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Background

« 3D Gaussian Splatting-[SIGGRAPH 23] -
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Background

« Point Cloud Reconstruction using monocular depth

- Monocular depth & 0|2t point cloud Al 4t
- O| O X| =0 intrinsic 2| inverse & =oll M ZHH| 2t Rt EAH =2 HEt
~Homogeneous coordinate & E 2 = 7+H 2 ZHE A 0| depth map 2 =5 Al 3d point &5
-3d point = 7t 2} ZtE A 7|F0| 7] WZ 0] C2W transformation = & 5Hf point cloud 2/ =
- OpXE7LX| B O 2 ray=o+td EEBF A4 7Hs

—0: camera translation (world ZtH A|)
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

 Introduction
- ARG Z2 S| AlLHE ZHH 2t 2 E He Eot=3D S/ & dEE
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

 Main Method

- Overview
- Explicit o =
YA Ol 7|kt mednh (4ROl L Q T3y

— 1 1

HPE2 A2 5l= 3D Gaussian Splatting &2 282310 7t 2=
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Pap el‘l- COLMAP-Free 3D Gaussian Splatting

 Main Method

- Local 3DGS for Relative Pose Estimation
-3k ol ZArS ol ot MR el Ftnat ZXE FH3
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s:Timestep t 2 T2 Q) 1, 2F timestep ¢t + 12 =2 1,44
-3D Gaussian 2| ZA| Hetap FHH[ 2 = ARO|Sf 2HA|Of 225G Local 3DGS & & 27

;3D Gaussian 2| mean(u) 2t Q! point cloud 2| ¢ X| HlE{= pixel plane 2| | X|(uyp) =
Ct=2 24 ZH0| projection &0 &
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

 Main Method
- Local 3DGS for Relative Pose Estimation

- Local 3DGS process
- 3D Gaussian initialization from a single view

vAIE StEEl THet 20| =8 23 0] &5t 7|& O|0|X| 1, 2| Zo|H =73
vIntrinsic parameter 2 71 O|H O] &3} point cloud reconstruction =&
vl & point cloud £ gaussian 2| Z=7|4f2 £ St= 3D Gaussian G, &S

cGi=arg min L, (R(G), 1)

Ct,Tt,St, At

« R: 3DGS rendering process, L.4p: 3DGS training loss function
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

 Main Method

3x3 rotation matrix

- Local 3DGS for Relative Pose Estimation &
—> 3x1 translation vector
-Local 3DGS process F FEHRAZR 020X 3XH 2249
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.github.io

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

« Main Method

- Global 3DGS with Progressively Growing
-Local 3DGS 2t 0| &5}0] =70t 7t 2f £== 3DGS %Kol ¢ X
- Local 3DGS £ O| 2%t M| 7t02f == =7 ditH

OISOl T Sof Chal 3 A CHYZ AT EXES X S FH align £

. ;S 7|& 7t 2} X =(identity matrix) 2 St0] ™A Zt02t == F
L W1 = Identlty, Wz - Tl' W3 - Tl X Tz, ...,Wn+1 - T1 X T2 X

=™ 7ts

"XTn

2k WO M ATHA Fhojet ERVL SREO R

Ww.0. growing

scences

L . PSNR SSIM RPE; RPE,

vMonocular depth Of 2|t reconstruction O| =Xl o 0l 075 0,044 0123
- AKX ZHO| CHSt consistency 7t 817] [ & Barn 2520 0.85 0.152 0.232

N - Museum 20.95 0.70 0.079 0.212
vOIE ot 2t ol HHE 0| 2 & &[0 & Family 2230 077 0.065 0.028
" Horse 23.47 0.81 0.147 0.066

- A 7 2H0f Tt S & FEOHK B5 Balloom 23.36 0.79  0.056 0.073
vElHal M= ol EE KM M=2 E3|| st0| Jl=  Francis 2220 0.69 0.147 0.161
EERCE T8 ds= s AUNS lgnatius  21.05 0.67  0.24 0.058
mean 2257 0.75 0.116 0.119

R AW THEE D

SOGANG UNIVERSITY 10


https://oasisyang.github.io/colmap-free-3dgs/

1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

« Main Method

- Global 3DGS with Progressively Growing
-Local 3DGS &5t A0 TA| 7rH2F T2 F &-&5t= progressively growing &
-Progreesive Growing process

:"-It QF 1,0l CHSH Local 3DGS = SH0] &L A I = QF jnitial 3D Gaussian 2=
- =™ &l 3L X9} jnitial 3D Gaussian & 0| 235} 3D Gaussian 2 & st&

vI, & 7|& 7tH2t 2 St 1,2t I,,, S super vision 3t0] 3D Gaussian & G| 0| E

Camera
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Local 30GS ' F i | Local 3DGS
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Pap el‘l- COLMAP-Free 3D Gaussian Splatting

Under-
Reconstruction

« Main Method c._>
- Global 3DGS with Progressively Growing "
-Progreesive Growing process
s AA e o CHA i pfEE EHELE =
vMER 22 S Y52 = =0 densification =2
. O| ™ CHA 77} K] &t& &l 3D Gaussian = M 22 Zg|§lo] &2
3D T HO| A Bl Z7tZ X 2= under reconstruction -2
- 22 7] point cloud Al A|&fsl| MA| & ™

rin

1

COLMAP-Free 3D Gaussian Splatting (oasisyang.github.io)

LN ]

Optimization
Continues

e AHE & ¢S

—

HE HHSH= 2=l point cloud 2 M A 4%t

© Global 3DGS
o | f ; /

Camera
Pose T,

D

8 Local 3DGS

Camera
Pose T

G

Local 3DGS

scenes W.0. growing QOurs
PSNR SSIM  RPE: RPE; PSNR SSIM RPE:; RPE;
Church 2201 0.72 0.044 0.122 30.23 093 0.008 0.018
Barn 2520 0.85 0.152 0.232 3123 090 0.034 0.034
Museum 2095 070 0.079 0212 2991 091 0.052 0.215
Family 2230 0.77 0.065 0.028 3127 094 0.022 0.024
Horse  23.47 0.81 0.147 0.066 3394 096 0.112 0.057
Ballroom 2336 0.79 0.056 0.073 3247 096 0.037 0.024
Francis ~ 22.20 0.69 0.147 0.161 32.72 091 0.029 0.154
Ignatius  21.05 0.67 024 0.058 2843 0.90 0.033 0.032
mean 2257 0.75 0.116 0.119 31.28 0.93 0.041 0.069
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

e Result

-3 21t

scenes Ours Nope-NeRF BARF NeRFmm SC-NeRF
RPE; | RPE, | ATE| RPE; RPE, ATE RPE; RPE, ATE RPE; RPE, ATE RPE; RPE, ATE
Church 0.008 0.018 0.002 0.034 0.008 0.008 0.114 0.038 0.052 0.626 0.127 0.065 0.836 0.187 0.108
Barn 0.034 0.034  0.003 0.046 0.032 0.004 0.314 0.265 0.050 1.629 0494 0.159 1.317 0429 0.157
Museum 0.052 0.215  0.005 0.207 0.202 0.020 3442 1.128 0.263 4.134 1.051 0.346 8.339 1.491 0316
Family 0.022 0.024  0.002 0.047 0.015 0.001 1.371 0591 0.115 2743 0.537 0.120 1171 0499 0.142
Horse 0.112 0.057  0.003 0.179 0.017 0.003 1.333 0394 0.014 1.349 0434 0.018 1.366 0438 0.019
Ballroom 0.037 0.024  0.003 0.041 0.018 0.002 0.531 0.228 0.018 0.449 0.177 0.031 0.328 0.146 0.012
Francis 0.029 0.154  0.006 0.057 0.009 0.005 1.321 0.558 0.082 1.o47 0.618 0.207 1.233 0483 0.192
Ignatius 0.033 0.032  0.005 0.026 0.005 0.002 0.736  0.324 0.029 1.302 0.379 0.041 0.533 0.240 0.085
mean 0.041 0.069  0.004 0.080 0.038 0.006 1.046 0441 0.078 1.735 0477 0.123 1.890 0489 0.129

- RPE,
s K| HBLO| =2 2 GF=E evaluation metric 2 2 & X ALO| Q] A 2| #H3to| @K}
vRPE, = |[(T=T) - p||
- RPE,
o2 3| ™ QXY =M S S evaluation metric 2 2 £ EX ALO| 3™ 2t HZIO| @ K}
vRPE, = angle(R - R~
- ATE

o AN ERQFFE EZX A0 FE2|E A2 et 2| XS A LSt evaluation metric

B szota  oars = [250p -l [vDs]
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

e Result

Y 21}

scenes Ours Nope-NeRF BARF NeRFmm SC-NeRF
PSNR t+ SSIMT LPIPS| PSNR SSIM LPIPS PSNR SSIM LPIPS PSNR SSIM LPIPS  PSNR SSIM LPIPS
Church 30.23 0.93 0.11 25.17 073 0.39 23.17 062 052 21.64 058 0.54 2196 0.60 053
Barn 31.23 0.90 0.10 20635 069 044 2528 064 048 2321 061 053 2326 062 051
Museum 2991 0.91 0.11 26.77 076  0.35 23.58 061 055 22.37 061 053 2494 069 045
Family 31.27 0.94 0.07 26.01 074 041 23.04 061 0.56 23.04 058 0.56 2260 063 051
Horse 33.94 0.96 0.05 27.64 084 0.26 2409 072 041 23.12 070 043 2523 076  0.37

Ballroom 32.47 0.96 0.07 2533 072 0.38 20.66 050 0.60 20.03 048 0.57 2264 061 048
Francis 32.72 0.91 0.14 29.48 0.80 0.38 2585 0.69 057 2540 00.69 0.52 2646 073 049
Ignatius 28.43 0.90 0.09 2396 061 047 21.78 047  0.60 21.16 045 0.60 23.00 055 0353

mean 3128 093 009 2634 074 039 2342 061 054 2250 059 054 2376 065 048
-PSNR
- GT ot EA 22| X10| & HHEAE = LIEIL = =X
-SSIM
;' Gaussian kernel 2 0| 8310 &= O[|O|X|Q| +X2& RAMEZ F5t= =X
-LPIPS
—:j:»Prejgained CNN 22 S 283510 ==t a2 feature & 72| FAIEE LIEHL=
A
PN
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

e Result
Y A5

BARF Nope-NeRF Ours Ground-truth

SOGANG tvi{qp' QEES[ paselmes. Better viewed when zoomed in. o

n 4% cFigure 3. Qualitative comparison for novel view synthesis on Tanks and Temples. Our approach produces more realistic rendering results ‘ VD S \
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1) COLMAP-Free 3D Gaussian Splatting (oasisyang.qgithub.io)

Pap el‘l- COLMAP-Free 3D Gaussian Splatting

e Result

g9 21t

s o

— Nope-NeRF (aligned)
---- Ground-truth

. ( —— Nope-NeRF (aligned)
*| ---= Ground-truth

—— PF-3DGS (aligned)
-=--- Ground-truth

—— PF-3DGS (aligned)
---- Ground-truth

< AT VDS
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1) COGS (raymondjiangkw.github.io

Pap el‘2- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose

 Introduction
- Sparse view 2HZ0f|d FtH|2f L= =75 0| 0|2 =
- UHHX O 2 static scene Of| LD 7t 2 ZE==SfM 7|HtBIFHE O 2 FHE[K
A

- - - - xl

- Feature matching, triangulation 2 2-2 95} reprojection error £

- Reprojection error & Z| & 2} o1 7| @{ot 3XH HEZF S&9] TE0 X[X]| 7] &
- Sparse view 2tZ 0| M novel view synthe3|s Eoto2{2
-NeRF 2t 3D Gaussian Splatting 1 20| =2 ds2 Ed5t= YRHE=2 A0

o
H2SHA ALE O el 225 HeE g
' 3D Gaussian Splatting & 8= 7t 2} 2= 83 OfL|2f 27| point cloud = 0% &8
-Sparse view 232 SfM 7|2t HHRHE2C = Fi0j2f L= =7H0| O F 7| I 20| novel view
synthesis 2o 01213

-FoVv 7t 3A ™A Fi02t == = 0| El?i':f—T'— StO 2t 3kt HE st5 S 2l
oM ™" e 7 X 7| 20| novel view synthesis = O ™3| 0121

- Sparse view 2+ 0| A novel view synthesis 7t & Z|O{ & &= !

S8 X 702t 2= 2f depth S 20| ZFot= T EE Al

H
A
rir
Mo
1o
bt
4
ot
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1) COGS (raymondjiangkw.github.io)

Pap erZ- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose
« Main Method

- Algorithm Overview
A HR 2 Y 22 o Lo et ZHH 2f EX(P,)E identity = S5
-1, 1t | S =[= ZO0|H™ D, 2 0|85}t back-projection (point cloud reconstruction) =2
- Back-projection £|O{ X! point cloud € O|- €3} 3D Gaussian &t &

T TR Lo TSRS 20| D, B ¥ S
[ ZF

- LOI| CHEH Ftolat Zx(p)E 1 Ot S YT UCE HA
-1, 2 St5 =l 3D Gaussian 2 P, = HIHESHH 2= 55 =Y
- WS A Er=otEHA HA et 2= F FF
c
=
E 4 nd h
'g 2 Camera‘; Registration —»  Adjustment ~>{ Back-projection
: )
C% L N
s L =
A th o
g n Camera‘; Registration # Adjustment F Back-projection > §
: 3
© 9 Obtain a Coarse Solution y
Rﬁ Fendka |VDS|
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1) COGS (raymondjiangkw.github.io

Pap el‘Z- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose

 Main Method

- Optimization Framework

- Registration stage

kBT AR Tt Ex
T A Tt B RS

= 3D Gaussian

A 3D Gaussian 0f Lot S=0| & AL 74
A k+ 19 A S 7
= k+ 18 W 7t 22 HE TS

Fl2r ==

x7|goz 5=

vl & =l GATGT 4 ALO| 2| photometric loss & ol 7t 2 == XX 3}

° Lrgb = |[I -

R AW THEE D
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Adjustment
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=+ Camera
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1) COGS (raymondjiangkw.github.io

Pap el‘Z- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose
« Main Method

- Optimization Framework
- Registration stage
I EE A T G4 AHO| Q] correspondence

vCorrespondence =& X7} M2 SLSIEE

S| =
==

Of&or0] 7t et Z=& =Nz}

S|
+ Leorr = Xitq [|a(1'®) = k@],

Al 2= a0 GT G4 A0 2| photometric loss 2F correspondence loss € & ol

SALEl Zte XT|ZoRdte BRI AN B ER 9k

Registration

A.djustment 3D Gaussians

L k +1®
Kkt Camera

+ Camera

Difference Map Between
Dy41 and Drender (Pri1)

Diffeence Map Between
Dy+1 and Drenger (Pr+1)

R AW THEE D

I VDS \
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1) COGS (raymondjiangkw.github.io

Pap el‘Z- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose
« Main Method
- Optimization Framework

- Differentiable Surface Rendering

2 GT QAo EXNEIN IS X+ k+ 1 ZHH 2| CH3 A3 Aol EXHA

2 SE EYEN SR dEE ool M HE MY
MNA=l A M H QF Cf-2 &= 3D Gaussian O Ci St surface reconstruction =
/Sl|Ct T A

=H LM 0f| Cf-S &|-= surface £ 3D Gaussian ‘S 2 =2 0| 2510 reconstruction
« W(s) = Ximms)=0 Ai() i (s) Hg;i,li}(s)( 1—a;(s))
e @i(s) = ZA 50 8 ESH= ray 2F 3D surface 7t A= A
e 1;(s) =0+ 1ld(s)
« @4;(x) = p; + R;f (s;) —> Ellipsoid shell coordinate 0l A & 2
« 1;: Gaussian center, R;: Gaussian rotation, s;: Gaussian scaling

vReconstruction El surface & HEH S ¢(k'®) 215 S
* 4(8) = Tims)=0 T(@(S))ai(s) 1_[3-_:11@(5)( 1—a;(s)) A
s 7t 2 Z =0 S St ray OH 7 B =2t 3D Gaussian Of 7 H =7} &4 %[ XM 3} &

PR 42 oskn VDS
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1) COGS (raymondjiangkw.github.io

Pap el‘2- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose

 Main Method

A

- Optimization Framework

- Differentiable Surface Rendering

;= Surface Rendering

Surface rendering () =o0+1d
gradients propagtion
0L_ 0L ow(x)_ oL

oL - = = -d
ol du;(x) al ou;(x
;i (X) ) —
(a) perpendicular
p Ji(s) 7i(s)

Re-Parameterization

v

Algorithm 2 Numerically Stable Ray-ellipsoid Intersection Test

Input: Ray origin o € R® and ray direction d € R3. The properties
of an ellipsoid: center e, € R3, scaling e; = (esx,esy,esl)T €
[R’i and rotation e, € so(3).
Output: Whether the ray intersect the ellipsoid. If yes, return the
world space coordinates of the intersection point.
0o — e;‘,r(o —e.)

- d e_;d —» Ray 2l coordinate S EF2& &l 9 local coordinate = & &
’ |les dllz
sty —d e . -

00O Normalize € ray = EFIRI <) scale 0 2 Z
1) — 0 Ve

€5, €5, €5, Q|
< if [[toll2 < [[tz[]2 then
return No Intersection, @.

NS Soll ray & EFRIAN ALOI2] 242
HAHGELD, Ol E J1 B2 2 intersection O & 2 &

i-1
¥(s)= > mai(s) | |(1-a;(s)
i J:1 v
i—1
¥s) = Y ) || (a-ais)
Lp(s)# @ J=Lp;(s)# @
A g d Rk
SOGANG UNIVERSITY 22
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1
2

3

4

50ty — —L—(d’ x0') O e
6

7

8: else

9

t t 1

. _ . _ “Telk [ ek
c b U TR T TR VT Tl ¥ T
10: return Intersected, o + td. VD S
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1) COGS (raymondjiangkw.github.io

Pap el‘Z- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose

 Main Method

- Optimization Framework

—Adjustment stage
Al H 2l & depth & AFH 25 &l monocular depth 22! 2 supervision =&
vt el 2= E Z=2SHA F=5E7| {5 M= depth 2o H Z £| O OF &
7

(@)
Depth o Z2 7|otet §E 0| 702t Z=2S =P F M| ?[X[7t HX
: EVEEERPY T

dEE 450
s Adjustment THAINM = k + 1R 77HX| A El 2= ZHH 22t depth 7+ 27|

612 5/0] %
Y Drengerea(s) = Zlﬂl(S)#:@ zi(s)a;(s) H 1;1 (s)( 1—a;(s))

vLaeptn = Liea|[sg[b(x'®)] - d(K(D)”1

- Depth 2F 2t =l Oj 7| H-0HS o+5 1 ‘
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Pap el‘Z- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose
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Pap el‘z A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose
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Pap el‘2- A Construct-Optimize Approach to Sparse View Synthesis without Camera Pose

* Result
Y 2T
Methods 3 Views 6 Views 12 Views
PSNRT SSIMT LPIPS| | PSNRT SSIMT LPIPS| | PSNRT SSIMT LPIPS ]

Instant-NGP Q 15.31 0.42 0.56 17.52 0.56 0.47 20.21 0.69 0.35
3DGS 15.21 0.46 0.43 20.17 0.71 0.24 23.60 0.81 0.17
FSGST D 19.23 0.58 0.37 23.55 0.74 0.28 26.81 0.83 0.22
GNT® 17.80 0.57 0.29 22.52 0.77 0.18 24.56 0.82 0.14
LocalRF 16.06 0.49 0.70 16.31 0.50 0.67 18.68 0.54 0.61
NoPe-NeRF 12.05 0.35 0.76 15.64 0.45 0.65 18.12 0.49 0.60
CF 3DGS 14.91 0.43 0.43 16.71 0.50 0.41 18.62 0.59 0.36
Ours 20.37 0.66 0.26 25.18 0.81 0.16 28.65 0.88 0.10

-EE FYo| H|W A F1 +HYEZ A H|O|EAlof| CHs sOTA 5 Ed
Methods 3 Views 6 Views 12 Views

PSNRT SSIMT LPIPS| | PSNRT SSIMT LPIPS| | PSNRT SSIMT LPIPS |
LocalRF 15.97 0.33 0.47 18.32 0.47 0.43 20.13 0.54 0.41
NoPe-NeRF 14.85 0.25 0.67 18.59 0.34 0.57 18.19 0.34 0.59
CF 3DGS 15.45 0.28 0.60 17.02 0.35 0.52 17.65 0.39 0.46
Ours 16.35 0.38 0.37 18.96 0.50 0.31 19.70 0.53 0.29

-Ztg A 0| S 1 (camera trajectory 7+ |2 2) 7! HHO| AL view 7t S M E
N elstiE SOTA 86 2
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