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» NeuSG: Neural Implicit Surface Reconstruction with 3D Gaussian Splatting
Guidance

» GaussianPro: 3D Gaussian Splatting with Progressive Propagation

» GaussianRoom: Improving 3D Gaussian Splatting with SDF Guidance and
Monocular Cues for Indoor Scene Reconstruction

» Mip-Splatting: Alias-free 3D Gaussian Splatting
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NeuSG FE 5k

» BXE NeuS + Gaussian Splatting: FJF GS & RX Point Cloud Rt NeuS, X
FUFA NeuS FUMAYELREH GS, PAAEREIFHY Point Cloud.

> SINTRAMIENEE, FERMRAEN 3D SHomERNSRZEEMERE,
XLEENMEREIERED 3D sfho iR/ NEREFENCERES, Hi(E
XESHDHINALSKRAERENT. (XEMAFAITILT, GaussianPro
BRE—FNERE, BZLE NeuSG iE)
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EEBAZOEI =R

> FUFJL Loss 3R5ERY NeuS ] GS FIHEEMMLITFE

> [E4%8 GS HIS/\#hE 0 SR{ET GS B ZHHmAFTHENXREL, MAZSFH
.
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GaussianPro

GaussianPro FE TRk

B propagation R
//J\\jJ[]T

(*FMH) Loss KA1t Gaussians
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GaussianPro Architecture
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1. M 3DGS EZRREEMIELE,

2. {£R patch-matching XK, EHIXERAVRENAGHITEEIRIE, L£RUH
RUREMELE FRAGBRENEEELL) .

3. ERNLEA—BETRES T RNEERENEEERS, SRTIRENRENT
BIERES.

4. RRIFBEERIVRENZLS TIRENRABNIZEEZRENXE, RAME
KIS D T T RERBE R IR/ LEZIR, RILFEEEZNSHD .

5. iﬁﬁi@ﬁﬁ’ﬁ%i?ﬁ%éu 3D FjEH, EATREINRENESARHMINS
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Patch-matching 27K
Reference View [Wrei, trell

Neighboring View

Real Surface for p
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Patch-matching /K

1L WFEER p, EEBEIEDR, HUT p SETFEREZEBNETR,

2. BMERESEEBAE PN NAERER.

3. £ p SHABEXNGRZE, BEXRILSESHAS—H AN TEREFERERR
FER

4. EFRNFERRIZATEMRER p WRENEL.

LEARTME: Wikipedia
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https://zh.wikipedia.org/wiki/%E5%8D%95%E5%BA%94%E6%80%A7

GaussianPro
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Geometric Filtering and Selection

> BT ZMAEA—EBMERE (Schonberger et.al, 2016), TiEIFEBERPH
NERENES, FETIREIRENELE.

> TETRERESEIRE ZENENENESR,

> WTENENERATEE o HXE, BXEXERERRFE 3D Z=E,

> A5 3D SEBUABERYIEMNE, BXEERMIAMNN 30 SHoH.

> FXEFONSHOMRIEIIENSHo R, #ITE-SMHA.

Xinze LI

Indoor Gaussian Splatting Paper Report



GaussianRoom
©00000000

GaussianRoom FZE 5k

» GaussianPro + NeuSG BI2i# i

» We propose GaussianRoom, a novel unified framework incorporating neural SDF
with 3DGS. An SDF-guided primitive distribution strategy is proposed to guide
the densification and pruning of Guassians. At the same time, the geometry
represented by Gaussians could improve the efficiency of the SDF field by piloting
its point sampling. (FEAEEIZE, BEANXTIRE NeuSG M TE—E—H,
FTARZ1E )

» Edge-aware regularization term RIEHEZNERBMR. FHSIX monocular

normal priors in optimization to provide the geometric cues for textureless regions.

(HEHRR, BA2IR GaussianPro —1&—#¥)
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GaussianRoom Architecture

Normal Regularizing

——mi—

Normal Model ~ Normal Map

MLP SDF
f\,§>(x,)> é _), 8 1
1 |
guided Point Sampling | [ SDF-guided Primitive Distribution | (2)
Surface Diff  Depth 3DGS |,

-
L
+
1
m Edge-guided Ray Sampling ]
—_—
= Edge-weighted Photometry Regularizing

Edge Model Edge Map

Xinze LI

Indoor Gaussian Splatting P Report



Gaussian Room

[e]e] le]e]ele]e]e]

GaussianRoom ifE

1. A SDF Y IERARSEHET, MBRENNZEDH5RKREX

7o

2. [FRSETH MM RERMERILEEER, 8/ RETE, MminEEE
SDF B9ffLftidtz.

3. BINBRALSRAINGSN, GIRERNTTOEEXGAMM/ NG,
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SDF Guide

——— SDF Zero-level Set

S. <7, Global
N, <z, Densification \

N

n>7, N \ Local »’}', IV, : Number of Gaussians
¥

% N
V. >7, 2 Densification (L, [V ;: Gaussian gradient

S, : SDF of center point

n<T, 7] : Density control criteria
: Pruning ey 7 . Threshold

3DGS GaussianRoom (Ours)

SDF-guided Primitive Distribution Strategy
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GaussianRoom
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SDF Guide

> —EHTEUEL, MESHETUSTIESR SOF ENERME, XEMAE
Rz S HTETT;
> —EiESNESHETAMENEETRE.
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SDF-guided Global Densification

> I RTEND R 2P DILAERE, HiTES WSO SDF |,

> WMRZEB/RTEHE S. < 7., WRRZNEELIIERE. BE, BIKES
TRERIIAENSETET,

> NTSHRETHENENER Ny < 7, BATEERBROLRN K TSEPE,
HEMBARALER K MHNSEET, XERERNSIETHEREEME
K MRS EN A EEXNIESS mPHITRE. (XENZTRFRA
K = 10)
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SDF-guided Densification and Pruning
> ENX:

> 3

s?
n=exp(—3-5)
Hrh, o 1 opacity of the Gaussian primitive, A\, &—
HESERITIA R

/N

~EZ,
- & = =
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Gaussian-guided Point Sampling for Neural SDF
» The rendered depth value D of pixel p rendered is defined as follows:

1
deh (1—0y)
1

EN j=

Hih N ATEGE p % r iBFIM Gaussians BXE, d; 3D SETREATRE,
g4 jﬂ&?/mﬁfrgj'l:ﬂ’];ﬁ §EH’§0
> —B D(p) HE, EXRIETCE r H (REARIKXN, TN ZZ2RAENXS)

[0+ D(p) —~15] - v,04 D(p) +7[S] - V]
Hep o ENAD, v IEE p BT, S SDF {8, v ARETENE

Z
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Monocular Cues constrained Optimization

> ETFTHIREE NeuS, RET NeuSG, SIEMREXEDMERE NeuS
» Edge-aware 3DGS Optimization 3€H Reference 25 27
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Mip-Splatting
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Mip-Splatting EE T3k

> J9 3DGS 5IAT— 3D FiBiEiKE, BRMHAET 3D SHETHRAIRE,
BRRT SR AED TINERF MR EIRIAR D)
> A3 2D Mip JIRIREFEIR T 2D BAKIBIRES, DARRRIEAFEAK AR 0 -R
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Mip-Splatting
000

(a) Faithful Representation

3D Object
\ax

(b) Degenerate Representation

7
3D Gaussian

Faithful
Rendering Dilated

2D Gaussian 2D Gaussian

7
Image Plane
(Screen Space)

5 Pixels

Camera Center

Faithful
Rendering

\aln

(c) Zoom-out of (a)

1A\

(d) Zoom-in of (b)

\

Dilation
(Spokes too thick due to
screen space dilation)

Decreased
Focal length

Brightening

High frequency
artifacts due to
degenerate (thin)

3D Gaussians

Erosion
(Brake cable
0o thin)
7
Increased
Focal length
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Mip-Splatting
ooe

> HENEARIESENLIERLN, SMRIBENNR .

> XMIPRAR AT LAFAEFRZ 3D SRRARARAER 2D ZAKIEIRKES

- & = = DA
Xinze LI
Indoor Gaussian Splatting Paper Report



Math section
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CG HEEHRA—ERNIR

volume output
data set image
viewing projective volume dassificaion, viewport
transformation mapping shading and integration transformation
object camera ray screen viewport
space space space space

> WM Eg. HFRBIRR — BNBIRR; AR —TMASER: Wx+b

> BRRTHR = BNMTHR (EAERELY); Eg. MBEHAIRR — 5 2D =(d

> MO%H: HRUMFRAPEESTINIXE (BEENELITRREX) RARO,
BOMSEIEReE (18%) ENKEMRANO (FHAKX),
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Math section
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NeuSG + GaussianPro + GaussianRoom BYZEF IS4

1. X 3DGS

2. EXUMI“tH48” GS B9— N 0 BITFERE
> TR HRAIRATB LT RRER; HBIELITRIVERIR
> “if4E7 13T

3. TCELAMEAY Loss
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Math section
00®00000

EX 3DGS

> IERD BERIEFRAIE Mip-Splatting, EEAEREEEMREWNEE. UTEH
EEBAR RN &,

» Each Gaussian is defined by a covariance matrix 33, and a center point p, which is
the mean of the Gaussian. The 3D Gaussian distribution can be represented as:

Gx) = expl—3 (x ) S (x — p)}

» For optimization purposes, the covariance matrix X is expressed as the product of
a scaling matrix S and a rotation matrix R:

Y =RSS'RT
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Math section
000®0000

EX 3DGS

> 3 ¥ B9 LR R IEX AL R EAI AR IR D AU AL T P 3ERE S AN
R,

» JFEZF| scaling matrix S —"1> Diagonal matrix, EF B E& =A% EF s,
rotation matrix R &—" orthogonal matrix, BJLAFE— U7 q € R* KRR,
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[e]e]ele] leJele]
—R\}
ENX 3DGS

> ATBRIMA, TEIETE camera planes ENF] Splatting $K, FAMAE
1EERE W (R LML ANTIR) FA5HEIRIRS TR LEERE J,
TRfEM © AIURIER:
Y =JwEw'J"

> ETNHTLAESIABALEER, XBLAH—T2ENER, TRENTHLAE
MR, TREEZERRFZER. RARFNENMNAER—TEMRKRT, W
ARIERZRR L, XR—TIHMAEIER,

> HERTEEAERE: BRIREREM £: R - R™, M x € R" BEIEIEE f(x) € R™,
HHRTLERMER— m x n BIZERE, RAIFHBIZEMN R” B R™ RIZIERREY,
HEERXAETERNT 1 STURERBORELLEL, Fit, HrTtt
FERE R T BT H RSN,
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Math section
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EX 3DGS
> WTFATHEE, RESISHRRNRENTEREENN., E8S0HER

Ajj .
C= chalH (1—-ay)
1

€N j=

Hep ¢, a; A—TRHEBNTERE,
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Neural Implicit SDF

> SDF R T —MiXRT/LAIRENG A,
> TEX zero-level set A:
{(x e R?| f)(x) = 0}
Hrh, f,(x) is the SDF value from an MLP f,(-).
> FARIZHEREE SDF BIANERE o; H:
P, (fxi))—Ps(fxit1))
P(f(xi))

70)

a; = max(

HrA, & 7y sigmoid BR%H,
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Neural Implicit SDF

> 1R4E volume rendering methodology, &% p WIFNERERIGE LA r LRIREF
HHIA A RIS :

= Tioves, Ti = exp(— Y _)ayd;
=1 =1

Hep 7, RRBREHFR, NRTOBNE r ORBESHE.
> Kflth, JERERIMUERTN:

N
=1
Hr ;= Via(t)
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