to elevate task performance by incor-
porating multimodal capabilities. For example, 3D generation tasks benefit from the contextual knowledge of MLLMs,
enabling the creation of semantically coherent and visually accurate 3D content. Similarly, 3D object detection and seg-
mentation tasks leverage the reasoning capabilities of MLLMs to identify and classify objects in complex scenes more effec-
tively. The role of MLLMs extends beyond traditional 3D vision tasks to applications in embodied robotic intelligence sys-
tems. Examples include robotic 3D grasping and 3D visual navigation, where MLLMs facilitate spatial understanding and
decision making in dynamic environments. By integrating multimodal reasoning with 3D perception, MLLMs enable robots
to perform language-guided manipulations, navigate cluttered spaces, and interact seamlessly with the physical world. The
paper also provides a detailed examination of datasets that support research in this domain. It reviews fundamental 3D data-
sets, such as those designed for point cloud analysis, voxel-based representations, and mesh modeling, alongside multi-
modal 3D vision-language datasets. These datasets are analyzed in terms of their scale, diversity, and application scope,
offering a robust foundation for training and evaluating MLLMs in various 3D vision tasks. However, the lack of diverse and
representative datasets remains a significant challenge, limiting the generalizability and robustness of existing models.
Building on these foundations, the paper addresses key challenges and future research priorities in MLLLM-driven 3D vision
understanding. Major challenges include unifying 3D representation formats, improving the spatial reasoning capabilities
of MLLMs, enhancing the generalization of MLLMs for diverse 3D data processing, and addressing practical deployment
mechanisms for multimodal models in real-world 3D vision tasks. In addition, the paper highlights the need for efficient
model miniaturization for edge-side applications, such as autonomous robots and drones, and explores the potential of
cloud-edge collaborative frameworks to enhance 3D vision tasks in resource-constrained environments. The future research
directions proposed in this paper aim to address these challenges and further advance the field. Key priorities include devel-
oping scalable and efficient 3D data representations, designing domain-adaptive MLLMs, and creating comprehensive mul-
timodal benchmarks that reflect real-world complexities. Moreover, the paper emphasizes the importance of fostering inno-
vation in multimodal reasoning frameworks, enabling MLLLMs to interpret, generate, and interact with 3D data seamlessly.
Exploring the integration of real-time data streams with multimodal pretraining strategies can also provide valuable insights
into dynamic 3D environments. By offering a comprehensive analysis of the progress, challenges, and future directions in
this field, the paper underscores the transformative potential of MLLMs for 3D vision understanding. It highlights the neces-
sity of leveraging these models to bridge the gap between perception and reasoning, enabling systems to interact effectively

with the complex 3D world. Findings emphasize the importance of addressing existing limitations in 3D vision and pave the
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way for the continued evolution of artificial intelligence in spatially complex and multimodal environments. This review

aims to inspire further exploration and expansion of MLLMs in 3D vision understanding, providing a roadmap for future

research in this domain. Through the synthesis of state-of-the-art developments, the paper lays a foundation for advancing

spatial intelligence, fostering deeper integration between Al systems and the physical world. Ultimately, the analysis high-

lights the potential of MLLMs to revolutionize 3D vision tasks, promoting their broad application across industries and

accelerating the progress of intelligent systems in complex, multimodal scenarios.

Key words: 3D vision; multimodal large model; 3D visual representation; 3D vision generation; 3D reconstruction; robot

3D vision; 3D scene understanding
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Fig. 1  The number of 3D vision papers based on multimodal
large models and the percentage of research directions
represented by the papers in this review( (a)the number of

papers; (b)the percentage of research directions)
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AR B e R AR T 200 T HABAE B . L, Yu S A
(2018) 44 T B & Ja il 4 FLURRAE [ MHBN , Han 45
A (2019) £2 H F FH 7 25 07 LI 52 B4 JR) 4 AE Y
3DViewGraph. Ak, BF57K B (Wei 55,2020 Li 4,
2023b) ,MVCNN ZAL 7 W BRI B AR &R o it
AW T2 B A AR S A 22 RUBE B
P ERRAE (Wei 55 ,2023b) , 15 17 384 568 400 1] f1) e i 5

b B, Xie % A (2023) 4 1) 19 X-View il i3 F
Rt SR E AU R R SR A 2o FE =4
FRf G, Hong 55 A (2023b) 42 1 —Fft A 22 10 £ [
1§27 3] = ARSI A THER A Ok o 3 R
28377 2 BB FROR PN S8 E B 3D 23 (8], il i
AL AT AT AT AL

EZUNCPIREE &/ 0T 2 VRN LI Y s
YRR T IR 09 A [ RS L B A
Sy S5 T fifp RV 5 00 ST A5 Q0 B T AR A
Hh AER SLAM AR B S 1 , Z2 00 L LA i L4
N BREAE T % 25 14 LT 91 S5 R P45 3 11 ) ) 2
H N
1.2 BXRT
1.2.1 FHEE R

IR B R &8 ( signed distance field, SDF) & —ff 3£
TIE =4 2 8] i 5 fi 3T 2% T A, ) B8 7K P B 3R vk
(Osher 45, 2004) , 73 A £F 5 FICAF5 WA 2
A AT I R BSGE o A i AT S Y B R DR X 3
OG5, 18T i S 9 A 3 T, O 1 2 )
TR PR 52 B B s, BETTRR S AE 21T 4 4
ZE ) (Yang £ 2023a; Yenamandra % ,2024) . iT4F
K, P55 R B BRECTE TR JBE 27 2D TR 0 #r s 32 30 )
R BN, Park 55 A (2019) 42 R A 4t 2%
2% 2] 1) DeepSDF, 1 Mittal 25 A (2022) #f H} T LA
VQ-VAE Zi % ) AutoSDF . #RJ& , Chou % A (2023)
43 T Diffusion-SDF , 245 RUREAT 5 1 25 p& 20T T
SYEILARRAE , IF38 2o 4 bk 22 2 AL (multilayer
perceptron, MLP) [ X 4 i ) (K R 1 o H il T4 5
BT R B PR T R B A%, B 2 05
(Chibane %5 ,2020a; Long 55 , 2023 ; Liu 5% , 2024b ) $2
H T IO AT S S PR LAY 1. Long 55 A (2023)
& 1 19 NeuralUDF (neural unsigned distance func-
tion ) F TCAF 5 I 25 bR BRI AR FRTE G | 5L 7% 2 bR
HORAL AT PS5 H . NeUDF (Liu 55 ,2024b) M
b — 2B T E YA TR R BSORT R AL SR, ik ke 3R
TET 7 ) AR 1) R, AN A 22 400 A M B e A g
M .
1.2.2 HH

A T e — PR R, ] T4k =4 s [a]
IR oA o BT I 0 s A AR T 5 T AR AR
e IR S5 A1T R 1H A b RN o AR 7 ) T
BATEE S oh, 5 ik seAb Bk A HOEH
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K BRAGHIL LA BB 7 i 25 22 Tl A s 4 80 i )
11 (Chibane %5 , 2020b; Peng %5 , 2020 ; Chatzipantazis
45,2023) o Mescheder % A (2019) B IF 75 T 1) 14 b
et 7 O 2 A, OO T R I 2 I 2 X 3
SL 5 TR BGHEAT O , DL R PR TR R o
T4 A (B Y B ST — A 7 TR,
MR 22 43 3% 252 55 H T 48 B3 7% (multiresolution
isosurface extraction, MISE ) ¥ # % 5 §5 5% e il = 4
WA I 2o 33X — 5 2 9 B I 2 — J2 TF-Nets
(Chibane %5 ,2020b) , ‘B 4% 32 A F 0l 2 Bl A i
ALRFAE R A B PR R AR FS
Peng 45 A (2020) 7 — 25 48 Hi 52 18 = 35 8 LA T
P PR AR 0 5 AR oy FH I 28, 33 s ASE Al 42 B A2 23 T AT
JEARBURE 77 o Chatzipantazis 25 A (2023) 42 Hi 1Y TF-
ONet B2 5| AT 5T SE (3) B 9 45 728 P 11 2 1 L
i, BETHAAL b $E 3D JEAR BB FIUERAE . S TR
PR B K5 H 7 Ak 3 5 R, Zhang 45 A (2023f) 30T
14 OccFormer B4 1Y | 38 35 A1) 7 2 A5 Fl i & 7 HIL A
AR T, S 4 e T S K s A W R T e Y £
FE SRR SRR, 9 1 2 A 3D = i
R ET K, Feng 58 A (2022) 440 T L 5 FH 35
(Fourier occupancy field, FOF) , i 3 (& HL i 2% ik
3D i 550 % D9 2D [, G BE T 3D 4 A A (]
KERIFEE NESBHRAIE R RN, FOF 1
TRLERLET 2O B SRS S VEBC 289
FOF-X, 5 1 F SCHURIDG A S R AP RE T R, i —
AT T BRI MG, M T H AR R T
2, FOF AT B 8RG8 24467 v ot o 235 SR
b PETT TSR R
1.2.3 M&5HHY

1 25 45 5 3% (neural radiance fields, NeRF)
Mildenhall % A (2020) #2 H , &2 —Fp A 22 281
PLHEAT L P RN = 4 o 22 [ B A HOoR . 7E
NeRF Hv, By A B — > TLAE AR R | i 21 4
Bk 1 88 5 R B2 . Zhang 45 A (2020) % A 53 BT
NeRF, # i1 NeRF++, fiff gt T AR —Ha BB 1 | i
GBI A TC 7 S S H R, Ol T FEAIK NeRF
5y 5 e Fiv 5 1Y O i A PR TSR], Yu SF A
(2021) #2 1 ¥ PixelNeRF M /b 1 {5 4 i = 4k 37
s, Lin 55 A (2023b) W $i Hi 26 T NeRF L8 224 A
(Vision Transformer, ViT) , DA 2> %F i di A K14
AT, [, NeRF S = AR5 A RE Y $241E T

BT . Chen %5 A (2021a) #2 Hi ) MVSNeRF #|
FH = 4 5 TR i S SR, Xu 25 A (2023a) 45
AU S5 A MLP, $2 H NeRF-Det S 52 88 = 4E IR
flitt o Ak, Barron 55 A (2021) 47 43 () MipNeRF £
HET NeRF 12 REANHLRET) o Metzer % A (2023)
HE H Y Latent-NeRF 45 & 9 HUR AL 38 5 = 4P ik 4
Ao HA T AERF ST (0 R B 2 ) B Rz i S ok
PETFHLE B i (Gu %5 ,2023a; Ye 55,2023)
1.2.4 =ik

3D = Wik I (3D Gaussian splatting, 3DGS) J&
Kerbl 5 A (2023) 2 H (1) — R L Fim S 7 1 3 e 3k
TR B R A5 ) S B = 2R ER AR R = 4 i 4y
ARG . SOFP 5 0 ZRAE RE I AR AR AR
S HEFEHEEA T SBHE S RENT. BT
fiff DR N A7 S50 2 n) B, L A5 N (2023 ) 42 H 32 9 4%
NeRF Jii & i N AF 5 BB Scaffold-GS. 751 — &
Y 5% (Navaneet 55 , 2024 ; Girish 25 , 2024 ; Lee %,
2024 )3 2 ) 5t Ak 46 S8, D A S ) IR
T YL i o 3D (R W TR Wk 04 M BR AR T 000 1R AL R B
SR BCR TR o A X BE AR B Bk K, Chung %5
N (2024) 51 AR BE 1E 0 A RN G W B LA - PR 24
B, Zhu 55 N (2024b) $2 Hi 19 FSGS 7 il i 47 e
18 45 ¥ 9K & (structure from motion , SFM) #1154 11
=Y oAk g L R 5. IR, Xiong 58 A
(2024) #fE t 1 SparseGS F1 Li 5 A (2024a) $2 H 1)
DNGaussian ¥J 5 7 I\ /D FEAR VAT G AL, EF
XoF v S0 A W e R R Bl D RN GRS [ 14 2 Y
PEAT T M A 883 (Yu 25, 2023¢; Zhang %5, 2024d) .
AHIFE(Yang 25 ,2024¢ ; Xie 25 ,2024) e 3 T4 3D
12 T Tk R N 25 3 P % 2] DU 4 (four dimensions,
4D) Y5t

Bl 3D om Jy I p e =2 1) ELAT B AR, I 4L
AR AR 755 152 PR RE SR 0 e L)
R, TR AN R E R 5. N
fbas ) AL AR S RGBS S TR
L2 1T 9 I, n B AR ) 5k s . AR 9
TR 2 ) AR R L 3D SRR K T
B, BENS P A S T Y 3D T Y o T e T
LR TR 3D AR F R s e RCR o HaE
SERPE e s, Xy AR IR HRR M IZ N T
HLEF A 3D ABEAT 55 .
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2 ZRREAREE

2.1 REEEBENEZR

1 R BIFE AT SE B 2 20 T2 60 4R AR, LI
(¥ BIF 5 TAF (Bar-Hillel % , 1960) == ZEAK 1 T
WA 74k o SR, X R 5 12 e Ak BRI 5 1 52 2= A
2 R T TG 2 i 1 R BRE o O 1 e i 22 R
il BIFFE A TF IR PR AR B R 6 MR R 1 7 v . 1ERE
Jea B LA L, G R g M ol F2 0, AR P A 1k
S ALFHE N-gram 5 5 ( Brown 45, 1992) Fl R & /R o]
B (Fine 55, 1998) o X P A GE 1454 B A SCAS Tl
A 7 T R B T B A, HEA 21 tiEZ Bl
G RE I MEEN L R E SO T IR RE
G 4 B 2 B0 AR O R B Y 1)
Schuster Fl Paliwal (1997) 4 ) A9 7 25 #ift 25 W) 4%
(recurrent neural network , RNN) , Jf H H AR Fji < J
HH1E 12 M 2% (long short-term memory , LSTM ) (Hochre-
iter Fl Schmidhuber, 1997) 5| A, A 84 i R T 1% 458
RNN 754k B 7 51 I A AR OB B R ) s,
A AL AR U Word2Vec (Mikolov 25 ,2013) () & & ,
A3 HLAR RERS LA 1] i P s Ao R 1) o, 3 1
5 RN TR SCRYBRRE ) . Bk — BRI FORE—
#2M Transformers 844 (Vaswani 55 , 2017 ) %) #E A= 41
i T &AM Transformers FEAS HAMRR A9 F 1 22 1AL
il AR T AR AR AT 55 RO R A g
o AL PR HASEES 5 o Transformers M J5 SE45E AL (1Y
PO AN 2 HORCRE 1Y 38 1 I, b iR R F R A
(large language model, LLM ) i) — 4~ 8 22 % J& B B¢
KB B R — 2L TF Transformer 284 A9 1 5 5
B BB Ik B8 B8 2. LLM
>R A TR LR A P A 81 b i R AR A O
R IEGIA T AL E GRS fRiS s MR AR . AT
SERL)IZ BT S AT 45, LLM G 78 RHURE 15 N %
i 5 b Ak SOA AR WUT 55 AT ISR 4N, GPT-3
(generative pre-trained transformer-3 ) (Brown%§,2020) .
LLaMA (large language model meta Al) (Touvron % ,
2023) F1 GPT-4(OpenAl, 2024 ) 2458 1 i 85 i) M g
FReifish A AR TR 5 A PR A AT A . LLM 1 —
AR S FOR BLRE ) L 3R B A 1 AR LA
=R/ SR D INTTRARE IO TR A I ol 0 = |
(Brown 4%, 2020) . #§ 4 #R B (Ouyang %, 2022) FlJE,

YEREIEHE (Wei 97 ,2022) , X LG BLRE I 78 A AR
Ak PR (natural language processing, NLP) 403 & 45 ]
ZWESE o [R) IR LLM 338 RSO0 o 4 228 4 ) 4
il g R SR A I SCAB M 2 (Yin 45, 2024a) o ]
LLM JF & B4 AR REM A 8 RBIR Tk B HTHT
G2 B FA 4R (Liang 45 ,2023b; Hong 45 ,2024) . B
EF 15 7 B (Driess 55 ,2023) B 45 4 9092 i LAY
R IR EUE 518 SRR, S SO RS R
[E1]E0): 7
2.2 EEBAEMEHRZK

TEA: W) 27 Uk, Z2 135 3R H L W AR ] 22 1%
B RGEASNT IR AIBE ) o AR T HLRR 7 8
S, 22 RS B BUE B 2 R s A0, e
B SOA TR USSR — RS A B A
JEEAT BR300 AR A R A A 55, JU G %) 52 2R Y
PG R L o SR, 2R ) E kR A
Z U E PR R R BRI T R AR R R T R
Huang 55 A\ (2021) I 55 & B, W5 7 ) 3R AIE 2 [ 5T
R A ) B R RRE , HL AR R e 2
I, LS Z AR AT R T RAEAN T AR B0 . RS R
B RS A AT LGB 99 32 1970 4R 04 Hh A S8 A
3 #r (canonical correlation analysis, CCA) EATIH
?éj\ﬁﬁ:(parallel factor analysis, PARAFAC) D4 Kz HAth
5K 15 43 )71k o Slaney Fl Thiébaux (2001 ) £2 H AR 45
A EHEE BRI BURTE SR T, RSB
FEAERE TR B 2 2 HOR H X — L 2 e 5
WRAE S E I S BRI E 5.
2.3 AR—EFHEIERNE

UEAEAR , Bl CNN FIRNN SRR MR B 24 2] 4
ARAEE T, 2 RS BIRIT5E SUIRUS — R 5 R
PERE I HAE s e —it 5 AE 55 A 307 U R A1
AR FEREFEI 10 48 P, B SE B 5 A AT 55 i ik
PR R R Rl S A SIS PR SRS . e 0 Rl
B A IR SR AR B A ) AR S B iR A 22—
ALY SO ], SR 0 S HAR L, D ik A
027 2] FIEE A (Mao 25,2015 5 Antol 25,2015 ; Viny-
als 9, 2015) o - Fl £ 54 I JO 2 A A5 2 7400 5 B
BRI RAESS & OF BEE T RS 5 AR SR
7~ HE AT AR AR PE 43 B FUI (Yu %5, 2017; Wang 45,
20195 Xu%§,2019) o B T RLSE AN H RS BE9E
ERR T W6 B T & N = e 80 45 AR S 1Y
5 R4 2 (Qi 55 , 20165 Arandjelovic £l Zisserman,
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2017), SRMHZ, WH90E R T RAL G i — RS
T Ab P 2 A2 B AT o) AR A A ol 2 A2 PN 2 A
AL B R R A SO N S A T R R
(visual language model, VLM) o VLM [ 4% 0> I 4 4E
T 2 2] PR SCARS 22 ) A % 1 O 28 R A7l 41 =
| IE E R Rl Z RS AR IR S RS
BEZSXT L2 2] T 2T 552 ) 55 07 AR A RIS 1Y
B RAL X 2L L BARR I T2 3 471 (E R T
v i P TR) 2 (visual question answering, VQA)
DAK GG R S5 U S B T LR AE T
2.4 TRl F0 & 47 Transformer

Bt 22 AR R U 1) A DRI 2, TIN5 1%
B — PP E SR BT 1 e A
Bl AR b I 25 2 B, SR S X R e AT 55 F
TrioR, EAE 2 GUBIE B 1 AR THR PR fE
4 %M . 3 1% W BERT (Devlin 4% , 2019) | TS
(Raffel 4%, 2020) F1 GPT (Brown % , 2020) 45 i Il £
NLP BB (1 )7 & BFFE N B itE— 25 0T & 1 RS 4 B
SCAS R RN A s AR 2 LA A Transform-
ers 151 A (Zhan %5 , 2024; Wang %5 , 2024d; Li %,
2024e) . T VLM 4585k, Radford 55 A (2021) 4 X 1
it H — EZ B 2R 8 A (contrastive language-image
pre-training, CLIP) , FC i W2 U 2HL A28 ) 5 < P08 20
T 28 M SCA i i 2% . CLIP fie KA 45 & B8 B HAE
Tea) B 5 RH I ) SCAS AR A 1o 22 ) )RR LR ok
YIGREERL, HAEHMEBR T BOR e SCAS A vh i 250 bR
2R EAE A AR 2, I8 R 5 A B R i i T
BCRSOAl IR, ASEILEREAR T M. CLIP R 22
TN HEREA Y A7 A AR 22 SCA I RAR AL . Bao 55
A (2022) % BERT B J5 4, #8 tH BEIT, — 4~ LA
T PG ASE A S TN AT 55 1 A =X ) B Tl 24K
BEAY  (H 25 EE S B AW 7, T A A T I
A H a2 AT K . i, Wang %A
(2022b) $7 i Sim VLM, 245 B R FH R AR 55 M B A
B — AR SR AR BR R AT e 2 s I L UERH T
A7 Vit 1 TR I 225 HE 28 00 o A% 4 R 0 o 5 0 -
Alayrac %8 A (2022) #E H) T Flamingo, B 45 & T WA~
H AN BN RAIY , IE5IT 8 B 45 0 20 DL BE 4
X S AR T T 2540 1] AR 2R B AR, DT S B ES A
F BRSO TR . A, A H T X A
KA NI CoCa(Yu 5 ,2022a) , jE i AR B
At 1 2 A7 KA PaLl(Chen 55, 2023f) 45 i

NSRRI . B Zhad R AN Al 2R B X 5 A R A 2
TR, IR R T AR G A 2% R AE S T RE ) o X L
B 5 P ok X Fp oy 2, G — ST 55 iz A R
g8, e R E AR N EEE . BTE 2, 2R
FRRL AR IRy AR 22 Ut SR 1 R AR AT AL .
41, DALL-E(Ramesh % ,2021) 3£ F GPT-3 4244 , 55
T ISR AE R A BR s Stable Diffusion(Rom-
bach % ,2022) #l ControlNet (Zhang %5 , 2023b ) I ] J1]
5L CLIP T UNet P4 BB AL, AR SCAS s 21 1l ]
1% ; BLIP (bootstrapping language-image pre-training)
(Li % ,2022b) i it Z2 B VR 5 G b a5 — A i 2 HE 42
ASCAR A S 3 U857 , A GO R A SCA
iR, ZHEHRTENLES ABOR (Wang 55 ,2024b) | &
J7 I 2E (Thirunavukarasu 25, 2023) FIASC AR (Ko 28,
2023) 552 SUEE 2 HA RN A
2.5 ZEESKERHHEX

Z RS TN 2 A0 ) 0T 50 8 I I 25 0 e, %
PR SR AR A P 5 i 7 , I L3k SEAR R 15 2 A KT 3l
GERBE T UHAT 55 IR RE AR o PRI, 2 RS R 5 A
4 (multimodal large language model, MLLM) & 1% &
— AN HER PTG, H AR R 6 s . i
B 22 RS AR 1 e A 2 A B 45 i B e — Y
BRI, X5 o FRAE B A IR 5 e g A
BB LSRR AR B 0 0 3 e LLM iy A RIE 5, 14
HFNSCARHE R A LLM #4715 SCHL g F{E BLAR B
e, LLM AR BSOS B ) A A AR A5 I s 1 22 45
AWNE . B, OpenAl# H ) ChatGPT Fl GPT-4 &
HIRGERL, 3 i fil S 2 RS HE F LLM Y BE ) R AT
5 B 2 RS O AR 55 . BRI, GPT-4V 1 Gemini
(Gemini Team Google,2024) &7~ T 4 NEN G IR ZI 1)
RS TR AR AR J) UK T ARZ2E 4 X% MLLM
AR FE AN . MLLM (RIFSE E 2R P TEZBIR N
PR 5 SO AR I, 45 R SCAS B 2 i (L 552
2023a; Zhu 4 , 2023b; Koh %, 2023) LA SC A< 2L fif
A B (Rubenstein 45,2023 ) |, # 4l SCAS #i# A B (Chu
55,2023 ) DU S = AR5 SCA 3% (Hong 55 ,2023¢; L
45,2024e) o VFZWFFEIATBAGE i 8 LLM 5 2088 T 5.
50, ST R TR BRSO i A9 MLLM
(Shen % ,2023; Zhan %, 2024) . [AliF, kT U 2 2%
Ik R 45 P AR AL RE K 0] 1T, CoDi-2 (Tang %5, 2023b)
F1 ModaVerse(Wang 25 ,2024d ) R AT % 1 g 21 s
U MLLM 78 MLLM Hv, OG5 A N 32000 2
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CLIP/02 DALL-E/02 GPT-4/03 #~ PalLM-E/03  mm HuggingGPT/03 MiniGPT-4/05
@Radford%)\ @ Ramesh%f A @ OpenAl 7 DriessZ A\ B ShenZ: A @7 7hus )
7~ SimVLM/08 S Stable Diffusion/12| | #~ AudioPalL.M/06 3D-LLM/07 GPT-4V/09 #~ Gemini/12
T WangZs \ ® Rombach% A ~F ChenZ A HongZ: A OpenAl Google
s%( 2021 - 2023 =y -
o 2022 T
BLIP/0l ¢~ Flamingo/04 ¢~ CoCa/03 AnyGPT/02 A\ Claude-3/03 MM CoDi-2/05 GPT-40/05
L% A AlavracZE A N YuZA @ ZhanZE A\ Anthropic TangZs A OpenAl
(G Pallo9 - ) VIMA/L0 ChatGPT/11 mm ModaVerse/05 zaar Emu/05 @ 3DMIT/07 @ Vitron/10
ChenZE A JiangZs A\ OpenAl B wangZ A SunZE A LiZEA FeiE A\

Bl5 AR AR AR e JRe i
Fig. 5 Timeline of representative MLLM

________

\ r A \
A I x4 1! S [ g
: - 1§ N | :
- E - | | | - — : |
| - 1 | : :
DO 1 | R
1 1 1 ] 1
| -|||||.|. ! onlll : .|||||-|- '
1 i 2= ==y L - el 1 1
{ opge | 1 k4 ' 11 A
E B : i i% : siﬁ&ﬁ] : ik : i L i

] = ! HMERR 1 4 ! 5
! 1 ﬁﬁ& | ! I ! - 1 1
| @ gV L gl U R T e @ ;

1 4 1 4

; : E [ wEms T | :
\ p 1 : FEHRDR [ 1 S SO R

4
1
1
1

________

K6 RSB ML RIFESE (Yin 55 ,2024a)
Fig. 6 Typical framework of MLLM(Yin et al. ,2024a)

B 48 4 T (Zhu 55 , 2023b; Liu 55, 2023a) \ 241
A EF 3 (Yang %5, 2023d; Lu %5, 2023a) 45
B EAESE (Ge 45,2023 ; Stechly 45,2024 ) DL M LLM %
Bl 4 FR 5E #E BE (Shen 45,2023 ; Lu 55, 2023a) . M
FAEGEH LLM, MLLM 5255 AR A 04 7 =X,
0 Mu %5 A (2023) 45 H () EmbodiedGPT, #4456 T 8 &
U 19 P BUTE JE SRR T2 1 N AT 55 o 1 Ope-
nATIRTHE Y GPT-40 AUER T IR 827 > 18 S B iy H]
T3 T OB R B R AT 55 40 T R = AR
LA Z R AR T % o [RIET, BR G AL X Y
Fei 5§ A (2024b) F¥ & T 44 4 Vitron I 58— 18 R 9
FHA 5 MLLM , G862 &b 351 I A 5 34 ik 28] 00 5 A=
MARJZ S 55 2 R 1) — RN AT 55

FRHEEFS 171 % 3D B FEATE = i A 2719
XF MLLM B)v28 , H R E 290 80 1 22 e Ak #1 3D A
BB MLLM 33X SER AU AR 4 T 38 H MLLM
) BRI R T ELAE 3D e A B 5 T SR R
TN P R v AR, A S IR AR A N T B Carti-

ficial general intelligence , AGI) BE3E T & SZ 4§37 A I
Al NI SCHr

3 ZREREBR=ZHPRRIE

AN RATR T B 2 7 1 = A 5 5008 2R
oy 55 AR AR X 5%, TR LLM 5 K Y35 S
PR e 1R DCECFNAE R RIS AR B . Bl X —id
T, B TE R I 3 A5 R RIS 0 B, % 5 20
FASI (i) = e P58 FAE , LASE BT = 2 P08 1 4 1T
PRfF
3.1 =R BRI FRA
W98 el i & F CLIP, 2R I EMGOR SCAR G ish 25
Ry B R MR —SCAS A e — 3RAE , SR 5 W PR 3R
fE. M, PointCLIP (Zhang %%, 2022b) & S Xt 5 =
HEFT Gty B i s B B 2RI B B v, i 2] i 2R
G ZMIE FIH CLIP HEATEREAR = e 732 1F
IR |, PointCLIP V2(Zhu %5 ,2023¢) #2 H IR $E
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SRR B R IR, DN S s 5 H
SRIEMG Z Al iR 22 00 o T HAAI 53 0 % 3 T X0 5 [
A2 . CrossPoint (Afham %5 ,2022) 1| 45 2. 37
P& R BRSNS L2 2] i, BIAE 3D s 5 2D [
PRI AT X B2 2], 9/ INRRAIE 2 (] v 5 A S AR A
fI#E S . CLIP2Point (Huang % , 2023¢) 31 AT AU T4
JEVE G 7 VR 05 e o T 5 X 5 I RGB BRI
TR B A T RS2 2] LIS SR IR B R AIE , IR
FHNRE 2 2 R g R R A AR, SR, 5
XI55 Z 4t EUSORTR], = AE B8 AR BOE BB Iz
RIUE = e B AR TN 20 = AR () e 3
A B 32 PR 2 HR A 5 = 2 B I A A 1 1)1 2
TRk . A, IR 20 T R LG Y 3D S5 A
B AGE T4 648 55 . Bk, CLIP-FO3D (Zhang
8 ,2023a) SRS IEE 7 1), B 22 40 BT MR RS
R o b I FARRE 2RI 2k 3D RS AL, B ek
CLIP [ #5048 11 25 1) 2 7 3] 3D 04 v, A 7 24T
T X Wi . EPCL(efficient point cloud learning )
(Huang %5, 2024e) T 248 S 201 2 =22 0 4%,
T A 5 v oo () a5 A S e e X5
PUGRRAE I 22 R AIE 2K 72 422 2D A 3D B2, i
BEXS 2D-3D i o B X B FE AT TR X R R
3D i B 1 3k B ARG [ &, MvNet (Peng 55 ,2024)
P& — o () Z G il IR 28 K 3D i = Zh
R AR B ERFRIE . I R Z I B il
GRHRG T Y S EE S T G
WA 2206 . ARG, S —2H 2D MG HR R AT, DL
Hu AR F /00 3D s 2 43 2R KR T )1 5 TR A5
B SR 080 . BB AL, Hess 25 N (2024) A 48 1Y
LidarCLIP, fiff FH E& — 0O ik 6], 18 BAT K144
CLIP fix A B 8 2 G i 245 A R0 SCAR FoL
TR ECE DA G Ry b A A DG I, A B X0 1 b ik e N
FI B A S 25 S ek . S5 A R =
RS T 25 HE B0 B il B 4 T 19 450 SR AE, A&l 7
Fis

ULIP-2 (Fei %5 , 2024a) i A . = 5098 , ) H
Token 2% Transformer H Zifidas , 2833 Token F i &
AT 55 e B BUES L Token, JE 1M 32 BUS = 45 4E . [A)
IF, B0 A5 25 W% A5 Token 2% H: SR 248 e AF 119 55
2% Transformer [ Znfib gy , 2212k 25 0 HE At 8 22T 55 A
AR TE G AR AR TR B R TR BURAAIE o TR I
— A0, A4 RGB IE YA E Yo % RGB B, IF

AR =S (8], B B =S R RAE 2 18] . i, il o
3RS RFAETR] A X oo T 25, SE B T /i \RGB
PRI JEE 1] ) JC R 55

M 1K = AR B BOE I RGB R R 1A
IFLNVENTE I 3, 3 H 5 T R B0, K 2D 4
MEFITREE RS 2] 3D FFAE , TRl X He oy > X 57 282
RREZS ], DI T = 4EIL AT 55 A PERE . X 1o —
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Fig. 7 Projection and alignment of point cloud, RGB image,
and depth image within a contrastive learning framework

(Fei et al. ,2024a)
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guage model , 3D-LLM ) , {7 — &5 RTX 3090 il £
27 h B A] 52 3 £ 4~ SOTA (state-of-the-art) 45 5 .
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K8 BHARR (0l 2 B RS R H R (Xu 26, 2024b)
Fig. 8 MLLM for colored point cloud understanding(Xu et al. ,2024b)
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Fig. 9  Alignment of 3D modal, image and text features
into the unified space(Xue et al. ,2024)

A, OpenShape (Liu 55, 2023b ) >R H Z 188 X
Py ST HEZR ] T 2 SO BRI i = Y 2 B
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SR, CLIP EI8GE B a5k 42 17 3D T Je MG B 4%
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3D RHAEXT 55, LT 3D MGG AT 55 v (W B A A 22 |
FUS PR . 3F— 2P HL, Point-LLM R & 50m 3519
A AR, ¥4 Point-Bind 4l K A9 3D 18 i A Hiill 2k
FLLM . X — i PR T 23D $5 4 (H B A fL i
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5 3 R AILART 5 8 o AN [R) A 24 34 3 3 3 FH 4 %
A ATA token 74, IR I AT 27 2] RIS V)4 2%
{model | , A [ BE 1) Z B85 A token 5% 4k [
FERE . X token Bl 5 8 dn A RS2 B H g 1T
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Fig. 10 Unified representation learning framework for 3D point

clouds, images, text and speech(Guo et al. ,2023b)
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3D unified representation learning framework for

Fig. 11
3D point clouds, images, audio, video, and depth/normal

maps(Han et al. ,2024b)
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TF LRI LA AN ARE , 752N TR S5
IHE B E R AR, Sl T AR e BT i 2 AR Y
SYERERY T S R 1) R ECCAR A Y
23 (A 5 =R A () A7 AR AR A 22 5, X LA AR B
) 5 R S i B PR R 2) = ERR R A AR S R 2R L
B2 A%, ME DL e A B i 2 25 b B i SRR TE 2
HLIAAF ST (Jain 45, 2022 ; Sanghi 45 , 2022 ; Michel 45 ,
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Fig. 12 3D model generation(Zhao et al. ,2024)
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Fig. 13 3D human generation(Zhang et al. ,2024f)
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a crackling % | S
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AR ey 4DIERY

Bl 14 pOgi 3l p(Xu %5 ,2024a)

Fig. 14 4D sequence generation(Xu et al. ,2024a)
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2024 ; Zhou %% ,2024) , W& 15 7R o LLM B SEAR P35
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AT mEEMER 3D . MLLM 515 T 3D 375t
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YA B 5 B T AT G L 604, Liplace (Yang
85,2024 ) 4 ) —Fh L T8 B UUOM Llama3 Y54
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W JEE  WD T X SO 428 ) 06 R I e g6 Bk,

SEE A BRI S A A AR M A R R R SO B . Chu 58 A (2024) FIH LLM
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FRAEA =5 307 23 A5 0 LA AR T3 6] 43 A o (], ) RS =, L TR 5 RS R AR
H ControlNet /E A& 5t 944 W e s MR, i fk 7 LLM - H,

. By S B fifE+ sttt e = E' 3 MVDream ‘i

£ il ) "L/w& | @ o |
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A 1 (Zhou %6 ,2024)

Fig. 15 3D scene generation(Zhou et al. ,2024)
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3D FFACIRIE B A I A A 9 £ EE TN ik 3 T
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T2 AR AN AT bR o HAR 55 2R HE Db
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H A R A SE R AR R 9 S LS PR A O Ll it
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BB AR s, 25— SCAR KT FBR AR, LA S U AILS =
RS () A 25 S5 1l . PR o, B0 A 2 AR, 2 Point-
CLIP £ % (Lu % , 2023d ; Zhu 4§ , 2023c; Etchegaray
&5,2024) ff F CLIP Ab 3 M\ 3D B A48 5% 19 2 W0 &
BUE , an & 16 s o 1 56, B A 19 3D s 2 il i
CLIP A5 78 11 Z2 W0 AR £ 52 B gl e e AR B /T 42
B X LR R B % A CLIP (05 J 5 7% v 3R A7
AbEE . [FIR, GPT #EAY I 3D 45 4 #8742 k5 3D
S 2R IO R SCARHE AR, 3 S SO AR B I 1k
AZ| CLIP A SCA G 2% 1, 2k CLIPBEIAY , Wb
F T SCAS R AF 4 %0 55 0E 45 4, T U T AS 7] 3D AF:
55 WRFAE R o X BB AT 55 A 36 AR A 3D 4 4
) FREARDREA 3D DL S FEREA 3D B An K
. PointCLIP V2 1E 2k — A~ 3D JF i th Bt 2 2] (i 4E
I STER T IO 3D AT 2 0 i A B A
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PointLLM , F| F LLM il 2 5 25 i L SE LA 3D
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SRIMT, X AL A SC B SR BN | [ 2h 28 3 55
SR TP SR 0 B 5, 3D R EGENE H
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e e e e e FREAID S E
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| P i ] \"RJ:E
., v HHIE .
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3D FAE

Fl16 = 4Eil Loy EIA H AR (Zha 4, 2023¢)
Fig. 16 3D semantic segmentation and object detection(Zhu et al. ,2023c¢)
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FERCRNE 3D 17 4 5 AE D A E LI 25
EHRPRERI RS . TR, B 5E R GuSF
A (2023b) Fl Peng %5 A (2023) F] Fl VLM 3K HEiH A A
25, Hirf, OpenScene (Peng 45 ,2023) X} 55 T A 4F
fIE55 2D FFHORNC I 53 IR (Luo 45, 2023a) YR
ZHIE, ConceptGraphs (Gu 55, 2023b ) i 1 22 11 & 5%
156 K i A5 1) 3D 28 [B) A A T U X B A Y
TR 5 K . ConceptGraphs #E— 25 5| B HY 3D
T ST EN o) — A RO W <38 il 2 A0 R R
3D 5Tt A O B SCAS AR 1 (Yang 55, 2024b) o
UE 715 R B X 57 3D W S R R 5 SCARRRAE , AT
HETCHE R SRS H . SR, SRR 57 B2 AR S 5
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FEHCT SRR A 3D RURISCAR SEARS A 22 1] 4 37 240
KEFE XTI e R o 7F 3D a5 2 SE B 43 B AT, 4~ —
PRGBS X L 1 25— SO B0 X 58 5 4R B, FAT i
PRATHOAFSE )74 (Chen %8 ,2023b; Ding 25,2023 ; Tak-
maz 55 , 2023 ) i H {5 B EUGAE A 32, B 2 = AR
5O SR SCARRAE A HE 1) SR X 5%, 8 57 SO
53D ML R . OpenMask3D (Takmaz % ,2023)
T SEAEH 3D s 2 A R AN RIS A8 4 3
M, JF T #% 2D W M AS . X 5 T Open-
Mask3D, OVIR-3D (Lu %, 2023b) % & 7 3K [ 2D 52
1] 3 ENBL AR () 2D HEAS DA B 3D e ke i o SR,
AR AEHE R P08, HLAROR T M\ 2D AR A6 b Y
3D AR AR . 1 Open-YOLO 3D (Boudjoghra
85 ,2025) K H—Fh = 20 2D-3D A 9 B SR W, fff
FH 2D 1 FEAE T e B AR ST A30 1 1) 43 RIS AR AT
T /A Rl S 5 SR 11192 LK 37 W S 1 1A
J& U4 4F , UniM-OV3D (He %, 2024) B3 T —F
I3 2 0 s SR WG, T AR IBUR A A4 SR AR, 4G
TR XSORXS ST 3D s 5 Ak
BSBARMIRE RS . Xiao % A (2024) Bl 4 T LIDAR
FRAE R SCAERAE , IF 4 H X R AR R =i ok
TR SEE T 3D A s gy El . O B SR S T
MLLM Hri A B HITEN 2D #8821 3D, S8l T A A
A 3D 37 5 PR (Tai %5, 2024 ; Ton %5, 2024 ) F1 3D #E
P34 (Chen %5 ,2024¢)
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e ) S G A TR A L UERG A SO R . 5
2D PRBE SCAS IR A L, 35 304 55 B 4 [ b 22 30 51
A HALE 3D 1 = Al e 5 b B Y 5 2 i ot
HPRAR . I FE 32 858 1 Se A I S 534 (Chen
25 ,2021c; Yuan 55 ,2022) FI“ S B HES" (Cai 55,
2022; Chen 45 ,2023e) 1 A1 i 2Ok Ab B AT 55 . “ %6
o Ui i 37 3 X A VA 30 FHE [R) YOG R R AT
1L, DLGLER Ty A 76 G 0 for A R AR 1l B, X-
Trans2Cap( Yuan 55, 2022) 1 5o A FHAG I 25 $2 Bt 5
HH R S X 52, R 1 FE O A HE AR B BURT A 1 2245
SEB, & WA sl SeA . gRekn
Vote2Cap-DETR ( Chen 5% , 2023d) F1 Vote2Cap-DETR++
(Chen%%,2023e )R “ A RNES X, ¥ 3D
SO R — R A B A 0 Ia] 8, Jf-fiff FH 5
T Transformer f% HE 22 ff #5 X5 52 2 1 5 7 %8 A4 AT
55 By BT ST AR B

H 3k 275 AR H PR R E TR S 3D R R ok
Fe0 R 3D FRAE , (EAHE A (2 A A B . it
FEIIAT LIM B |l A ] B st 55 5 =X %
e 3D K VAR H T AT 55 09 R BB FL I 24T 55
40, PointLLM (Xu 45, 2024b) ¥4 3D 37 5 14 JUAT L 4b
WA B A S = St 2% , A LLM B SCA T 213
P4 4F % . LiDAR-LLM (Yang % , 2023¢) . LL3DA
(Chen 5% , 2023c¢) 35 1 # & J& 1 Transformer (view
aware Transformer, VAT) ¥ 4% 55z F1 LLM, AATDKF 3D
Yy e i 8 3R il S AL L, R 17 s, i
T8, BOGTE B i A RSSO TR IR g s, LASR
I 3D FRAE . FLUR, VAT #2005t AR B0 A5 80
3D FEAE, IFK AT SR B0 YN 2R 0 LLM f FRAE 25
], E 10 X 57 SCARRRAE 5 3D FRAIE . 2, LLM £
Adapter IR |, GESCI 2 R0 3D T IR 55, an &l
JETR I 3D A B 3D RE A 3D [l &5 B2 g
R4 —BBRF5Y (Li %%, 2023e; Hong % ,2023¢) N £
PRI FRI 3D FAE 3 LA 2D VIM R 3+ M 45 44 2 3D-
LLM. {Ef5 7R A J2 , 3DMIT (Li 55, 2024e ) o T
PBERAE 5 SCAR i AR S B B, B HLAE S
3D ZEEEAE 5 r98ER , NI R 0H 3D-LLM
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4 3D Captioning Y4 3D Grounding )

Input Prompt

Q Describe the traffic content/ \_Q: What is at the location /
4 T i N\

QE) A: The cars are parked in A: There is a car at the

§ rows, and there are people location

& walking around the area. [8.5,6.8,11.0,6.7,1.8,0.4,—1.9].
s \. »

i
( 3D Question Answering Y4 Zero Shot Planning )

Input Prompt

Q: What number of moving cars| | Q: What are the safe measures for
kQ: Atre any moving bicycles / \the self-driving vehicle to taky

9 ( h KA: It should slightly decrease\
§ A: 5 moving cars speed without applying the

2 A:No brakes, and make a minor
&L ) \_deviation to the left. )

K17 =4e ik st BbsE S s s
(Yang & 2023¢)
Fig. 17 3D scene captioning, scene grounding and scene

question answering( Yang et al. ,2023c¢)

4.4.2 ZHEscE

3D 5 B A A e 0] FH Armeni 25 A (2019) 5]
A 3D Gt WOAT: 55 15 A A it — A 1] 1, 3L
SR 3D SEB T AR, LR BIE 2 3D SE I 2
] 1 5 M TE LB ULOC R . B T LU,
JE 2 TAERR T KRB 5 43 )2 3D s [ )
A (Wu%,2021 ; Hughes %5 ,2022) . [a]f}, — 2675 vk
TE{O0) S T 00 S 5 %o G I £ B AR O A O R (]
(Feng 5% ,2025; Wang 55 ,2023b) . Tl 3D 3755 & 1)
WF9E 7 A T LG R ORI T 5E 50 Jn Hw
AT, BEFALGE R SCH T G T Wald 48 A
(2020) $2 H 1) 3DSSG %L 5 4E A1 SGPN (scene graph

prediction network ) #5278 | {H Iy FiU i) 21 4 i S 471 Fl
X B E 22K & . I, Granular3D (Huang 55 ,
2024¢) i ] 9 38 B S 2 ik f i oA 4 R
AR BB T 5, S T 2R 3D 3 5 R
W o 55— D5 T, T S B0 Y O v an 2k il o3 2 ik
A Qi %5, 2024a) FIZETTH e 5 (Feng 55, 2025) , 4 52
T2 S FIRT G2 8] 56 F A0 PRI A 3D R0, W& 4
13D 75 B A R T HE R P o VI-SAT (visual-
linguistic semantics assisted training) (Wang 4§ |
2023 ) 38 32 I 22 455 25 00 A A AR ki AL o 1 R
W, IEAIH CLIP R4 B 3D B fift ke T T3 A5 8
PRI B pE e o Ak, T SRR AR 3D 5t
T, ConceptGraphs (Gu %5 , 2023b) #1 Open3dsg
(Koch 2, 2024) ¥ 3D 5 ik A VLM BYAFAE=S ], I
A LLM 3R 1E 3D 37 57 19 35 A5 B o Chen 55 A
(2024b) 2 F* CLIP JF % T — 4~ 58 K19 3D 373 5t 4]
(3D scene graph,3DSG) FfEFE RS , WIE] 18 firR o

CLIP
AR [’ ________ Ny P
“There is a [A][S] BIEN s
[P] the [O].” -+ ,' Gfios : 13D
L - H e R
e 1
1 B i 4
Gl I
________ /I
-------- \ > T3D
3DSG T g
s T
________ 4 - J

BI18 = 4Ed St Bl (Chen 45 ,2024b)
Fig. 18 3D scene graph prediction(Chen et al. ,2024b)
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&I X e (image-3DSG contrastive, 13D ) 1 38 SCAS |
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TS B2 T 5 R HAE — R I RIS R AT,
527% 3D Y SHiE Bt 3D 7 5 AT 55 LA (Rana 45
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(Yang %, 2023b; Yuan 45 , 2024a; Zhang %5 , 2024¢) .
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(Wu 55 ,2024) F F LLM M SCA$ i A i BRAE 9 2
U, (o T i o % G T i Uz " L RE B AP
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T HERTTER . A 2SR AR R AL A
S YA 554 NP N = G HLAS N = 441
VTR HAAT 55, BT 55 R FH AR 1) %K
PEAE PP FE bR . I8 i RS KRB 55 5 Ak
KAFEI Ty 75 A XT HE , 38 7% 3D-LLM 7E LA A\ = 4L
B N T T, R AR SR B 9 ) R S B 4
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5.1 #zd A=ZEHTEX

TEAL s AU | 42 8 58 30 1o 43 A 1R
SR i LA & Mo 2B 1 5 DA VAR A TR
o BRI, ke Ty ik R AR TR 7R T AR VC T, 30 A
TR EURG 0 0 P AR, ke = X1 iRE AR B Y
PRI o Ry B ARORT 58 RS A (0 A, A 98 B R R N
SRR B L0 R TR Y A A ATUBOR 5 B Dk
XTI S IR A TS oK, IFRE T HLAS A 3D 4T
ARG T 1) o e ik R B, 17 2 T/E#R 2
T4 BB 28 0 45 1 ) AR O 125, LA = (Lundell

% ,2020; Breyer %, 2021) FIHE &l (Morrison 45,2018 ;
Kumra 4§ ,2020) 4 21 3D £ o 10 24 /A
FEBYBE, LLM LML ASTAS 2] T 32 MR o
ST AH LLM REAR I 72 4145 F1 3D 37 5% 1 F SOk A&
BURA R B4, B Se 5 B X EhEARIE . LEO (Huang
4,2024a)E N E 3D BB 2T 55 2B i FH A
RBIAR, TE G —HEZL RS LI e fnds 00T Tk
RS PR IC R R LA Nz 8l . XA
(Hong 45,2024 ; Zhen 45,2024 ) 4% [ 1l A [ (19 sh A
BRic, B35 A bt Ay 3D 23 [a) e (AL g A Sh AR, AT
B AN REIAT R 22138 25 AT 55 . 4R, BT
20T X AT R R SRR AR (Li 55, 2024¢) , FF
L T W TG B nTHR A E R . A T X
— ), AF 5 B VLM ELAT 3l 3 900 S5 8 i A S
3D ST HR R IWBE S . PRIUL, A T 454 VLM
A1 LLM % 3D H & MLLM. il 41, Voxposer (Huang
45,2023d) A1 T LLM M iy A4 4> B BCRT HIPEFn 2y
HEA, IS VIM AL A L 58 A5 B AE W8 25 [i]
F 3D IR &, L4 AL A 3E B . 1M Singh 58 A
(2024) FEAE MLLM (95 YU FE- pRHE B AR 0 , (]
P50 B a3 4 St e B0 A e AT 3

A HIHLES N = eI 2 56 T B EE , iR
T B AE AU S L0 &2 2 G HE R A A T
J5 AL SR PR, S RUATY 35 A L St R 4 7 DAk R
TR R AT o A i 2 W AR BT AT A ek
HEAS ], AR 58 AT AR WMo 45 6 3D ML AT 55K
3 N S v AR 2 AR TR
5.2 HBEAZHMESMm

FERLAF N, A 58 1 AR R R 26 7 fr
1 W 5 (simultaneous localization and mapping,
SLAM) J7 12 3 ) 7t v b 32 110 7% 42 5 ] b J&1 . 3 4
L BT HLEE A 3D UL 55 4 52 R IR 2 HER
(Chang &2 2023; Singh £ 2023 Liu %5 ,2023¢) %
3D s VI G5 A i DR R T 35 1) 25 ) 3R [
BN R T 28 R R8O 8 LIM 4Rt T F
R IE AR T (Gu %, 2023b; Werby 25, 2024) ,
AT 8 3 1 5 T ML N B R AE BLRE . ol
ConceptGraphs (Gu %5 ,2023b) FF & T — A~ LAXT 4 R
UL 3D M R S8, K19 TR . % RS
RGB-D JFFIME M4 A, FF38 3 FF R ) H e i/
3 BRI AN 73 F X 4 . 455G X SEXt
GRIE 3L TUART FRiE ORI B £ 5k X S5 R AIE , 2 11 7
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LA R OB, 1 2B A 3D 28 R T A R4
SRIG R LVM Ry B4 3D W4 Az Wl a3t | 1)
LLM #EWTAHAR 1 G 1 56 R, X LE e RAE G st K h
FHONEED R . T A ) 3D 35 E AL
BAFFHORIT, fe B e ik E vk e se v FH T 270
W55, il 5 LR N 3D ITIBURTL B 00 55
15 . 1 HOV-SG(Werby % ,2024 ) $ Hi —Fl 43 )2 45
F 3D 37 5 (&1, 38 2ok 43 il 5 A 80, £ Voronoi 5]
i TG R B AR AR R LA NS, R
HLES A 3D M5 T 2 e B T — R B 2, (HAK
SR T I AR 22 Bk % (Huang 55 , 2023a; Wu 55, 2023¢) ,
P91 AR A I G 19 ST 3 5 1 3 PR 0 A e LA
WHEXT R B AL AT . X E IR PRER, 17
Z W TAE#AT T 2 F 220 5 8] % . VELMA
(Schumann 55,2024 ) il i< SCAHE 78 28 1) o 22 1942 3
Bl , SR 05 A LLM B0 878 15 51, A 800 % T 52
ZRITT ST T B SR, Vemprala 55 A (2024 )i
BT R 1 B R U 2 LT ChatGPT
FERLAS NG o A T X3 ] — 25 AN ) 552
BIXT 4, IVLMap (Huang 55 , 2024b ) 1 F S8 15 5 e 4t
Sy HAT SR @ A B B S0 H bR, IR A RS
T A o0 LR AR 1 i 2 o AT 55 . A,
NaviLLLM (Zheng 55 , 2024) i 1 5] A J& F 45 X A #8
A, RUE M A5 B AT 55 B 5k A LR R, (45 LLM
BTG N H B M TR oK, OF H S E T T AL AAE
KA s STz BT .

TFRGRICAAEN

E A UIEEIES

BERAE 3D

MHTAHLAS N = AEA 8 S AT T VR R AR R T B
B ERE A BT TR, BAUBR T B HOAEE )T B R
g Je 2 KB4 2Ll 2 2R 1 ) 55 .
5.3 HMfESH

B N ST 1 G TR i o > AU i i T e
1155 B /N B SR R A T 25, X BRI T A1 45
NG s Bz A o R e X — SR BRE SR
WF5E 7 1 (Song 25,2023 ; Fu 25,2024 ; Li %, 2024e )
1] T LLM Al VLM 45 FE Rl AR 5 LS AN &R
Gt RXECHIRUANAIG SR T AL A6 BB 0 B AN 58
HRES ISR HE T R SUBIMLER N R G K
T = A58 AL A58 AT 4 B2 F P, MILLM B
TTEHLES A 3D USRI S AT 55 DTk i, b A
VFZ AR BFIE TAE, W 19 B o 78B4k
VLM 38 i 2% 2] W0 5 R SCAS B4 2 ] 7 G B ke 4 it
5 S B A L DT B B 52 B N 3D 43 2 (Hong 55
2023¢) 6D &AL (Cai 25 ,2024) LI K TR 5
X 5 ,2024) 54T 55 o HLER AR il oy
FNHEPR A G, 8 5 30 L 05 2 B s R AR
JUAA 5 EoRAL T B bR Ak bR 1225 . [RI B, Founda-
tionpose (Wen %5 A ,2024) fifi FH 6D ¥R LA IR 5, 52
LA 128 2R 189 5 =R AR 47 1A 7 B8 v KL
FHETH A LTI . 177 Scene-LLM (Fu %5 ,2024) it
— 44 VLM 9 I F SO 5 3D 31 B 5%,
TP SCARHAR 5 3D I R X 5 A B B B 1
AHSCIBE , AL N\ FE 1% T g ey R A A5 J) R A B 5%

HiARGB-DJF1

RGN
=k Rl |

Fig. 19 Robotic 3D grasping, 3D vision-based navigation(Gu et al. ,2023b)
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TEDRSE HLR)4B , LLM F1 VLM fE U BI ML S A HEA 74T
55 R, LA R )2 B (Rana 45, 20235 Song 47
2023), XEEILT LLM BAESL G 55 T T 12 A HfE 2R )2
U, WG T A S A A (Liang 45, 2023b)
Al F [ SR E XTS5 R0 247 3E B (Mikami
45,2024) . LA BFSE N BL A SR I R R 3
2% 2 i R $E L I 15t (Han 55, 2024a; Bartsch Fll Fari-
mani, 2024 ) , & FHLAF A1) 2E TR FPERE

SRINT, BT B = KAUEALER A 3D £d ALk 45
R BRI T AL BRIz Ak S . I H, — Sk
W RS TN 2R 2D FRAE 32 T3 3D 25 (]
OB 3D FRAE R F] 2D 25 [B] DL 2D SR A L X
RN N B 7R R sy TN (=0 SN <SS R N
SEA N R BEHINT 3D 25 ] 06 2 1B

6 HIEE

554579 1 = 4R a8 N FHIK 3l 7 AR T 3D B
L IFHES 3D BAR AW A S . AT R
3D FARAE AR S s W SR . RS L
TR AR T 2 B8(F B 0y 3D Mo i 5 i 4 .
30 o [ JAT 3ok S S Al A 1 e S I AR 2 LR 20 1 %K
AR, EOWR I T AR OB A R s RN 25
AT 50 I 1 BRI B AE 3D P E T A 4 A A7 HE Y 56
HEVER, DB T i oE A $R 40 T SR BRI,
TR #E T 3D W0 o 5 AR AR 1 A T A . A,
PR X SO AR AnAn] S AR EiaE AR n A e, DA
SRR K -
6.1 EARZHHIFEE

i Fext 2D UG b 6 G AT 1 SCER AR R H AR
FENL AT 55 T U T B KR (Hax 2675 1
BRI R T 2D Ef% . SZBRT RGB-D %4 di R
A 00 15 B AR TN 3D BHE AR AR AR R W% 3D
B ERAAE T AR . A T 3R BRI 3D 4l 42
PASCRE 3D 7 S BAHAT 55, S T 1P 1 280 T HIF
I AR, X 3D E a4 i W AR N R TAE A
T E R TTER . 7R 3D B AR 1Y LI A e B, A
T RE IR AN L 19 F 3D ot (5 2., Rl
— R RIE S R B S 3D e B AR 45 G s T .
FE TR R A 3D LA B AN Sl
F 15 B AR SR RO B AR 3D BdE 4k .

ScanNet(Dai %,2017) &% 1 SI3ME N

2.5 M RGB-D K&, 11> 37 S ER S (AL ARALAL B %5
& YRR F R . BRI A S
T A h Ak R T AR AL AR B RGB-D 4 3K
RGTE M. B E T TR I INETE 3D
FCH A ATUER (O BF ST, AE 3D X 4r 2 i AR E AR
M CAD B R I T LStk . R4
ScanNet HURJE K H AR T 4= 5 A0 1 B4R S, (H A3
KA T A, AT BEAFAEAR T o i AN — B0k
A B}, ScanNet X B 424 A0 A B0 A5 A9 4 85 FR 1) T %50 Ps
KA E LA S

Matterport3D (Chang 45,2017 )£ 1% 90 > EH 5 HL
B35 1 194 k lF RGB-D [&14% , 55 10. 8 k 425t
PR SR AR FRAI T = AR 2238 i AL B, Jl
Jié % A% M6 > 5 1) 1Y =i 2 2538 Hil (high dynamic
range , HDR) f8 i S 3% 2R TR A , & W5 % (1S
X FF IR BE K . Matterport3D 0405 45 DIUKS 6 1 4 Jm)
XF 3 R A R TR TR AR O R A
T ] O AV TC AR A T R T Al
X B SRR AR AL T AN 55 . Mat-
terport3D HLA 22 RV &y o 1 B0 1 L, H AL AF
TERICHE R 1Y 1 AR FTEG A TR

ShapeNet(Chang %5 ,2015) I\~ M A LR A7 2 11
ZA LRI T4 S 3 M4 3D CADRERL, %
PR A B ALFE A S AT 2O TSR, LLAR R A5
AU ot FIERPE . ShapeNet 38 i WordNet f i S
FMML, SCHFZ ML S5, G AE LRI 3B 4 R U3
s 5 Bf# . ShapeNet B 55 78 T H) 2 1978 3575
BRI P TR, (R Bl SR A AR 1) s 22 i ) - A
WP, X AR SR

3RScan(Wald %5 ,2019) f 7 478 > % N FR I Y
1 482> RGB-D 131 5 51] , 1 o 22 UC 1 i LA $12 26
B2k . B4R 8 1d Google Tango I FH R4 , 441
PLZE SR HE NSO S 1) J b B, LA A BSOS i ) 3D
AR B B 0 TR B LR T S A
XGRS IS FRIEJE 1, 3 T4 39) SLAM 37
SR ARSI RN G L O SR 55 . RSB R 2
FEPEFALEE B B 325 % N IR B Y 52 Ak
Xof HSR AR bR 1 i AR 4 1 R A

3DSSG (Wald 4% , 2020) 3& T 3RScan & P ¥ 3%
3D H AR AR L a2 A 3Oy U, BRI
W HIE R, 3DSSG U 14824 3D 5,
A RSt — 3 S R 3 6 R T UM 2R



BHE, TER, KTA, EE, thin, BRZ, &K, KIE, EFEE, THEE

$30% /E 68 /2025 £6 A

SEERERIRI ) = YN BB RARIGERE

hand bag: item

shape: rectangular

color: white, brown
g material: leather

ottoman: seat
fumiture

shape: rectangular
color: brown, dark

ScanNet

Air Jordan 1

S"Ped with pet. bicycle. car makes a u-turn,
Lane change, peds crossing crosswalk™

Objaverse nuScenes STCrowd

Q. Where is the medium sized ¥ Distractor Target

printer or a lamp?

A. in front of right bed
ScanQA

“a boat with a red and blue stripe”]
“an apple with a leaf on top of it”

UniG3D

Query: <image>What is the category
of the scene shown in the image?

3DMV-VQA ShapeTalk

a couch and a chair, resting
a dark base

LiDAR-LLM Multi3DRefer

Response:

There is a dog
[0.1,0.4, 0.6, 0.7], P

and a person with h T

the position from  Fdthe table that is closer fo the
[0,0] to [1,1]

and in front of the toaster. between the two covches.”

LAMM EmbodiedScan ScanEnts3D

It has a top anm
The base is thick|

1
The lampehade £
Q. Is the computer closer to a is, tapered
The body is
A. Printer not as omate

The coffee table is on the right 4 =} P
side of the TV stand and close to - e
the gray sofa. It is also on the right

side of the slool.

ATamp is situated in betweer ~ Question: Thera is a dark rectangle thmg in
front of the L-shaped sofa what is it?
on a small table and featuring ~Answer: table »

Question Type: query object

affordance: sitting

’ w& o Finc-grained Mesh and Texture
A Category: Two-seat Sofa

: ol » g
Query: A black chair in the right 1. “The chair closest to the door.”  jeme: Smooth Material: Leather
corner. It’s next to a table.

2. “The char under the chalkboard.” Style: Modem

ScanRefer Referlt3D 3D-FUTURE

Point clouds  Rendercd imares

OmniObject3D

There are two pieces of pape
on the small beige table.

Pyramid-XL

q .

3D model of a sakura soft drink
can with purple and yellow
gradient, Japanese writing, and
purple flowers.

Cap3D

ScanScribe

A large, L-shaped couch.

CLEVR3D M3DBench

The room appears to heﬂ.mctmna.l, with The living room is a blend of
counter, it is farthest from the chair “7he sqvare end tobie in the comer the nightstands providing storage space Korean, Japanese, Light
and the telephone for commuuication.

“This gvitor is awooden ocovstic gvitor
mith o hollow body and sound hole.It”

MMScan

Luxury and Modern styles.

SceneVerse 3D-GRAND

K20 =Zefdngeon A
Fig. 20 3D dataset example figure

B 9 R ARER 3D F 4 A B AR S, i A )
INIXEER Z [ IR . 2R AR RS S
T SCPREE U S N T 36E , LA O E i i o o
FIHERGTE . 3DSSG i M1 T 3D 37 5 BT 55, 4nih L
A3 GRS A s A AT 55, JC AR B Bk
ZFAN2D-3D AR R A . AR, 3DSSG b
TSI S i B R B S R X R OC R Y
SRR A EE PR AR

Structured3D (Zheng 55 , 2020 ) 1] FH %Ik % N %
THUM Y BT A0 8 1 BT e | A i, 405 21 8357
P 6] 114 3D &5 46 1 B¢ R 3 196 ke i 18 L1 2D T G
KR . Bl A sh AR RE , LR 5 2 1K
SO R U LR S5 R 5 5L, 38 A7 Ml 45 Y T
S8 A b B R . Structured3D i T 4544 1k

3D AT 55, G s [B) A R A3, il ik 45 G B SRR
YIGRIREE 2%, 7R 1 (R R ERR 2 A ek PERE
Structured3D #A7 3= 5 B9 1 B AT FLIE Gy, H W] AT
TEA AR 5 B SRR 1) 22 5 [R)

HM3D (Ramakrishnan % , 2021) H Facebook Al
Research Bk & 2 fr K2z 3L [l A €, 0 &% ok A 28R
38N E KA 1 000 I SFUAABL A2 A 3D F . X8t
4 38 3 Matterport Pro2 B4 A AR, I 280 )™ 4%
F14) i 32 11O e A2 R AR T 5 1) 2 R
Fiik . HM3D H 2 SR U AE 55, Akl i
Jre A B TR SCTE R, LA ST I R Y AR AT 55
HM3D ] {3~ 5 5 8 6 A HL Y 2 U473 Be
FIRAESE , JUHGE T2 N RS . R4 HM3D 7E/L
" 188 L3 R A S R v D T R B H R Ok
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P AT RE P e A A Ry, R D TR
KW M AR FAERE T R HIX

Objaverse ( Deitke % ,2023b) £, 7 818 k > 3D i
B Fe FSCA R B 55 21 kAR 285, i T
Sketchfab ~F- 5 3 H1 8 10 77 44 ZAR Kkt . Hudla e
i K 5 315 Creative Commons U5 1], A4 T i FH 1)
BEES 2R, Objaverse 18 i $2 A0 A PR AT
PRI, SCRETVZ (4 3D N A4 3D AR U
Wk KRR o3RI TFHORTE AT LA S A e 8
A& YE P . 2 T Objaverse = 4K #t T
Sketchfab - 5 [ N 2% , AT Ak = 5L 8645 1 S 19 42
T 7 3

Objaverse-xI(Deitke % ,2023a) % T Objaverse 5%
P 4L, A & 10 M > M\ GitHub ., Thingiverse ,
Sketchfab . Polycam Fl1 5 %5 £5 J&. 2 23 S5 R AR 4L 1Y £
FEAL 3D XS G B4R 9 R 4R 3 4 Python A 1 3
A58 B, 38 8 Blender FOPF 471 Y A L H AR
Objaverse-XL ifi FH T 3D #9 AF: 55, WO ¥ AR 6 1
3D EAFIAE N, REAS 35 SR TR I R REAZ AL BE
o REBHREA B Z RN T BA R A4
FEAEHICHE 00 08 7 Ml 22 AN B AL R, LA KO 3E BT A 4
AERXT YN L P REASE R FE G, AR TAE T BE
SIPRF QAT AR S R 3D HiHla AR A RS, O 2% 1 dn ey
PEPERE AT 25

nuScenes ( Caesar 25 ,2020) nuTonomy INGID S
AR T 85 5 ] 3Bl A 0 A 3 T e 6 SRR
S SATIBM RO HF B G, FE 4360 2 4
T i Ff o nuScenes £25% 1 000 4137 5t , 5137 5t
20 s & VERVWRTE T 23 200 AY 3D 1 FAHE RN 8 4
PEo RESRTEY S 20, 8RR HDE
HRZ&F . nuScenes SCHF H 8l B R 20T 55, 0
YRR BRESFIAT MEA . nuScenes HLAM T H = 4>
D5 A B EE 1 A 22 B U A A LB
WAFTERE 19 52 PRI ] A1 R A1 AU PRI

STCrowd (Cong 4§ ,2022) H I Mg Bl K22 5541
P A R4 il i 42 3k 128 SO & s A H 3%
SKAEA 3 5 R AR T R 3R 4255 219 k1
A7 NS, 24 5 20 A, BAT v 5 B8 ™ H
MR . STCrowd £8 32 W 46 i 1 A 25, B I 1 ki
UERRPE RN — 20 . BSOS BB 21k
TR Al A AT AR 5 IR ER AT 55, T PRt T BTy
o STCrowd 3= B4 v T4 [l BR 5%, AT BB AE H A 3

SN AZALBE A R IRAE . SR M7, STCrowd 375
ZREME A A B, ] B S M AR 7E B S 2 AR A
IR
6.2 =HURBEHRE

T LLM 3T 47 R A o 3% o e, #9 # 3D-LLM
N T 3D s B O — AN AR i R R
1M, SEHT 9 3D-LLM H REfff X 52 9001 4 K8 42 sk
A PR 2B s 8RR | DRI AZ BR T 0 5 400 1Y
PRAFAE S A R 25 [H] 56 R AR, S BEA L, 3D
Y B R 2 RS =E & 1) 1R 30, X R
A ) 3D-LLM P HE v A A B WA B X fefifi
SR T EA ZBS R L T SR
3D 37 S H R BR 4 , B 3D U315 S BE 4, il
YIZRAPEAL 3D-LLM $2 4 2 Bl 2 kF . AR
FEA 23 BUAT B IR 3D W58 BRAR AT 55 1 3D MU
B, HAER L h ol e e AR S s
BB (S4B X 2 3D WD ih 7 B
EREZHRTIA I FA 3D B4 , 41 ScanNet (Dai
4%,2017) fl1 3RScan (Wald 4% ,2019) . 3D #l5if &
B A8 3 SR A () A 7 8 SR e AR X 4R R 1) 3D
PRAEAT 55 BEAT I, DT J B0 1 4% 495 B9 R A
T HEPEREAN A 23 Y 1 3D W S R A A AT
R IR BCHE 45 R R RS, DL R AT] SR B
1% .

ScanRefer(Chen % ,2020) 3% T ScanNet f4 2 , i#
T 800N E N RN 11 0464 3D X4 IEHEA
51 583 A HFAMMI N T 3CA B . B A iy ik
PR BRI RS TSR, R
& ScanRefer $& it T KA H 2 FE I = A B H
W, {H LR AT RE A7 3 3D X G A I o A e 1 PR
XE S TR E AR ). W w1 AR TE
iR 5 3D Y5 6 R 5& 2, ScanRefer 2045 4 1T
EHAGE T 3D L E AR & e IR 1 PR
fir A zs 18] 2 i PERE , 4 3D L 515 5 22 1 I BF ST i
HET R

Referlt3D (Achlioptas 5 2020) B EHE S 3D X
SAEI S 5P Ak BRI RE S . B SESLT
ScanNet [ % N 37 e M), W0 35 T 76 A4k B 19 X
S, BT F RS T AR HE A Ne3D i SR
BT 25 A K R WA BUE T AR 1Y Se3D BdiE 4
Refert3D 2 3D X G2 U5 F1 25 1] 56 R PUBIAT 55 $ 1t
TFEENEFICHEE . Ne3D i i AL - 4 W sk S
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KFAR, ZEE, fhi, BH=, SFHERK, K, £, THE
SESRERIRI N = LR R EBBRAREHER

AHH R 1T Se3D W E A 11 A5 (] 56 &R [ B AR B
iR . Referlt3D 58 [ X & 24 37 5 () B 5 1 1) g
77,36 T 3D AR R A 2 B85 B AL 55, (H R A
AR f 3 F A G VR R R e TR 4 B R
3D-FUTURE (Fu 5%, 2021b) i B B B 2 4E A1 41
&, BRI AN T 3D KA AR SO 5% Sk 11
2o IZBIRER eI 3D TE Y2 LT Ll
BT IRA AL B [l 5, A2 BT 20 240 iR =5 R
ENEE, R T 9 992 ST 425 A 3D 4 HLAR
A SRR TR Tl A, B = R A
() JLARf A Se 3R @ 1 . 3D-FUTURE $2 4 % 2D-3D K
B0 55 il 6DoF AR, o 3D X G 2 84k 1 T
EUL Y 3D TR K2R LR 3D T & A 3D TR R 803

AL S5 RTGEAT 55 $E it T A O SCHE. SR, 3D-
FUTURE = % R 48 T 582 %8 N IR 8 , BR ) 1 HLAE
35 Rz N H

ScanQA (Azuma % ,2022) J5 B ScanNet, #8171 H
A A ORI T G B A A, 55 41 363 ]
XF, B 800 M NI . Bl RAE W K A Sh ki)
eSO Ra o NP bR SN RV P S RT3 €1
8L 3D LG 0] B AT 55 Ui, SR BEALA 3D 44
A5 S5 R SCAS ) 880K S 37 37 5 v A G R 4RI 2%
2. ScanQA PLFTE T F & /Y ) 255 A 24 1Y )
B B AR5 B S A S . SR, A ik
Az B 0] R AT BEAEAE AN ER SO AR DG 1Y 37 5L
T N TRCIE DU AR 38 & . ScanQA XJ 3D-LLM ()

F1 ZHUREBESHIEE
Table 1 3D visual language datasets
IR Mgl HRER BiEn, S — e
LV AR Elf5
ScanRefer( Chen 4 ,2020) x N N 0.7k N N x
Referlt3D (Achlioptas %5 ,2020) x 0.7k N N x
3D-FUTURE(Fu%,2021b) N x X 5k N N N
ScanQA (Azuma % ,2022) N x x 0.8 k N N x
3DMV-VQA (Hong % ,2023b) N x x 5k N N N
ShapeTalk ( Achlioptas % ,2023) x N X - N N x
ScanSeribe (Zhu % ,2023d) N N N 1.2k N N x
OmniObject3D(Wu % ,2023b) x N N - N N N
Pyramid-XL(Qi % ,2023) N N x - N N N
UniG3D(Sun%,2023h) N N x - N N N
LiDAR-LLM(Yang % ,2023c) x N N - N N N
Multi3DRefer(Zhang %5 ,2023¢) x N N 0.7 k N N x
CLEVR3D(Yan%,2023) N x x 8.7k N N N
M3DBench(Li % ,2023¢) N N N - N N N
Cap3D(Luo%,2023b) x J x - N N N
LAMM (Yin % ,2024h) N N X - N N N
EmbodiedScan(Wang % ,2023a) x x N 52k N N N
ScanEnts3D( Abdelreheem %5 ,2024) x N N 0.7k N N x
SceneVerse (Jia % ,2024) x N N 68 k N N N
3D-GRAND(Yang % ,2024a) N N N 40 k N N N
MMScan(Lyu %5 ,2024) N N N 52k N N N
e R B AR SO TR 55, A A 0 R S B AR xR B R SRR WA 55, e AN A ot

IS B i AR 1
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PEBE S I 52, o B iy 1) 2 2] o B A 4
FE RN R AR BT TSR 3D 43 [AIRRAE (14 BE A
FlnlZERe .

3DMV-VQA (Hong %5 ,2023b) J§ | HM3DSem %
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