arxiv:2504.12788v1 1 0 [

ARAP-GS:

Xiao Hanb* Runze Tian'*

Yan Zhang'

Yifei Tong"*

'Nanjing University

K T-HE RS T BERITTE — Ak v 0t Pel i S5 b7 i B s

Fenggen Yu? Dingyao Liu!

2Simon Fraser University

hanxiao@smail.nju.edu.cn

Operation Original

 Edited

Original Edited

K 1. ARAP-GS g5 R, A5 — A8 H S K HAS T, ARAP-GS W] AR ROt Se B 538 3 3DGS k. FefiTiy Jy vk ad vt

3DGS H it ihe (L) s (F

07) RAETCILATAR, 5 ORI AR S LA 2 L Pl — Bk . 35— 3B T Hash e, 41

@ RFIRIER A, HERFORAE T . R A ARSI BN AR S RO AR

Abstract

o IR 0Y % 45 ) A9 A i ) iﬁﬁ' B IRIEIS A
Zey LT BRI R, A P AE RS
2 B ARILARRY T If Ao & I*J B XA FHIRIEC
WAELF) S Ak, R EE TP ey 2D 1440 3D
MA&dndh . R, RO AARIKIT 2R 3D &
# b= (3DGS) A FHXMEHLEsBEE, B AHEK
F Ak — B Aot i 4 0y B Bt R 3DGS 15 K £
AP, ERAP, RNABT —F AT AT R
Moy (ARAP) TR ayiezh Rz 3DGS %4 45 1E 42

X% TAEAT 7 45 5T

ARAP-GS., 54744 3DGS %45 x RF, &£M2%
—/ ¥ ARAP B A48 A T 3D sireg7 %, MM
KT R&E . m BT R, AT ETRHBEHK
FHwIW, ENEERKLATEPIONT Litasdy
HORI R T EARAR 975 . XA 7 ik AU R T AL
R, LHRT RAEER P SNE —5 ., £hi
A, ARAP-GS £ &#r 3D %P3k TIA » %, iE
Al L F IR0 3DGS 4hiE a9 R sk foth Ak . Seo),
&m%ﬁ%ﬁ%m& FE$ A RTX 3090 GPU _Eaf—
ANt AT i R E 10 B 20 4-4F,


https://arxiv.org/pdf/arxiv:2504.12788v1

L 4réd

AL, Z4ERTHOE (3DGS) [24] £ = 4ELAE 45
R Tz, BT H BRI RS NE YR,
TERT BRI A, T B = 4 i i S AR S AT
MG TRk . BEERARN AR, BEY R
BFIRBMESSH, RIS R [27, 36, =4E35
PR [2, 52] M=YES gt [12, 45].

A 3D 375 g 5k B A PR — D RE
HEM A g EZ, @A iT6e98 B hi g Syt —
AT XA EIES G4, B GG RIE L 2ETE .
RAEHE 3D W% 1 3D I w258 T 2 i F
58, BARAH T ER DAE N T 3DGS £, TR
PREFIEAR— B A e 2 S PR [F] 22 T 3DGS 47558
R i, WS N RRER T AR 3DGS 1)
HRIEARAE, BSOS 3DGS 4t (62, 63, 72], B
H UK s 3DGS 4% [7, 21] A% T3 3DGS
e [19]. SXLETAERR, JATWEIREH K—ME
M HEZh 9K 3DGS JmiB 7k, S VABENE L IR %
LAY )T 3DGS, Al Fig. 1 fis.

i 50 5K 2y 1) v 4 PR S DO EL P AR O A E 1B
WU 2 LA 450 D5 T 32 BTG, Fe e F Py
PRI I N A M IO/ K2 BOR L AR, R =4E
W e A3 B [9, 11, 28, 55 Bl —4EAE A
B P K [15, 47], Lt BT — e shax s m
B IR4EE YA, W DragGAN [46] Fil DragDiffusion [53],
LT AR T A A R S B A R B ERE S, i

R FEAA RS H . SR, AR A R DA
PRFF U — SRR ANE, B B dn e s @
HHHFI T 3DGS 2 FE R,

A, AR T ARAP-GS, —FfilET As-
Rigid-As-Possible (ARAP) 28 [55] HHAAG ¥ HUILE
B B 3RS 3DGS S ik . WA I LA
PrBe: —4 ARAP 3DGS 2B Fr BOM— AN A 1L
Jesaiy 3DGS Gl B, W Fig. 2 Frs. 1E58—Rrik,
FNPRERIG 3D m it — AR T4 . REHE
BRI TN P45 B sh BV EUES T ARAP A2
Eo HARH 3DGS B FH5 i) TR EIE T .
IR, AN RIS ZE ] B2 45 SR M R AL, X AT fE
HOER B R BN . TR R, AR5 B

B, FAME A E ORI TR N B 3D i ik

Ao, R BIZRE 2D 3l o PR i By iy

RE JJ SRAE I G B N 25 I S e IR o i . SRR T 3

I Esh K Zh 3DGS FfH 7 VATEAS P SR 55 T i

k. SOARIRI T EM G, FRAT i B e T 45

R SR U e, B2, AT DTk s -

o AT T —Fh 3T ARAP 28I 1) 4 5h UK 3h = 4k
FTEAR (3DGS) ZwiB IV, i ARAP-GS. &
TATVAAE, X B ARAP BN T =4 i
SRR, SR T RFHE AN B B
3DGS 2.

o FATFIAT —FiA BB AT, 2% FE R A
2D PRI K A11E ARAP 25 5 1 3DGS, M
T2 15 22 AL B — SO R A e o ot

o RESLEFRW], AT ELES R 3DGS 5t 1Y
A S T HRA s s i i

2. G IAE

2.1. 3D = i B o g e

NeRF [39] #l 3DGS [24] #B2 B B & A ) i
IR Tk, T NeRF FaaHife MLPs st
3DGS I B AR, REAVFZ4 X NeRF 1%
Jiik [16, 35, 58, 71], Bl TFmIrXHAE, BNk
BT 3DGS. Bi# 3DGS FEH AL T H 4
FAT, WAL TARH BULASTREXT 3DGS #4744 . 3¢
A58/ 3D gk [12, 45, 56, 59, 62, 63, 66, 72]
PIHAEE B 3DGS Ty THi 5y T FH BRI i o SR10, &
AGHE L SCAEE R e 4 3DGS, I HLH I — 44 UL 1)
A G R R EOE SO, R T EA TR LA
SUPRANY I TR I e

— LA YA (7, 21, 37] SRVFET AR H A
FEHU T SR MR I T B AT LTS « (HE AT 28
SRR, T B BRSO AR A iU, R
il TENgEE) 2 I RE S - A LB T AR
HHEE AR Y 3DGS 4t [10, 51] F, (2 e TAHE
HEAARIEBEE F 2D IR EFF G Rz [46, 53] &
Gk LI, RS PR E NS ) 2D ER 4k 3D
Yist. T Seitny 2D PR, XETFIR N T4
NENGRIRZI LERBE T o SRT, [51] (AN IR Shieet P 1%
ZIEA—2E, XA e SEUL R 3D S5t i
DUBTHI XSk, LAk, B ILARY 2D gRi g R REA &



FERREAR RIS [10]. Sk TAERRAYRZ, kA1
W7 IR B MR BRI 1 3DGS, AR 2D ¥
BRI BOR SR X, J7R Hh B AR 3D — St Z
B R S R
2.2. f&4t 3D A5 HY

1B GE I = 428 T Jy YEAE T B DR 2% h otk 1
FREAAR AR, WA BEREIE [50] « 2R
JE [25] FEHEASTE [5] o SRTAT, EATTERZ RS I AE
77, A AR v SR B R s . ET
T (CBD) [22, 23, 32, 48] EHHR H PASCRR & i
HASE . SR, BUEARIEIE T 10 A e 5 2 B,
B ) RS

AR R B TS R e, PRk T
A ISR E M HEAE [54, 57, 65] « ARAP [55]
ST Z W R 2 —, BRI TR T
NS S PO 1 A 22 D B g 2 AR A A T A, e UL
HARBR AT AT B T RE . Hy A [9, 11, 28] i@
AR AR S T B, BT ARAP HAF
AR 2 AR 29 [ B 52 TIRAL I RE L, B
EBER T FTE S [3, 20, 26, 42] o HEFRATIIA, T
25—k ARAP S TE B H Y T =4k mflr, 5k
PHEFBEEN I 3DCS GBI HFST -

2.3, YR e

PHOBEAY [18, 43, 47, 49] FEEMGRAE By TH eI T
S NG HRAN AR . A BBRREY | [47] XFRH)
BLAL B BT R AT AR T &R RIS, BN
Bi55E (13, 30, 61, 68] . FERBAHEFR [31, 60, 67] Al
FG 4R (1, 6, 17, 29, 38] « BIRET Y BUBALN SCA
IR [l 15 G 486 T I PSR BB AT, ARS8 Ax i it 3¢
A KB ETTRE A, FEESERAF G,

—LET5IR [14, 33, 40, 44] P T X — R, IF
TR LT B e R 4015 . Drag-
GAN [16] 5| AT —Fh T A BT 4s (GANs) [15]
(HE 9K ) R i v, 2 R R . 45
I TE (s PV I NE R N SUNIB (P UR S (b SPEN - 27 I E< A = R: 1)
H b R 4w 5118 . DragDiffusion [53] 4 AR 24"
JE B TP HURAL, (A5 7E G 4 T LSS SRS
s, IF BARRE ) B . RE R,
P T R s S R 2 A G SO e,
KX LEHE N UK BN 1 VA 2D P E) 3D 2 KA Bk

AR o

3. ik

ARAP-GS Kl ki) 3DGS g5t A, PA
K N AEF b€ RS FIM N 3 sh 8. SRIEM
XU ETR RS H RS B e RV, AT H bR 21E
BRAEIE AR WIPE R [l T RBZERF N AU,
R0 501 3D i e (B L B AR . X —id
W [ ARAP 3DGS A58 DA KA 3 /UG I i AN
P ZELAFNZST, FATE Wi Sec. 3.1 H1f) ARAP
3D MAEASTERN 3DGS IR AN, BEE N ARATR S
HI7 %, 4FE Sec. 3.2 FIEET ARAP i 3DGS A5,
PASHE Sec. 3.3 Wi B C IR HEA T A0 -

3.1

ARAP 3D W#ZEIE. ARAP A5JE [55] 2&—Fh i
THI =M EAR, BAEEEN SR PR
JEdNIbE . it E AR B/ ME DA BE R R AL B -

E=> w > wyl—p;) - Rilpi —p)|*, (1)
=1 jeN(i)
Horpr N (@) FORTIR @ ABREZRT], p Flp' 3 5130R7E
BRI G TR ARAR, ROZHESEFERE, T w; Ml wi; 22—
SO 7 () FROC AR TR . BRSO a2 AT AR R/ M
WILGIS, p' = p Ml R BCENEANAERE . 45 A 343
e BB B S {ph, 1, P}, HH R ER
M {Ro, R1, ..., Ry} Wil KAt 22 56 B ) 27 S0
Gyl (SVD) S8R, BEJE, HoAth s 08 i i K g
PAR AR A T R -

> wii-p) = Y SLRAR)Pi—py) (2)
JEN(4) JEN (i)
e LAt o5 P T R P A S A 7 B o XA I R
AR ET HEML.
3D wilibdoci:. 3D mi A [24] 2 —Fh R AR R
Fk, B —EHAS ) RN 3D m R Ok £on
5, NG =1{g1,92,---, 98}, HHgi={n,%,ca},
i€ {l,..., N} FEMAR S, p FoREHOAE,
¥ 02 3D Wy =M, o R HERE R BRI MEE,
o FORANEWNE . A THR X 2RI E I RV
flifk, FHEHR X = RSSTRT, Hpt R 2 — 1T PA




As-Rigid-As-Possible 3DGS Deformation

Sampling
T

’

R
®
.r’/« @ CAR::PD @
]

L

Origin GS And User Input  Representative Subset Q

3DGS Fine-tuning with Diffusion Prior N

|
o I @ Refining
i b E — with mask

N

: X
Image Set

Deformed Subset Q

Refined RGB Images

@ Unedited Gaussian Edited Gaussian

o Interpolating
e cnnen 1
o

BN
Image Set

- Aol
Deformed GS

-,
\  Iterative Dataset Update

Current GS

B 2. JiiEREE . AT IE A I B kit TS — BB, X T AR PR LATASTE . FRATRN T =Em i BaXAF0R
BT MR TR Qo RIGTNIFELR ARAP AR L BT Q T 3D millr, oA~ 3D W lirgk iR i fife R Fg i
B’ T 3D A e AR R B A (RS T BTE Q (Sec. 3.2) IR IEFTHERT. AT T = 4R
B2 N T I ERE MO R AR, FATES B BT GH 3D milirdt AT T30 . Hokyt, JAIAH
Y HOEROR KR E R G R R, TR R RIE A =S T (Sec. 3.3).

RN AR U TCRE q WOBERE SRR, T S 2 — R i
TBCHELFE

3.2, R AT RENIPER) 3DGS A TE

N TSI 3DGS FoR i st LA, AW
AT (1) SR AR AR, SRR E
MR dl AL, RIKS) 3DGS A5 (2) 7E 3DGS JLA
P T A A P A A PR AR X G R[] P SHR SR 37 i i
15, BIARFRS . BLRATIER, . AR SCH e HE sk sh Ay
AT XA 7 SO T U 2R T LA S5 A4 0
JbE, SRR PR TR R A E B A I T H RS HR
LA O TR AR P 4ERS 3DGS BRI, 34T
R T 48 ARAP 3D MIARAEIE [55] () n] BERI VLY
JEN], HE RN AT 3DGS #H7ASE . PRI 5
W

W Eq. (1) B, fef o MEd e SR T RELREF
TR Z IR N R BT — WA, AT ERS
TE S Ok B SR s 1 L5 sl 2D — 2 ey B 201 2 M) B
WAL, L, FF=4Em i Ol ARAP 28
T PAREAT BE i fe/ MR AR AR K, AATTTRF ARAP
AR 3D WAk R3] 3DGS.

F—Jr M, TSR R 3D B A

HESKAEITA 3D ml AR T A _E AR AR T
U5, H HAz B W RIF AR S . o T X A i, 38
I JFAGI 3D R SE A TRENLRBE, B4
HARER T4 Q. RIFHATKF K-irdh (KNN)
R Q, VAEESEARAE 6 R R AL Q ik 3D
E o . FATRIAA p R R U0 Sec. 3.1 fR. BJG,
FRATH IR Sec. 3.1 A AR 7 5 26 AR BT EREAE IS R,
FHmSFO pp, XT84 3D @i, KE R B,
A N (i) Fm pi AR RT], TAVSE 7 251
S; = PD;P/T, H D; € RWOXINGI Ry w;; 41§,
AT FAERE, B j € N(i). Py € R>*WOI B Afufy
3D S OIEE p — py MERILHIHRE, P 2
Yo BRIGEATH S; #4047 SVD: S, = U; S, Vi1, H3k15
R; = VUL, Ry JIF B HoAb 3D 5 #7407 1 vh o Al
WL DU TCE, X RIS Eq. (2) IR RS
. B ATEHES LT (55].

R T Q i =gEmili e, JATLETE
CLE R A B AR ) = 4= A o X TR Ry
fii, TATA Q Witk k ity —HEmi i, I
FHERIEAR{E LAIRTSAH B TiE%% qp FASH py -



k
pi= Y wap;+pi, (3)
=1
k
q = Z witd; ® q; (4)
i=1
wy = — EPEN@: =~ pl2) )

S exp(— (@] —p)ll2)’
Holt, pr il q FRELATORITEE, L pl Al g R
IRIANY 3D BN, BEETE Q hRE TS, 1M
® TR TR .

3.3. Ty HotEr 3DGS i

B 3DGS LIy ARAP Z2JE , 5t J LA IRAT
BT REFRILRE , (EANE I AIBO S B AR 2]
fitl, Xl e FEGEALE B P BRI BT
PR XA AR, FAIA TR 2D PR ISR EOR
B IERE , W BUSY StableSR [60] R84 40 4l 1
QePg e . (RS — P BCB LR LTS 21 , StableSR
W PAARE O D A s BRI . RN, 3K
TR & AT RE Sl R A R LA Z A A — S X
PRI, AT T LR SRS Aol A — EA AT i

ZEARBIE B . h Tk B StableSR. 1) 1 5
PPN — B sg ma, FRATRA T2k B Instruct-
NeRF2NeRF (I-N2N) [16] ik RS #r (IDU) 5%
W o FLUAORDL, MRS REFAAET, AR
JE IR UG B AAE A . B ¢ = 10 JRIEAR, FRATERE
— N n MR 4, I StableSR MY
o X SEHATR I 1 PG A s IR AR S IR L6400 £ 1
B SRR AT BELAY SR AT ek 3% T 3DGS AR, [R]HF
PRREA S UME I, 5 — U 8 A O A T
WAHL.

S5 1 3DGS B, 7F 3DGS iRy, Al
PV SMILEI DAE— 253k o StableSR 782 AL 7=
AR — B DR . B 2 T e A g e D3R DR AR
TEFERE, AR AT R OR B S A L A 1 — S0tk . i
W GS REMAAS . R BIRE HR E BE R SR
AL B BHE ML A . PRI, S8 o R e 1
FRUE :

Imerge :M®15r+(1_M)®Igt> (6)

M © FRBICERTF . RIGHH Lnerge HITH vanilla
3DGS ik .

4. S8
4.1. S ICE

Bt FAVEEH T 10 M7 5cdb vl , MESE
W B YA X RIER [4, 16, 39, 41].
SEERAN YT . AT A RTX 3090 FFf7508. J5hG3
SR/ INEE A 500k ) 3000k = i sr1ii . 2% ) Hhat
s v i) v S0 20 A1 928 B TR A AR R A, AT T Bhik
BT ARSI T AT REEN R ER RN
& N = 16384, T @4Rk ¢ R KNN #i% &
k= 32, f{E P EEE R 8. ARAP A
RIRECH 16, TEEREIRE T Hd f g, FoATEE
I-N2N [16] %8, HERE 10 Wk EH— A . 3DGS
M YRGS B 800 ] 2000, 3 s T W1 HE
Wror AR . 2 X T HURS B 417 ] DAZERR 52
o p e AR
JEek . WREATITA, HEEA A0 R sh Ik sh
3D W4 vk, B, FRATSEE TR AR
PR SCASRZN Y 3D B JE g 7 WA T HOAR, Al
I-N2N [16] FI GaussianEditor (GSEditor) [12]. L4},
FATRESE T WAk A R HIK N1 2D E1g 2%
T EE AL, B DragDiffusion (DragDiff) [53] F
SDEDrag [44]. AR, FATHRF 2D gwisr & T
3DGS A TEGALE L, AR5 FIH G e 10 45 58k
4 3DGS S5
ST o FATTY G4 ) ) e T A 3% AR T BRI
SR/ KT NRAA 50 TR 570 35 g 1)
Yise, ARAP RZGFEE 6 43%p, 1M 1000 YOEZH A REAL
ENRATTE S b ML Z R, N2N FFZ KL —
AS/NEF, GSEditor F32E K%Y 20 435 . X TR,
DragDiff “E¥FEEL 5 4304f, 1 SDEDrag “FYFE%E 15 4y
Bl EATTIA B TR TR A R, AR R LT
Z/DTREE 2 /M
VPR . FRATRAHEShER R IEEC (DAL) [70] #H47
Il DAT 5@ AR :

1 n o 19oyi, 110 Y) — Qi 03, 7)

DAI:;ZZ ( 7(1)+27§2 j )2,

i=1j=1

(7)



Operation Origin

Edited

Edited

Origin

Bl 3. A Ik SRS R . BIPIAT R TSR, JRPIAT IR TSR . SRR THEBh A, 2@ ROR
TR, HERFORHEEN I . CJRAR” AN RIS S mIFOR g A S TR AR

Hrpr, n FoREEE, m R TSRS, L ML,
a3 FRTE i-th LR B R iR R R g i )5 1S, piyg
N qi g 53 7 F s B8 BIARBLF- T 1 F40 20F0 H AR A
QIoispig,7y) FRPA piy AL KN~ 1 1, TH
FIET IEAN T o FATREALIEE n = 10 MLA AT
i, FHF v = {1,5,10,20} BN FIIARERB_ET
o DAT ffif it T —Fh 5 AL RHE N 2 5675 3] H AR AU
AR, %S g B S 1 B YIRE ¢ , FRATHE
LR BT T PSR GPT 34k . A
MA PR 60 £ 25 F 8 IR L, I BN
)7 g a5 R AL AR . T [64] 42
th GPT W EBITMaE 1 5 NSRBI —3, RATKFEHR
EI4 GPT-4o HELR EVFALgB AR, 53—
M 1B 10 W3F5r. BRI TERF A AE Tab. 1
i o

4.2. EVESS

AR 7ok A ARSI BAER Fig. 3 Tk
0. WHTATROR , ZLEFTAR R THiM O . R
B, BAOTIAEFI TG P B, AR
AIRL A PR FFILE — B . B JEPIATHE Fig. 3 W
B2 R ARGN: (S YN IR BU R 710 9 P
P R E HERE AL, 3D 5t n] DASE B 3E b A 2
EREAETE o

N Fig. 4 fi~, AR I-N2N f1 GSEditor n] PAFH,
THET SCREY 3D gwf, (E i T HA BRAY SO HL AR fE
1, EATMELME IR 2 B Ea S, Bl < R 5
“hrfr. B, BAAE JCEI THERR R LA . X
—BRENY 2 T RADLM 3DGS A REMAY L. B
DragDiff fil SDEDrag f& 2D L3l 745 AW =R L
fargks, (Hi Tz S0 m—2, EVHT



[ Stretch the vase.

Raise the bicycle seat,

Raise the bicycle \‘

Original I-N2N GSEditor

DragDiff+3DGS

SDEDrag+3DGS Ours

B 4. P beaai g . FA PR T E S 4% I-N2N [16], GaussianEditor [12]. DragDiffusion [53] #il SDEDrag [44] 7£ N1
BT AT T OB . AR BT, AT YA SE 8L T SRS H A S LA TE A AT 2 A R — 3, $R 48 T3 m o T

AR

3D WFEMTARAE™E— B HMBRCR, XRE)s
) 3DGS BN . M2, mTHEZEIEfT ARAP
3DGS BT P A LA — B g5, FAl
W7 IEAEAL T I BE RS S R AL . o 22 3 PR R
ZWANTER L o

4.3. ERER

ERRGERA Tab. 1 FiR. RO ELERT
A IERAME ARG T Sk, SHAM M, 18
Hih k21 3DGS FriAT45 h RIE AL . DAL 15503
B, FRATI T AR AR T 5 A b R 1 VAL AT H AR
LB Z AN FE . H PR, 254 1 20w
GFRRATR T, T HA I ETEHE B K Sl 1) 3DGS S
% FHEIARE . A, GTP-do 5403 H10F T
T ZE RIS T RCR, I SRR —3
PR

4.4. [T

AT 2L T IATH I7 35 W Rh T BT
Wi ARAP AZIEFIY HUER . B2 kT HABT R

RIS SR FEAL R

w/o ARAP Ours

Original

Kl 5. ARAP ZTBRIATENE . AT P ILEDR B TC
ARAP ATEIEER . BATREOALTE IR, ASEHFATH 7
TEAEASTE S R KR 5 LT 5 AR RE ) o

ARAP BIBRATENE . T HRIE ARAP 2SR AL
TN BRI T T IR, B (T, At
T 0T BRI RS Bl ) o A RIS T B B A T



| -N2N GSEditor DragDiff+3DGS SDEDrag+3DGS Ours

DAI(J) 0.3249 0.2994 0.2811 0.3037 0.0968
User Votes(1) 5.1% 7.8% 5.1% 4.2% 77.8%
GTP-4o(1) 4.600 5.467 4.733 5.867 8.067

= 1. s vEh . AT A ¥E 5835 Instruct-NeRF2NeRF [16], GaussianEditor [12], DragDiffusion [53] #1 SDE-
Drag [44] 7E N BISSCHER T T HUE . A ERIX S 3, RATTH A A Br A A Fabn BB R B A .

fEME, BENAE BEq. (5) HE OWAE. W Fig. 5 FiR,
TN T RSB T SRS W I A O S R B T DR
AR LATE . MEZTS, S B A U0 IE
AT R ek AL, SEM Ry, b AR HAR X I
SIS . BUAh, LA (SR XE AT R
Wr R BT el -

w/o StableSR Ours

Original

6. P BOCSMAREE . FATEERE PO R LA oy L
SR ER . FAVRASTE IR, LA FAT D5 IEAE AL T
JERFF R R R R RE T -

P EBOERE A RO . AR TIA Y e R 458
e Fig. 6 H. REAE, B TJUMT 3DGS ZZJESL, 45
AR 3 PEAR AL HE— 20 i A 1 i B 0 3DGS
SEORIETH R IR AL, AT T O B T
Ho YoiaATI] o FATHY G I R RO T O R AR &L
IR KT KL 500k T3 2% b1 v 307 40 11
ARAP RAFTE 6 434, T 1000 WAL K
ATE S b HIZN, BUAMET SCARE 3D 4ifd
J5¥5, 4 Instruct-NeRF2NeRF, ZEZkZ)—/Nit, 1
GaussianEditor 2ZL K4y 20 434,

5. 85, BB AKR 1A%

AT T — M4 ARAP-GS 1 #i 5l 5K 5l 2
ARAP =4 m i gnig i, %A HUER.
AR ARAP AL BB T 3D Wl b, (5
3DGS fefg AT B B 2 UAAT AR 1 N 75 80 50 1 M EF
g . HeAh, FRATRH BRI AR R AR ) K Ak
EHY R, IR 3DGS (AN . h THERIR R R
Frlfo—SbERU L sE 8k, FAT 150 7 LR Sems ,
HARBARE T HME T 5] S8 3DGS M.
FISEIR R, FRATH 7 RSB T o i R A 3h IRk sh 2
3DGS #if, IHAEER I AL T A5
WL . FRATTA i AR N RS T 3 R M 544
PRb N Fig. 7 FR i — L6 0] 2R g e 45 SRR B 3R AT 0 O
ISR

b
.

S b | L v A
Original Edited

Operation

Bl 7. JiR IR OL . AR AN GRIFBEEL I, X
SR o AT PR SR 25 M TS R AT AL, e B
XA DL T ARA KRS AR

AR A R IRATH I 4 ARSI 3D 1= i dmiE
RS TIFRIMER DTN, (HIRATH AR E B 2 ARAP
A RE R 3D E AR, FIANgE g (. &
K, AR R ARAP B B i &ish 3DGS
JRMERAR . HAh, BRI P HOEI KR MR T
5, AR AR B A iRE T . ARG T AE
A PAGE A A3 B %Y, 40 ControlNet [69], DAMGHR i
P TER AR R T . R ML G AR ERAE R T



3DGS ATMAFMRA R, BIANEET PN [34] FdET &
28] AT .

5% 3Lk

(1]

2l

8]

(4]

(5]

(8]

Omri Avrahami, Dani Lischinski, and Ohad Fried.
Blended diffusion for text-driven editing of natural im-
In Proceedings of the IEEE/CVF conference
on computer vision and pattern recognition, pages
18208-18218, 2022. 3

ages.

Jiayang Bai, Letian Huang, Jie Guo, Wen Gong,
360-gs:
guided panoramic gaussian splatting for indoor roam-
ing. arXiv preprint arXiv:2402.00763, 2024. 2

Yuanqi Li, and Yanwen Guo. Layout-

Daniele Baieri, Filippo Maggioli, Zorah Lahner, Si-
mone Melzi, and Emanuele Rodola. Implicit-arap:
Efficient handle-guided deformation of high-resolution
meshes and neural fields via local patch meshing. arXiv

preprint arXiv:2405.12895, 2024. 3

Jonathan T Barron, Ben Mildenhall, Dor Verbin,
Pratul P Srinivasan, and Peter Hedman. Mip-nerf 360:
Unbounded anti-aliased neural radiance fields. In Pro-
ceedings of the IEEE/CVF conference on computer vi-
sion and pattern recognition, pages 5470-5479, 2022.
5

Asker M Bazen and Sabih H Gerez. Thin-plate spline
modelling of elastic deformations in fingerprints. In
Proceedings of 3rd IEEE Benelux Signal Processing
Symposium. Citeseer, 2002. 3

Tim Brooks, Aleksander Holynski, and Alexei A Efros.
Instructpix2pix: Learning to follow image editing in-
structions. In Proceedings of the IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition,
pages 18392-18402, 2023. 3

Weiwei Cai, Weicai Ye, Peng Ye, Tong He, and Tao
Chen.
with planar-based gaussian splatting. arXiv preprint
arXiv:2408.13972, 2024. 2

Seth Green,

Duchamp, and Zoran Popovié.

Dynasurfgs: Dynamic surface reconstruction

Steve Capell, Brian Curless, Tom
Interactive skeleton-
driven dynamic deformations. ACM transactions on
graphics (TOG), 21(3):586-593, 2002. 9

Isaac Chao, Ulrich Pinkall, Patrick Sanan, and Peter

Schroder. A simple geometric model for elastic defor-

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

mations. ACM transactions on graphics (TOG), 29(4):
1-6, 2010. 2, 3

Honghua Chen, Yushi Lan, Yongwei Chen,
Yifan Zhou, and Xingang Pan. Myvdrag3d:
Drag-based creative 3d editing via multi-view

generation-reconstruction priors.
arXiv:2410.16272, 2024. 2, 3

Shu-Yu Chen, Lin Gao, Yu-Kun Lai, and Shihong Xia.
Rigidity controllable as-rigid-as-possible shape defor-
mation. Graphical Models, 91:13-21, 2017. 2, 3

Yiwen Chen, Zilong Chen, Chi Zhang, Feng Wang, Xi-
aofeng Yang, Yikai Wang, Zhongang Cai, Lei Yang,

arXiv preprint

Huaping Liu, and Guosheng Lin. Gaussianeditor:
Swift and controllable 3d editing with gaussian splat-
In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pages

21476-21485, 2024. 2, 5, 7, 8

ting.

Ciprian Corneanu, Raghudeep Gadde, and Aleix M

Martinez. Latentpaint: Image inpainting in latent

space with diffusion models. In Proceedings of the
IEEE/CVF Winter Conference on Applications of

Computer Vision, pages 4334-4343, 2024. 3

Yutao Cui, Xiaotong Zhao, Guozhen Zhang, Sheng-
ming Cao, Kai Ma, and Limin Wang. Stabledrag:
Stable dragging for point-based image editing. arXiv
preprint arXiv:2403.04437, 2024. 3

Tan Goodfellow, Jean Pouget-Abadie, Mehdi Mirza,
Bing Xu, David Warde-Farley, Sherjil Ozair, Aaron
Courville, and Yoshua Bengio. Generative adversarial
nets. Advances in neural information processing sys-
tems, 27, 2014. 2, 3

Ayaan Haque, Matthew Tancik, Alexei A Efros, Alek-
sander Holynski, and Angjoo Kanazawa. Instruct-
nerf2nerf: Editing 3d scenes with instructions. In Pro-
ceedings of the IEEE/CVF International Conference
on Computer Vision, pages 1974019750, 2023. 2, 5,
7,8

Amir Hertz, Ron Mokady, Jay Tenenbaum, Kfir Aber-
man, Yael Pritch, and Daniel Cohen-Or.
to-prompt image editing with cross attention control.
arXiv preprint arXiv:2208.01626, 2022. 3

Jonathan Ho, William Chan,
David J Fleet, Mohammad Norouzi, and Tim Sali-

mans. Cascaded diffusion models for high fidelity im-

Prompt-

Chitwan Saharia,



[19]

[20]

21]

22]

23]

24]

[25]

[26]

27]

(28]

age generation. Journal of Machine Learning Research,
23(47):1-33, 2022. 3

Jiajun Huang and Hongchuan Yu. Gsdeformer: Di-
rect cage-based deformation for 3d gaussian splatting.
arXiv preprint arXiv:2405.15491, 2024. 2

Qixing Huang, Xiangru Huang, Bo Sun, Zaiwei Zhang,
Junfeng Jiang, and Chandrajit Bajaj. Arapreg: An
as-rigid-as possible regularization loss for learning de-
formable shape generators. In Proceedings of the
IEEE/CVF international conference on computer vi-
sion, pages H815-5825, 2021. 3

Yi-Hua Huang, Yang-Tian Sun, Ziyi Yang, Xiaoyang
Lyu, Yan-Pei Cao, and Xiaojuan Qi. Sc-gs: Sparse-
controlled gaussian splatting for editable dynamic
scenes. In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pages
4220-4230, 2024. 2

Pushkar Joshi, Mark Meyer, Tony DeRose, Brian
Green, and Tom Sanocki. Harmonic coordinates for
character articulation. ACM transactions on graphics
(TOG), 26(3):71—es, 2007. 3

Tao Ju, Scott Schaefer, and Joe Warren. Mean value
coordinates for closed triangular meshes. In Seminal
Graphics Papers: Pushing the Boundaries, Volume 2,
pages 223-228. 2023. 3

Bernhard Kerbl, Georgios Kopanas, Thomas Leimkiih-
ler, and George Drettakis. 3d gaussian splatting for
real-time radiance field rendering. ACM Transactions
on Graphics, 42(4):1-14, 2023. 2, 3

Leif P Kobbelt, Thilo Bareuther, and Hans-Peter Sei-
del. Multiresolution shape deformations for meshes
with dynamic vertex connectivity. In Computer
Graphics Forum, pages 249-260. Wiley Online Library,
2000. 3

Youna Le Vaou, Jean-Claude Léon, Stefanie Hahmann,
Stéphane Masfrand, and Matthieu Mika. As-stiff-
as-needed surface deformationcombining arap energy
with an anisotropic material. Computer-Aided Design,
121:102803, 2020. 3

Junoh Lee, Chang-Yeon Won, Hyunjun Jung, Inhwan
Bae, and Hae-Gon Jeon. Fully explicit dynamic gaus-
sian splatting. arXiv preprint arXiv:2410.15629, 2024.
2

Zohar Levi and Craig Gotsman. Smooth rotation

enhanced as-rigid-as-possible mesh animation. IEEE

29]

(30]

(31]

32]

(33]

(34]

(35]

(36]

37]

transactions on visualization and computer graphics,
21(2):264-277, 2014. 2, 3
Dongxu Li,

and Steven Hoi.  Blip-

diffusion: Pre-trained subject representation for con-

Junnan Li,

trollable text-to-image generation and editing. Ad-
vances in Neural Information Processing Systems, 36,
2024. 3

Wenbo Li, Zhe Lin, Kun Zhou, Lu Qi, Yi Wang, and
Jiaya Jia. Mat: Mask-aware transformer for large hole
image inpainting. In Proceedings of the IEEE/CVF
conference on computer vision and pattern recognition,
pages 10758-10768, 2022. 3

Xingi Lin, Jingwen He, Ziyan Chen, Zhaoyang Lyu,
Bo Dai, Fanghua Yu, Wanli Ouyang, Yu Qiao, and
Chao Dong. Diffbir:
tion with generative diffusion prior.
arXiv:2308.15070, 2023. 3

Yaron Lipman, David Levin, and Daniel Cohen-Or.

Towards blind image restora-

arXiv preprint

Green coordinates.
(TOG), 27(3):1-10, 2008. 3

Haofeng Liu, Chenshu Xu, Yifei Yang, Lihua Zeng,
and Shengfeng He.

ACM transactions on graphics

Drag your noise: Interactive
point-based editing via diffusion semantic propaga-
In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pages
6743-6752, 2024. 3

Minghua Liu, Minhyuk Sung, Radomir Mech, and Hao

Su. Deepmetahandles: Learning deformation meta-

tion.

handles of 3d meshes with biharmonic coordinates. In
Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition, pages 12-21,
2021. 9

Steven Liu, Xiuming Zhang, Zhoutong Zhang, Richard
Editing
In Proceedings of the

Zhang, Jun-Yan Zhu, and Bryan Russell.
conditional radiance fields.
IEEE/CVF international conference on computer vi-
sion, pages 5773-5783, 2021. 2

Zhicheng Lu, Xiang Guo, Le Hui, Tianrui Chen,
Min Yang, Xiao Tang, Feng Zhu, and Yuchao Dai.
3d geometry-aware deformable gaussian splatting for
dynamic view synthesis. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition, pages 8900-8910, 2024. 2
and Yi Yang.

structing and simulating dynamic 3d objects with

Shaojie Ma, Yawei Luo, Recon-



[38]

39]

[40]

(41]

[42]

[43]

(44]

[45]

[46]

(47]

mesh-adsorbed gaussian splatting.
arXiv:2406.01593, 2024. 2

Chenlin Meng, Yutong He, Yang Song, Jiaming Song,
Jiajun Wu, Jun-Yan Zhu, and Stefano Ermon. Sdedit:
Guided image synthesis and editing with stochastic dif-

arXiv preprint

ferential equations. arXiv preprint arXiv:2108.01073,
2021. 3

Ben Mildenhall, Pratul P Srinivasan, Matthew Tancik,
Jonathan T Barron, Ravi Ramamoorthi, and Ren Ng.
Nerf: Representing scenes as neural radiance fields for
view synthesis. Communications of the ACM, 65(1):
99-106, 2021. 2, 5

Chong Mou, Xintao Wang, Jiechong Song, Ying Shan,
and Jian Zhang. Dragondiffusion: Enabling drag-
style manipulation on diffusion models. arXiv preprint
arXiv:2307.02421, 2023. 3

Thomas Miiller, Alex Evans, Christoph Schied, and
Alexander Keller. Instant neural graphics primitives
with a multiresolution hash encoding. ACM transac-
tions on graphics (TOG), 41(4):1-15, 2022. 5

Yuichi Nagata and Shinji Imahori. Creation of dihedral
escher-like tilings based on as-rigid-as-possible defor-
mation. ACM Transactions on Graphics, 43(2):1-18,
2024. 3

Alexander Quinn Nichol and Prafulla Dhariwal. Im-
proved denoising diffusion probabilistic models. In
International conference on machine learning, pages
8162-8171. PMLR, 2021. 3

Shen Nie, Hanzhong Allan Guo, Cheng Lu, Yuhao
Zhou, Chenyu Zheng, and Chongxuan Li. The bless-
ing of randomness: Sde beats ode in general diffusion-
based image editing. arXiv preprint arXiv:2311.01410,
2023. 3,5, 7, 8

Francesco Palandra, Andrea Sanchietti, Daniele
Baieri, and Emanuele Rodola. Gsedit: Efficient text-
guided editing of 3d objects via gaussian splatting.
arXiv preprint arXiv:2403.05154, 2024. 2

Xingang Pan, Ayush Tewari, Thomas Leimkihler,
Lingjie Liu, Abhimitra Meka, and Christian Theobalt.
Drag your gan: Interactive point-based manipulation
on the generative image manifold. In ACM SIG-
GRAPH 2023 Conference Proceedings, pages 1-11,
2023. 2, 3

Robin Rombach,

Lorenz, Patrick Esser, and Bjérn Ommer.

Dominik
High-

Andreas Blattmann,

(48]

(49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

resolution image synthesis with latent diffusion mod-
els. In Proceedings of the IEEE/CVF conference
on computer vision and pattern recognition, pages
10684-10695, 2022. 2, 3

Leonardo Sacht, Etienne Vouga, and Alec Jacobson.
Nested cages. ACM Transactions on Graphics (TOG),
34(6):1-14, 2015. 3

Chitwan Saharia, William Chan, Saurabh Saxena,

Lala Li, Jay Whang, Emily L Denton, Kam-
yar Ghasemipour, Raphael Gontijo Lopes, Burcu
Karagol Ayan, Tim Salimans, et al. Photorealistic

text-to-image diffusion models with deep language un-
derstanding. Advances in neural information process-
ing systems, 35:36479-36494, 2022. 3

Thomas W Sederberg and Scott R Parry. Free-form
deformation of solid geometric models. In Proceedings
of the 13th annual conference on Computer graphics
and interactive techniques, pages 151-160, 1986. 3
Sitian Shen, Jing Xu, Yuheng Yuan, Xingyi Yang, Qi-
uhong Shen, and Xinchao Wang. Draggaussian: En-
abling drag-style manipulation on 3d gaussian repre-
sentation. arXiv preprint arXiv:2405.05800, 2024. 2
Yahao Shi, Yanmin Wu, Chenming Wu, Xing Liu,
Chen Zhao, Haocheng Feng, Jingtuo Liu, Liangjun
Zhang, Jian Zhang, Bin Zhou, et al. Gir: 3d gaus-
sian inverse rendering for relightable scene factoriza-
tion. arXiv preprint arXiv:2312.05133, 2023. 2

Yujun Shi, Chuhui Xue, Jun Hao Liew, Jiachun Pan,
Hanshu Yan, Wenqing Zhang, Vincent YF Tan, and
Song Bai. Dragdiffusion: Harnessing diffusion models
for interactive point-based image editing. In Proceed-
ings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition, pages 8839-8849, 2024. 2, 3,
5,7,8

Daniel Sieger, Stefan Menzel, and Mario Botsch. Con-
strained space deformation for design optimization.
Procedia Engineering, 82:114-126, 2014. 3

Olga Sorkine and Marc Alexa. As-rigid-as-possible sur-
face modeling. In Symposium on Geometry processing,
pages 109-116. Citeseer, 2007. 2, 3, 4

Yanhao Sun, Runze Tian, Xiao Han, Xinyao Liu, Yan
Zhang, and Kai Xu. Gseditpro: 3d gaussian splatting
editing with attention-based progressive localization.
In Computer Graphics Forum, page €15215. Wiley On-
line Library, 2024. 2



[57]

(58]

[59]

[60]

(61]

[62]

(63]

[64]

[65]

Michael Wand, Philipp Jenke, Qixing Huang, Martin
Bokeloh, Leonidas Guibas, and Andreas Schilling. Re-
construction of deforming geometry from time-varying
point clouds. In Symposium on Geometry processing,
pages 49-58, 2007. 3

Can Wang, Menglei Chai, Mingming He, Dongdong
Chen, and Jing Liao. Clip-nerf: Text-and-image driven
manipulation of neural radiance fields. In Proceedings
of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pages 3835-3844, 2022. 2

Junjie Wang, Jiemin Fang, Xiaopeng Zhang, Lingxi
Xie, and Qi Tian. Gaussianeditor: Editing 3d gaus-
sians delicately with text instructions. In Proceedings
of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pages 20902-20911, 2024. 2
Wang,
Kelvin C.K. Chan, and Chen Change Loy. Exploiting
diffusion prior for real-world image super-resolution.
2024. 3, 5

Su Wang, Chitwan Saharia, Ceslee Montgomery, Jordi

Jianyi Zongsheng Yue, Shangchen Zhou,

Pont-Tuset, Shai Noy, Stefano Pellegrini, Yasumasa
Onoe, Sarah Laszlo, David J Fleet, Radu Soricut, et al.
Imagen editor and editbench: Advancing and evaluat-
ing text-guided image inpainting. In Proceedings of the
IEEE/CVF conference on computer vision and pattern
recognition, pages 18359-18369, 2023. 3

Yuxuan Wang, Xuanyu Yi, Zike Wu, Na Zhao, Long
Chen, and Hanwang Zhang. View-consistent 3d editing
with gaussian splatting. In European Conference on
Computer Vision, pages 404—420. Springer, 2025. 2
Jing Wu,
Wang, lan Reid, Philip Torr, and Victor Adrian

Prisacariu.

Jia-Wang Bian, Xinghui Li, Guangrun

Gaussctrl: multi-view consistent text-
driven 3d gaussian splatting editing. arXiv preprint
arXiv:2403.08733, 2024. 2

Tong Wu, Guandao Yang, Zhibing Li, Kai Zhang, Zi-
wei Liu, Leonidas Guibas, Dahua Lin, and Gordon
Wetzstein. Gpt-4v (ision) is a human-aligned evalu-
ator for text-to-3d generation. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition, pages 22227-22238, 2024. 6

Weiwei Xu, Kun Zhou, Yizhou Yu, Qifeng Tan, Qun-
sheng Peng, and Baining Guo. Gradient domain edit-
ing of deforming mesh sequences. ACM Transactions
On Graphics (TOG), 26(3):84—es, 2007. 3

(66]

[67]

(68]

(69]

[70]

(71]

[72]

Minggiao Ye, Martin Danelljan, Fisher Yu, and Lei
Ke. Gaussian grouping: Segment and edit anything in
3d scenes. arXiv preprint arXiv:2312.00732, 2023. 2
Fanghua Yu, Jinjin Gu, Zheyuan Li, Jinfan Hu, Xi-
angtao Kong, Xintao Wang, Jingwen He, Yu Qiao,
and Chao Dong. Scaling up to excellence: Practic-
ing model scaling for photo-realistic image restoration
in the wild. In Proceedings of the IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition,
pages 25669-25680, 2024. 3

Tao Yu, Runseng Feng, Ruoyu Feng, Jinming Liu,
Xin Jin, Wenjun Zeng, and Zhibo Chen.
anything: Segment anything meets image inpainting.
arXiv preprint arXiv:2304.06790, 2023. 3

Inpaint

Lvmin Zhang, Anyi Rao, and Maneesh Agrawala.
Adding conditional control to text-to-image diffu-
In Proceedings of the IEEE/CVF In-
ternational Conference on Computer Vision, pages
3836-3847, 2023. 8

sion models.

Zewei Zhang, Huan Liu, Jun Chen, and Xiangyu
Xu.
editing with diffusion models.
arXiv:2404.07206, 2024. 5

Gooddrag: Towards good practices for drag

arXiv preprint

Jingyu Zhuang, Chen Wang, Liang Lin, Lingjie Liu,
and Guanbin Li.
editing with neural fields. In SIGGRAPH Asia 2023
Conference Papers, pages 1-10, 2023. 2

Dreameditor: Text-driven 3d scene

Jingyu Zhuang, Di Kang, Yan-Pei Cao, Guanbin Li,

Liang Lin, and Ying Shan. Tip-editor: An accu-
rate 3d editor following both text-prompts and image-
prompts. ACM Transactions on Graphics (TOG), 43

(4):1-12, 2024. 2



	介绍
	相关工作
	3D 高斯图元编辑
	传统3D变形
	二维图像编辑

	方法
	初步的
	尽可能刚性的3DGS变形
	使用扩散先验的3DGS微调

	实验
	实验设置
	定性结果
	定量结果
	消融研究

	结论、限制与未来工作

