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Class-Agnostic 3D Mask Proposal and 2D-3D Visual Feature Ensemble for
Efficient Open-Vocabulary 3D Instance Segmentation

Sungho Song' - Kyungmin Park™ - Incheol Kim™"

ABSTRACT

Open-vocabulary 3D point cloud instance segmentation (OV-3DIS) is a challenging visual task to segment a 3D scene point cloud
into object instances of both base and novel classes. In this paper, we propose a novel model Open3DME for OV-3DIS to address important
design issues and overcome limitations of the existing approaches. First, in order to improve the quality of class-agnostic 3D masks,
our model makes use of T3DIS, an advanced Transformer-based 3D point cloud instance segmentation model, as mask proposal module.
Second, in order to obtain semantically text-aligned visual features of each point cloud segment, our model extracts both 2D and 3D
features from the point cloud and the corresponding multi-view RGB images by using pretrained CLIP and OpenSeg encoders respectively.
Last, to effectively make use of both 2D and 3D visual features of each point cloud segment during label assignment, our model adopts
a unique feature ensemble method. To validate our model, we conducted both quantitative and qualitative experiments on ScanNet-V2
benchmark dataset, demonstrating significant performance gains.

Keywords : Point Cloud, Open-Vocabulary 3D Instance Segmentation, Class—Agnostic 3D Mask Proposal, 2D-3D Visual Feature Ensemble
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Fig. 3. 3D Visual Feature Enocoding with OpenScene

Nz E4 0'2 Ag3t= 9P (Built-in Features of 3D

Mask Proposal Module)o]t}. (2) & HA] Hl"?jg APA e5E
32 ZQIE M E[22, 231& E3f viAde] Z3Hd ZAES
9] 32 A EAS FE0to] AHgSh= Holth A W
A I £ A BHo g Aoyl EASZ JHAE 7Iske

A E4E vl AT HAE w8 oujyoz FE
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Aow AHHEHo] I& A 7t9] miHo] 7hsdfokeitt

(3) Al MR & WH-S OpenScene[2017 Zo] 711 of
3] 24 AlZk-9lo] Yl CLIP[11]02HE R4S 72
32H AlZk-<1of BE[19, 2017]6te] HlAEQF FHH
Q17 t|(Text-Aligned 3D Point Encoder)E AME8h= H'H
o} 33 AlZb-do] 2El2 Fig. 33 o] <5 AZE %J
CLIP[11]9] 23+ AlZ-910o] A]4)(2D-Text Knowledge)=
gty o] AAlg EY R 234 wAT 331y EQIEE cﬂ%ﬂr
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3R /\] +2 EX](Text-Aligned 3D Feature)& =& 4= 9l

t-lo] Hdlo] ZRIE RIFHE 53
T 7HA IEY A EYE vEA, B
o ofu|F viio] st Ajk mE
OpenScene[20]9] EQIE AFEE 53 &9 33 A
2 EAEL ARSI} OpenScene[2012 ks Alof| XAt
S ol HsiAet A 4& S5 W= CLIP2Scenel19]
= o2, S5 TS MEF-ol Feles &8 AA &

I SkESto] o optt HAE AW u|F o= o] 7}
sotte AHS 7HAAL A
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MIHESS OpenScene[20]19] EQIE <QlF o] s}
MIHEYE 334 A 44 EAS & H"HE} o] I A1
HE SubE ‘?1'5301 FFHOR k9 AIHEES Ve

W 339 A4 B4 FPekx D7} dojRA "ot
3.4 HIAEQ} K= 2XY
ol dojlA= HAEL} AHH
= Hgol thste] FAF o2 AYsict 234 A|ZHy
A& AFZF AU E YL Fig. 49} Zo] 34 349 upAaAd
€ 9H-§ RGB Fol FFotx ZAhl= FHP02D
Projection & Cropping), 22Fd £4 & 4 A4 FAH@2D
Feature Extraction & Aggregation) & TAZ At
A AR 2A A= JE2 [7]9] EE - RGBD F747
E7q9l 33+ mtATE EE A9 NH9] Al S RGB 94
= Adsidict. LAH o2 dgstd, 4] (1)3} 2ol 32+ rf
230 23bg ZRIE Py, =(z,y,2,1)F ZF RGB G4 A1
o] i}t sty 7 R | T 99 A4S B9l 24 =
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22D A1ZHE EA QA
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depth, = d
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w —d < threshold— appeared

Equation (DA (u,v)& 3 wpAazol] 23 ZQJE
59 RGB @AIA9 HA(pixel) FHEE, we Zol &
(depth value)& Uephdith. 19 o3, i 7,9 g4 =
E (w,0)oA9 ol g wit YH ol FA(depth
image)ollX19] AA| Zo] 3t de} Hlwste], wpAF Y] G|
A9] 7ML Tt w—d7t AAGES F Feole X
QlEV} th2 AFEO] 93] 71 A kT (occluded) TEksl,
22 Bole B0l 54T Ao g wrsto] upam Ha
G0l 54T EJE 45 AXlglct. o]FA At 54 X
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]34 (Vision-Text Matching) 3 2+ 33} ZOE ZFak$
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sh= A2 Fig. 59 Zrt
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< shte) Fejaol ofet fAHE Hg 52T 0 Tg
Fafct,

SQD* Text _ maX{COS(f?D’FTe.’L*t) | 4= 17,I€}
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A ehgote] ARgsieltt ol AR shES Y9l ShEE
(learning rate)2 0.0001, &3} <(optimizer)= AdamW
£ AMEStTh g, Ao ZE 9] FHolE "AE QIFT 9} 2
Ad AAA EF QA E = £ o] 76831 AFA ek

H CLIP ViT-L/14 ZE[11]9] HAE B4 QIAH QL A 23
EX AFZEE ALotFct s, Aot mdo] 3 A|ZHH

A JFYZE CLIP ViT-L/14 2ZE[11]9] #4] Hol& &
o] Abd Sh5E OpenScene[201S A-85t3ict. AF =d
Open3DMEE Ubuntu 18.04.6 LTS 2304 Pytorch B2
gho|B 2| & o|-&sto] LA on, GeForece GTX 3090
GPU 27117} A A€ st=go] E40lA g5 9 A5 BlAEE
2135ttt

A AR A2 ARE BHlofA 32k mpAT AIRE: {15
gk T3DISIOS] 4= dS55t7] gt Aol o] A
oA (1) ukAT AIQF ZEE Mask3D[51E ARESH 39,
T3DIS[6IE AH&5HE] (2) 911 AR 283t B, (3) kol=
AA Bz 2 g5 483 4, 121 () A =dt
2ol A BHE FA} o2 A|A HE A} Shso] B A
|H A=S vlustalon, ol59] 32k ntAd AE A5
I FF MY o] A £ 52 47 BlusiE

Table 19] A% 23S AHEY, At Zd3} Zo] 94
AE A wolzx AA Hzx HY shgol BF HEH
T3DISIGIE ArE3t mdo] & Al BdEo] Hls 7P =2
ntAS oS st EE oF A £ 45 EoFA
oh FAIF o R Agsid, 1A FE FA|L} o]= A|A Hx
2+ sh&o] % H2H T3DISIGIE AREsH B3t mdo] A
S A AP HOA RtAT dIE 52 Mask3D[5IE AHESH
TR 16.05(0.535-0.461)/0.461)%, 1A FE ZAG A
45 T3DISIOIE AH&et R} 13.34%, o]= A|A HR
2 g5t HeE RdET 12.63%9) B THES Ko
FAok 3 FEE vtAA oS Aol wek A ofF
WA B Fs WM 22 4.27%, 2.87%, 2.09% A5 &
Aol 92& &I & AUt g, T3DISlelol YA FH
AANS A-8-5ko] AES Bdo] Mask3D[5IE AHESE BE
of H|sto] ufAd A& L 2.38%, /HF o3 A B
o2 1.42%9] 5 FES, o2 AlA BEx &Y g5
ThE Z-8ota ARESE Eo] Mask3DISIE AHEgH RET} H]
wato] upAT dlE o2 3.03%, NEE HA £ He2

A

= [H

Ol

Table 1. Performance Comparison
with Different 3D Mask Proposal Methods

Models Pl;)esglil(;n Der;zli;ing 3D /i\gask Segmzlf)tation
Training
Mask3D - - 0.461 0.281
v/ - 0.472 0.285
T3DIS - v 0.475 0.287
v v 0.535 0.293

(9]

2.13% 85 FFES Bt o9 T2 AE AHES
A, AE mEo) mAF AQF E21 T3DIS[6lo] 485
AE ZA} ko]= AA HR & g<xo] AT d&E
oflz} 7d ol A Y 5 Pl &2 &
Utk A AT 5= SUSlHh
T A AY2 AQ B4 7+ ZRIE NIHES] 3%
A A EAS F2517] 9o A=et OpenScene?] 34
A g5 gRlIsfE 7] 3t Agoltt, o] AdofA= Table 2
9} 2ol (a) 3D vkAT ARt EE Mask3D[512} T3DISI6IS
ARESELE o, 2 AAE A e ZHE 99 AAE
E4 WEE AIHESS U= 33 A4 Eo=w
AHEOS 7A9-¢ (b) 3D ZEQIE 54 #iE<l Mink-Unet
(223 PT-V2([23]0l ZRIE A IHEES Y=sto] dojzl &
e AMESE 49, 283 (o) 3D AlZF-9lo] =E Clip2Scene
[19]137} OpenScene[20]2] BIAEQ} HHE 321y ZQJE Q7
tjof] ZRAIE A THESS dgsto] Lojxl 33k A4 E4
= AR AREY A= BlusiEch X3 o] AdoAe
3 Al EATES AMESERE -9(Only 3D Features)®]
MHE o1F] 7iAl B s8Rt obdzh 33 AZHE B4
o] 22} AlZHA EAT} FAE(Q2D-3D Ensemble)|o] £t
2 Y% 499 e A vnsE.

Table 29] A% A2 AW EH, At B3} o] 33
A AN EA 917 9ol OpenScenel2019] ZRIE AIAGHE
ArERE mEo] 334 AlZA EXTE ARERE 92t 221 &

A3 PBsel AT A BE Y £ A5G 7155
E

l

E o of
yorR

2, ol

Q:

ftfo

Ak WA 32 AlZHE EXTS AR B(Only 3D
Feature)5& A5 AHEY, (a) A3 AY BEDB, 61
32k AlZHE EF QliEdol ARSsE Afole, 4 AP
0.011%, 0.014%2 "¢ A% H5S Bk AR,
(b) 33+Y ZRIE EA WE[22 23|12 AN AQEL ZH7t
0.002%, 0.001%9] 22 5 7I5stutt. olzjgt das

£
o

o ©
oft
o
w

53, Al Z(Vision)¥ 10](Language)®] A @3}

=2
A mpaFe] SHiA golEE TIst= /N o3 A
£ AdolA=, ()<} (b) Zo] HAES} ofujAog AE
of QA ke 33U A4H EAL 225 Ao RE A%
FAL 7] ks AL ST 4 ot
Table 2. Performance Comparison
with Different 3D Visual Feature Encoding Methods
. Only 3D 2D-3D
Encoding Methods Model Features | Ensemble
(a) Built-in 3D (1) Mask3D 0.011 0.281
Mask Proposal
Module (2) T3DIS 0.014 0.283
(b) 3D Point (1) Mink UNet 0.002 0.283
Backbone ) PT V2 0.001 0.283
(0) Text-Aligned (1) Clip2Scene 0.237 0.241
3D Point Encoder | (2) OpenScene 0.276 0.293




S8HI U O3 SRR A EHS U3 SAA-STH! 3R OIAT MO 2RIY-3XY AN SF Y2 343

9, (o) 3D AlZk-<do] 2E[19, 2019] 3D EQIE QlAT
£ 339 AZE EA dFdol AMEE EdoA&,
CLIP2Scene[19]9] ZRIE QIFEE A3 49 AP 0.237,
At ezl Zro] OpenScene[20]9] ZRIE QIFEE ARE3H

£ AP 0.276% 7P =2 452 7155l MH3 -0l
o] &2 AlgtsbA] gral X4l& FHFE2 OpenScene[20]9]
HZRIE RIFHE AMESE 97} Ak 73 ofF] ol &
‘:HOH"‘]U]' A A& Z52HEO. CLIP2Scene[19]9] ZQIE AT H

AMERE TETE oF

o]}l

OF 16.45%9] Ay FAAES Ho|HA,
OpenScene[ZO]4 S AT S AT

ojojA Zt WAES Bl IFFH 33 AIDH g HEo

% = Aol ARSIt B

22+ A2 EAET AAESH
E9] A7E Ay HH, At By} ZHo] OpenScenel2019] 3
A ZRIE QIFHE AMERE 971 AP 0.293%= 7HY =2
3'63 71E5kA}. Ee, 33+ /\]Z};i. EATE AMSIE
-t H]JJ-O}Oq 6.15% s FTIES 01‘1] OMLEELL t
E‘Hﬂ‘ﬁ (a)gr (b)«] = "9AEQ} oujFog AHHxof
UA g2 32 *]7—}341 E%]%i Qlsto] FAEEUS W, 2
Ad AAH EAoRt 9Este AE HoFdoh (o
Clip2Scene[19]9] XQIE QIFHE ARESIAE W= 3
AAH EATE AR AR GAER ] AR ATt
1.68%9] A5 FAES Ho|H, OpenScene[ZO]«] ZOE 9|
IEE AHEE RdET H WA B2 5 FHES HolF
o} ol=et AY A= BoiA AgE Bdo] 7\H 3t 321
HH-1o] & OpenScenel20]9] ZRIE QIFTE AME-S}HA
32 A1AH EAS Adste #H4lo] & 33 EAE
AHESHRlS Tt ofyet, 234 EA T GAFEE 0] AHES)
P2 fol= £ 45 Tl 7P =20] "Hohe A& g2l

_g_ 22 A EA

o_l>J

%(feature ensemble)
Hojr}. o] A¥
Hkalo 2 (1) 2+ EF
A= A7]9] Hlasto] G4t
SH= SF=-R¥(Hard Votmg) AT (2) E S0 of
3t B FAE HA4E Hlaste] HYESHE AZE-HY
(Soft Voting#H4l& A-L83t 729 A%< vwstyich 18
I FE 7Y 34 aE ISR Yol 2347 3
A AAA EAo] YEEEA FaL ddstA AHEE Fe=
(Only 2D Feature, Only 3D Feature)¥H= 452 H| W&},
E3l GE HAEolE 4 B4 E fAE Ao 59 7t
FAE Fofst= WAI(Rigid Score Weight)h, @ EATHZ
ARSI T =2 52 7185 Y AEC] dste] A-84
l"% oF= "F2](Adaptive Score Weight)
3 olF] JiAl £ A= HlusiEct
I ATEY A3F it By FE

do Q2

Table 3. Performance Comparison
with Different 2D-3D Ensemble Methods

Visual Features Feature Ratio AP
Only 2D Feature 100 : O 0.283
Only 3D Feature 0: 100 0.276
2D-3D Ensemble Methods

RSVE 95 :5 0.283

ASVE 64 : 36 0.290

RHVE 89 : 11 0.285

AHVE 67 1 33 0.293
(Adaptive Hard Voting Ensemble, AHVE) 7| & #-&3t 73
7t &g A=l vlisl 7HE 2 £ = HEhd A
el 4 otk PAHOR GHuw, 484 = BY
Sls

A8 71" (Adaptive Hard Voting Ensemble, AHVE)S Z]-&
£ "do] Bl A& APHOA #5 AZE HEY FA
(Rigid Soft Voting Ensemble, RSVE)ET} 3.53%, &34 A
E H¥ AE(Adaptive Soft Voting Ensemble, ASVE)X Tk
1.03%, ©-5 St= B8 JAE(Rigid Hard Voting Ensemble,
RHVE) 78-S A83t Z-9H} 3.53%2] 85 FEZ Hoirh
E3h ZF oPAE W EE AEE 234 33 EXEY
Hl &2 BlwsiEH, 2347} 334 E40 458 7HAE
i3k RHVE, RSVE HA1E2 °F 9:19] HI&=E ai}% 4 01
ALY AFGEA] a1 22+ EAfRE oAl LS KAl
229 EATE AFSHES H(Only 2D Feature)2} %H} 3
5ol T=A 2 AHE ERIT 4 SUSIth ®HA, ASVE,
AHVE %452 9F 6:49] B2 H|wH 231} 33+ A7}
X EXNSS T2 A186t9 T, 234 EATRS AFLSH AS
(Only 2D Feature)® T} 2.47%, 3.53%, 3AFY EAUHS
St 7 92-(Only 3D Feature)2t} 5.07%, 6.15%2] A%
= Hol= A& g 4 AUk ol=e AF A
A FLhE 7FEAIE Rtk Oc}”’t' %}—/}1%“%
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Table 4. Performance Comparison with Other Models

Models ‘ Avg ‘ cab ‘ bed ‘ chair ‘ sofa ‘ table ‘ door ‘Wndw‘ bkshf‘ pic ‘ cntr ‘ desk ‘ crtn ‘fridge‘ s.curt ‘ toilet ‘ sink ‘ bath

Closed-Vocabulary 3D Instance Segmentation

Mask3DI[5] | 0.461 | 0.341 | 0.540 | 0.742 | 0.355 | 0.536 | 0.464 | 0.371

0.236 | 0.357 | 0.247 | 0.278 | 0.385 | 0.362 | 0.442 | 0.898 | 0.493 | 0.628

T3DIS[6] | 0.535 | 0.463 | 0.542 | 0.816 | 0.455 | 0.581 | 0.518 | 0.352

0.315 | 0.536 | 0.286 | 0.336 | 0.474 | 0.572 | 0.562 | 0.965 | 0.507 | 0.745

Open-Vocabulary 3D Instance Segmentation

In(s)tg%r[lii] 0.252 | 0.220 | 0.403 | 0.582 | 0.473 | 0.312 | 0.305 | 0.305 | 0.421 | 0.001 | 0.257 | 0.128 | 0.370 | 0.142 | 0.003 | 0.385 | 0.129 | 0.058
Ma(zfaegm 0.270 | 0.184 | 0.349 | 0.405 | 0.346 | 0.245 | 0.263 | 0.128 | 0.167 | 0.190 | 0.172 | 0.256 | 0.213 | 0.369 | 0.329 | 0.517 | 0.296 | 0.400

(Oﬁ;lrzd) 0.283 | 0.192 | 0.372 | 0.441 | 0325 | 0.246 | 0.296 | 0.141

0.142 | 0.237 | 0.158 | 0.284 | 0.213 | 0.359 | 0.354 | 0.542 | 0.330 | 0.431

(Ogl‘y“; o | 0276|0235 | 0.332 | 0368 | 0.350 | 0.269 | 0.307 | 0.158 | 0.104 | 0.156 | 0.237 | 0.253 | 0.230 | 0.201 | 0.342 | 0558 | 0.356 | 0.474
(En(s)elixrlsble) 0.293 | 0.225 | 0.364 | 0.438 | 0.327 | 0.246 | 0317 | 0.149 | 0.151 | 0.235 | 0.158 | 0.287 | 0.214 | 0.344 | 0.373 | 0.546 | 0.385 | 0.499
AHESE 49-(Only 2D)2} 32+ SRS ARESE 9-(Only R AT & Atk 18y AQF 2E2 FE(door), 4
3D Feature)5¥x d5< Hlw o2} Table 49] AH At (desk), A AES(s. curt) 5 571 S20 tisiAE 2
£ AmEE 2 =729 7ot 2d0pen3DME7} 71&9] A4 EAQUS ARSS REERT 52 52 BEAAN giFEe
3 olF /A B mdEo] Hls] A Sl gt B SHAEL 9d EA AMS REES 7 FE9 Jsg B
£ Zso] AP HAA M w2 4eS EoH, 17719 o FQitt. ol2fgt AFHE SolAl, At o] 23kt 32+
23 g SFHAE F At ol M w2 B S B ANZHE EA 9] S 945 E8oHA] Fote SARE g2l

o} dutH o R S2 Ao &3 WAoA] oju] 53t B | o & Uk
Ol EETHS A E&of ol&ah= HAY ofF] A BT nd upR et A 2 71R] A olF] A B AHES 7]

2 FE Ao £ dAANE FORAA B2 AR R

O|EEL A & ol-&sliof st= 7N ofF] A £
nEsET QAo R g0l =& 4 ol glch AT A
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