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1155 RHEZ € promptAd A B = 4 (Text-to-3D, Image-to-3D)

B R = YA
o AERUEE: 2P HL (3D Diffusion)
o [EJFARAY. —RHEFE (Large Reconstruction Model)

AT Z5 — R RY A gl = 4R CRESprompt 7 ZEFTIIZE) -
FEYIZRAIZE M —GERL AL ) e 90 MR 28T tH =4 (SDS)
o THEEMA RS MAEF, HERFERS D =—4ERAY

BERLEE

= AR
https://github.com/hitcslj/Awesome-AIGC-3D

3DGS:
https://github.com/MrNeRF/awesome-3D-gaussian-splatting
https://github.com/yangjiheng/3DGS_and_Beyond_Docs
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Neural Radiance Field (NeRF)
BIEG L — MR R ARG

1. MWBREH 6L
2. FEJGER ERAF
3. RFFRIEEMLPAR R, B
N i—1
4. volume rendering{{rﬁﬁ%@% HA) 0 € C’(r) = Z T;(1 — exp(—0;9;))c; , where T; = exp ( Zo*jéj) ,
=1 =1
5D Input Output Volume Rendering
Position + Direction Color + Density Rendering Loss
(x.3,2,6,¢)—> — (RGBo)
ﬁ I]I]I] \ 5 e N ;
é.”/., . 3{ .—g‘t.

Ray 2 /\
Ray Distance

(c) (d)
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Neural Radiance Field (NeRF)

NeRF ) 4tk

MiEGL & . PiaEih (MipNeRFZE)

MINZRAEG R F: BERFIAEWEE (InstantNGP, Triplane&s)

Triplane

MipNeRF

1/Nq

a) NeRF

1/No

L=2 b=15 [ —

(1) Hashing of voxel vertices

|

(2) Lookup  (3) Linear interpolation

b) Mip-NeRF

InstantNGP

NG WND = O N R W= O
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oncatenation
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3D Gaussian Splatting (3DGS)

U IR Z A =4 m kR, B Ee S AR WE (B , T ZEEME, AEHE, St
EHTIE = 4ES R I G(x) =e 2027 @)

5254 = =RSSTRT

BB G CL— K By MR AR T

1 ARIEANLE Bt =4 = e 2 —4EM0L-Fm: = gwswlyT

O T AN _ B —AME R R, mIEeA 24N S Wk £ e LD »

2. R IR L = W AR FEHE Y, FF IR I X ME 2= 2 i 3t 47 alpha-blending £5 21| i 2445 2 190 1. C=Zcitx;g(l—aj),

ieN

Camera | —p
Projection
Y ° s‘ p V(_,: ’-.:_(D.
® e ® “‘ﬁ V4 N . .
T ( Diff tiabl —»
o — | Initialization | —» o enane , Image |-
® % ‘ Tile Rasterizer a1
L]
Adaptive .
SfM Points 3D Gaussians -ap _
Density Control — Operation Flow » Gradient Flow |- -
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3D Gaussian Splatting (3DGS)
(RERTW

Algorithm 1 Optimization and Densification Densification
w, h: width and height of the training images

M « StM Points > Positions
5,C, A « InitAttributes() > Covariances, Colors, Opacities .E
i—0 > [teration Count L 'g
while not converged do 'nI; = —> et
V,f « SampleTrainingView() » Camera V and Image = g Clone Optimization
I « Rasterize(M, S, C, A, V) > Alg. 2 & Continues
L « Loss(I,1) > Loss
M, S, C, A « Adam(VL) > Backprop & Step
if IsRefinementlteration(i) then E
for all Gaussians (p, X, ¢, @) in (M, S,C, A) do . E
if @ < € or IsTooLarge(y, ) then > Pruning S = o
RemoveGaussian() - o
: 3] Optimization
end if é Continues
if VyL > 7p then > Densification
if ||S|| > 75 then > Over-reco
SplitGaussian(y, Z, ¢, @)
else > Under-reconstruction
CloneGaussian(y, 2, ¢, «)
end if
end if
end for
end if
ie—i+1

end while
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Deep Marching Tetrahedra (DMTet)

Signed Distance Field (SDF) Surface:  Sp = {x € R® | f(a:6) =0}

e  of implicit
s e

a [ .
e SDF >0
® .

@ SDF <0

DeepSDF



—. AR Z4ERIEN4H (NeRF, 3DGS, DMTet)
Deep Marching Tetrahedra (DMTet)

Physically Based Rendering (PBR)

’ BRDF: normal (JAZk) , albedo (JxM%) ,
/ roughness CFHFSFEE) , metallic (& )& 5E)

L.(p,wy) = fr(p,wi = wy) Li(p,w;) cosé; dw;
J H?

Rendering equation

https://zhuanlan.zhihu.com/p/145410416
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Deep Marching Tetrahedra (DMTet)

Nvdiffrec

Yy A — AU AR PAS (Tet-grid) BN DY A B T00 A -5 B U 3¢ DY T AR AR L% 4%

FRRIE S L —5k & IR BTG

1. 1£Signed Distance Field (SDF)H & i1 ¥ #% T 55 A SDFE

2. i id Marching Tetrahedra$5.2: M DY [ 4 4 4% 4l B HE mesh )

3 KA AL S MOBMIME, L AL 82 6 BE7E mesh L 07 . cresamesos Y =S

4, R XA BAEM TN P A& #1 . albedo, roughness, metallicss
5. H b 45 2| k4 o B A Rl fm iR T EETE 44 (PBR)

ah PriiNg 5 — - [ |
N = ool reslll - e el -
Tet—grld Neural SDF Triang]iéimeéh Neural texture 2D-t(‘=,)‘<:tﬁr‘es Differentiable - e *
Topology through deep marching tets PBR materials split sum envlight | Rendering Reference image
: Differentiable renderer . Image space loss
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= FhFRAE IR L

Representation NeRF 3DGS DMTet
Precise mesh extraction v
Easy convergence v v

Real-time rendering v v
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(I(thxt 1)

DreamFusion  $iisps, FIAT —4E 263 BB I BAIE ,  [5] f 450 e el A
Yl Zidiffusion 145 2% R 4L : Loitt(¢, %) = Etra(0,1),e~n(0,1) [w(t)||€g(arx + 016 t) — €]|3]

%Uﬁﬁﬁﬁ\jﬁ%@iﬁﬂég%ﬁﬁ%%@ﬁ VgﬁDiff(gf), X = g(@)) = Et,,g [’w(t) (€¢(Zt; Yy, t) — 6) 6é¢(zzt; 95 t) g—z ]

~ - g " - v

Noaise Residual U-Net Jacobian Generator Jacobian
AN . o X
A J-unet Jacobiandii: VoLsps(od,x = g(0)) £ Eq [w(t) (€p(ze;y,t) —€)

0
Classifier Free Guidance: 505 z:;y.t) = (1 +w ed, (z¢;y,t) — wep(ze; t)

"a DSLR photo of a

peacock on a surfboard" Imagen
zt,tNU((},l) Zg(2ely;t)
A, -’r'-"‘-.' o _'7'
-~ shading rendering

s i ”,' -
- colore |~ . P(camera) ‘~ e ~N(0,T)

NeRF MLP( : 9) Backpropagate onto NeRF weights
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DreampFusion

params = generator.init()
opt_state = optimizer.init(params)
diffusion_model = diffusion.load_model()
for nstep in iterations:
t = random.uniform(@., 1.)
alpha_t, sigma_t = diffusion_model.get_coeffs(t)
eps = random.normal (img_shape)
= generator(params, <other arguments>...) # Get an image observation.
z_t = alpha_t * x + sigma_t * eps # Diffuse observation.
epshat_t = diffusion_model.epshat(z_t, y, t) # Score function evaluation.
g = grad(weight(t) * dot(stopgradient[epshat_t - eps], x), params)

return params

params, opt_state = optimizer.update(g, opt_state) # Update params with optimizer.

rendering

ENNOI

colorc |~ P(Camera

NeRF MLP( : 9) Backpropagate onto NeRF weights

"a DSLR photo of a
peacock on a surfboard"

Imagen
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DreampFusion

&
&

an orangutan making a clay bowl on a throwing wheel* I as i IS a blue jay standing on a large basket of rainbow macarons*

/g?

a corgi taking a selfie®

% A 3

Michelangelo style statue of dog reading news on a cellphone a tiger dressed as a doctor* a steam engine train, high resolution*



Instant NGP

. SDSH AR =4ERME R 45 &

Mag|c3D & tHtwo-stage | x5 IE, 5] ADMTet

%+ % DreamFusion ™ [ PR A 7] 5 . 2 K B two-stage V)l 25 TR I -
1. MipNeRF# & 1. 4 P SDSTE 64x64 %) #1325 — N InstantNGP
2. K HDiffusionft] W 7 ¥ FAK (64x64) 2. qalnstantNGP%TﬁwaDMTet

25 FHSDSTE512x512 47 ¥ %)l Z-DMTet

[ a stuffed grey rabbit holding a pretend carrot ]

Low- resolutlon
opt|m|zat|on

High-resolution

camera optimization

camera \
| Lsps
e render
I high-res)

render
(low-res)

latent diffusion

prlor h _ - encoder prior
update | =
\ update /

image dlffusmn

3D mesh extraction (DMTet) > 3D mesh LS . High-resolution

representation o " 3D mesh model
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Magic3D

a silver platter piled

high with fruits michelangelo style statue of 3 stuffed grey rabbit
y an astronaut holding a pretend carrot

an iguana holding a balloon

a beautiful dress made an :mperra! state a blue poison-dart frog
out of garbage bags crown of england sitting on a water lily neuschwanstein castle, aerial view



High-resolution
optimization
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Fantasia3D $ OB TLAT AL R 2 R4, 3751 NBRDFRE A1 5t

K two-stage Y| Zx S 0E CHeillJUAT, JEA )

1. FISDSTE512x512 5 #E K )I1ZkDMTet, LIVEZRIE (normal) AT BRI N (FEWI LRI ZRBY BCK F latent encoding)
latent encoding: E i normalfImaskBEE—i#2, {F Nlatent (&2 T itencoderix—5)

2. [l 5EAF JUA, 4k&EFISDSTES12x51243 F R ZrDMTet, A 5T & Bl 08 G PG A A9 BIORE AL () dar N

“a highly detailed stone bust “a highly detailed stone bust of Theodoros Kolokotronis™
of Theodoros Kolokotronis” .
L Ry | 1 [
I I — _‘
| q: — 5 W ,
’ ) it ’
e render i ma > : ol s Lsps l'té"»« %/: render o e
\/ 4 ‘J ; @ i stable diffusion v ka  kem kn oo shaded stable diffusion
(O] (O] ~hormal, |, b ST oo Ee e
k DMTET < . PBR material <
geometry appearance " update - update

(a) Disentangled representation (b) Geometry modeling (c) Appearance modeling
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Fantasia3D

A vintage record player

. P P i
Ly, &
%(:_‘ i : W
\

3 I, ‘;J_“J
-
N ]

A fresh cinnamon roll covered
in glaze, high resolution

The leaning tower of Pisa

A highly detailed sandcastle

A car made out of cheese
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DreamGaussian 5] N3DGS, X 755K 15545 R

K Hltwo-stage VI 25 7 1 -

1. 56 FSDSIZ:— 1 3DGS (L NeRFHE 25 5 W 80
2. \3DGSH #HImesh:  d(x) = Z Q; exp(—l(x — xi)TE-_l(x — Xj))
3. ¥4 UE Y& F 4T multi-step denoising, 1"]57'7””%5&% SR T e = fo(Lhase + €(tstart): Lstarts €)

EMSE — || fine Ioar<;8||2
i) Generative Gaussian Splatting ii) Efficient Mesh Extraction
Text/Image

!

Optimize
Diffusion ——*
i —
Prior Random
View
SDS Loss

3D Gaussians 3D Gaussians

Textured Mesh

iif) UV-Space Texture Refinement Text/Image
M Mapping Add Noise Denoising A
S ——  Diffusion —————— o V.
T T=08 Prior Multi-step
Optimize

MSE Loss

Random View

Refined Image
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Dream@Gaussian

A photo of an
ice cream”

“A photo of a
hamburger”

i P

Input

Optimization Progress



=. ¥ BUR LS50 R0 R 5 SDSHI B R

Zero-1-to-3 1B BB A A 3D awareness

Y B conditionin A\ T I A AL S 20
1. 42— kB A
2. A AT 2K /AR N AR I 55— AR

T A KR HEEE (Objaverse) I finetune.

3. ke 2 % I B R A 3 — A A AR 25 5 B R AL A RO ARG FEAILAL 28 HEEE — 24 Ny condition

4. Bt AL A B A

Input View (RGB)

Latent Diffusion Model \ 7 ﬂmﬂmwm"mm"

Gaussian Noise Output VieW (RGB)

®» Zero-1-to-3 4% V.-

¢ ARG W XA
V£ Zero-1l-to-3 & « | o
& * t&h’& -
[ B, (R, To)] ~ - Z s
. “
VZe Zero-1-to-3 & €« | %
f!{.-a' - ot

\ 4+
[y (R, 7))

Rendering Input View

[

Relative Viewpoint Transform : 8 .Iiv'
R.T. i
(R.T) e T VR Neural Field 5

Ml Volumetric Rendering
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Zero-1-to-3
Image to 3D

nput View Randomly Sampled Novel Views



=. P RSG5 A0 IR 5 SDSHI B R
Zero-1-to-3
Text to Image to 3D
“A computer from

.
the 90s in the style
of vaporwave”

-~

:
“3D render of a pink E E
balloon dog” E E

Text = Dall-E-2 & =» Image =»  Zero-1-to-3 &% —> Novel Views
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MVDream

1E Jii A Stable Diffusion fJE Al Af 1 P 23l

— R MR R DY AL A

1. 42D self-attentiont ~3D self-attention

RSB0 RR S5 SDSH) e R

French cat

i

Robot

e

(Jjood]]

Image
Image Diffusion Loss

BXF)XHXWXC->BX(FXHXW)XC

2. i \camera embedding

3D model

Rendered images

Ry
,n 1 camera

Training Loss

Multi-view Generation

3D Generation

Score Distillation

Multi-view
1 Diffusion Loss
\

View 4
View 3
= View 2
View 1

ResBlock
v

[ 3D SelfAttention ]
¥

Text —> CrossAttention
H A D
Timestep %}

Camera

Multi-view Diffusion UNet
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MVDream DiffusionE Al i) Z AL A & A

Zombie bust, terror, 123dsculpt, bust, zombie Battletech Zeus with a sword!, tabletop, miniature, bat-
tletech, miniatures, wargames, 3d asset

Medieval House, grass, medieval, vines, farm, middle- Isometric Slowpoke Themed Bedroom, fanart, poke-
age, medieval-house, stone, house, home, wood, mon, bedroom, assignment, isometric, pokemon3d,
medieval-decor, 3d asset isometric-room, room-low-poly, 3d asset

. _
A bull dog wearing a black pirate hat a DSLR photo of a ghost eating a hamburger
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MVDream

3D generation
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RichDreamer il #8454 5 T-normal/depth/albedof 55 4

1%} Fantasia3D A [ ) A1 : - Fonormal 24 {ESDS R BURE BY f N
BN T A Z A T8 A T-sDsS:
1. Normal-Depth Diffusion: tR#E A4 Flinormal, depth

LAION Dataset Y y g LAION Dataset
Text-Image Normal-Depth

m=-

Monocular

Prior Model F”ij H

“A photo of xxx” 4

i me-tummimg




