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<Loopy> busily prepares a batch of | Meanwhile, <Poby> diligently sweeps | As the preparations wind up, <Poby> | In the field, <Crong> and <Eddy>
' cookies in the kitchen, anticipating | the floor of his cozy wooden house, | and <Loopy> head to the garden to  engage in a soccer game, relishing
a delightful picnic with her friends. | before going to have a picnic. Join their friends. every moment of the thrilling match,

S 4

: , = "-t. :
On the other side, <Tongtong> and «Petty> arrives with a basket Nearby, <Poby> skillfully prepares Woth the picnic in full swing, <Poby>
<Pororo> engage in an intense game | brimming with ripe red apples, |refreshing fruit juices, his face | sits on a wooden bench, captvvated
of tennis, their skills on full display. | eager to share them with the group. = beaming with satisfaction, by the joy around him.
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Petty
<Petty> entered a
wooden cabin,
greeted by the
crackling sound of a
fireplace.
<Petty> curled up on
a soft chair,
engrossed in a
captivating
storybook.

Input
§;"

Anna ‘Eléa

<Anna> and <Elsa>
wake up from their
beautiful bedroom

<Anna> and <Elsa>
enjoy @ royal feast in
the grand dining hall,
savoring delicious
treats.

Input
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© 1D customization @ 1D customization

@ Semantic Alignment @ Semantic Alignment

Dreambooth

[P-Adapter (base)

NERBEMTTE
(BRBHR)

Q

Petty
<Petty> entered a
wooden cabin,
greeted by the
crackling sound of a
fireplace.
<Petty> curled up on
a soft chair,
engrossed in a
captivating
storybook.
Input

(a)&Ee=z 5% (b) EHRIMHTIE
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© 1D customization
@ Semantic Alignment

ﬂ S;! © Character Correctness

Anna Elsa

<Anna> and <Elsa>
wake up from their
beautiful bedroom

<Anna> and <Elsa>
enjoy a royal feast in
the grand dining hall,
savoring delicious
freats.

Input
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A/ f. AL T2 B
C; = Veap(Instruct., I;),i € [1, N|, (1) Attn =M -V = Sol'lmux( (v .,f.r)\(/_\: kJr) ) (Wefr),
(

| (10)

> Map < 0;, Af >= (SG{V|0:) = (Parser(C4)|0:). (2) | . - ,

pi(a.y) = 21 /151 e~ 2 F— e y—py) 8 (Tt y—y)"
R(0i,0;) = (SG{™|(04,0)) = (Parser(Fe))is,  (3) VI (11)

G(O,E) ={) Map < O;, A} >, R(0;,0;)}. & .
( ) {; ap ; (0i,0)}. @) EW?) = {(Apz, Apy),7}, (12)
Z Rj ., char; = Parser(Veap(Instruct., F)), (5) p; (@, ylt;) = 1 e—%(1—1171~y—/t',,)f3”](I—/fx-;u—liy)r’
O,.0n = arg max Sim(char;, O;), 2my/ 12|
() ~
| c (6) 2= oy B e = I\ s gy = g+ D s
AL =05 ® Z Map < 0;, A¥ > . ’ ’ o Y (il:;)
H", = ()c)luu @ "1;)'l1411" (7) [ w'] {[M;](7U) + S'lf [Pl](rll) 2 ?‘3. (14)
NVyl(xy) = K ; 0 .
. 2 Miiw oy — S [P (0 < B.
”.v = Z ();,-qu- '.[.' R,)'j’ '.E:' ();I»’llll'- (8) [ t](‘l“y) o [ ](IU)
1’
E fn B(F) T, enn (0,1) 8 [||‘ — €9( S, t, 7‘(7};))”§]~ ) s=s(t)=a-(In(t+1)+1), (15)

ANDEel (C-CG) MRBENZE5S (KE-SG)
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AIfEE (C-CG)

Character Set Character Vocabulary

- Pororo, Pob Edd
CLLNC B
N X % | X (oo
= on Rod Crong 5
B & [.z.i oW~ o
_ L_ AN s S B > Map < 04, Af >= (SG{V|0:) = (Parser(C4)|0:). (2)
gﬂl w P A a
T e w q
U2 B - 1A - [
! Welk-W
) A
W Vocabularv Construction

( Z N\ T
- E'—Descrlbe Loopy in) { Scene Graph Parser R(0i,05) = (SG{"™|(01,0;)) = (Parser(Fe))ij, (3

’g the image in details.
X Jq,-_g Character Map

Loopy is a pink [reddlsh} { pmkand}
beaver...with reddish round nose white dress G(O,E) = {Z Map < O;, Af >, R(0:,0;)}.  (4)

round nose and flower LOOPY "

barrette... in pink and Pl -~ flower
white dress. L beaver barrette )|

. g
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.-_,’g! " in details.

| ¥ Entity Recognition

[ polar bear | | beaver |

Retrieval from Vocabulary

° q‘ "p 4;': : :. |
- r—I - 7"
F“ = &

O =

[ SNOWYy ]
moutain

o ' Describe the image]

o T e

A polar bear and a beaver are
. They are on a
snowy mountain.

(& Scene Graph Parser

(polar bear, , SNOWY mountain)
beaver, , SNOWYy mountain

__polar bear, , beaver |

Character-Graph captioning

—————————————————————

[ SR R i e p———

\

A beaver and a polar:

mountain.

: This pink beaver has
: reddish round nose,
| Char 1 | with pink and white
: dress and flower
: barrette on head.

|

;l)"lhiskpolar bdear has
ack round nose,
wearing white T-shirt
X and navy blue pants.

bear ski on a snowy|
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Z Rj ., char; = Parser(Veap(Instruct., F)), (5)
i

O,0r = arg max Sim(char;, O;),

| O, 6)
AL, =05, ® Z Map < O;, Af > .

”:' = ()l:)-hur @b A;"hnr‘ (7)

“""v.r = Z ();{qu' 32 I?'.)v.i’ & ();,;;uu" (8)

I

[E.I~E(f),'r,,.m.fv(n,l),f.[||‘ — f()(fuf~T('1‘g))||§]- (9)
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r — softmax (WL E)XWifr)™y o
Attn = M -V = Softm: (W, fr).
1 orm lx( \/ﬁ ) ( fl)
(10)
l 17/, b | T
AT S —g(Tz—pey—py) X7 (= pp,y—py)
pile,y) = e 2 Y By
i 27/ | 8]
(11)
E(W?) = {(Aps, Apy), 7}, (12)
1

e L(a—pie y— iy ) 5™ @ —pie y—piy) T ,

pi(z,ylt;) = —¢
2my/ |3

2 =D, iy = g + A#:l‘wl[y = Wy + A,U,y,
(13)
, M)z + 8if [P )(zg) = B,
[JM(](:v.y) — { : ) : 7 =39) }f (14)
[Mt](w.y) — s,if [P ](a.',y) < B.
s=s(t)=a-(In(t+1)+1), (15)
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&S0 (Char D) | ([T : (char 1) B, S g
I ! ' : Q| [P Lm =
| (Char2] | 1 v 2 S o w
s s s e i l | X /i M 2ls S =
A =N . 2| 2|23 =
st ) |\ Peil/ | char2ff & O % 2
(5 = v =i | ] E ’ 9 =
2 E< i HE = - -
%‘ S|4 —g S § E \_Knowledge-Enhanced Spatial Guidance Y,
g6|5 B
; MDescrlptlon for Char i //Text feature for Char i ** Frozen ® Trainable
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Pororo Frozen
Tk e Method  # Params/DB(\) 5106 107 CLIP-I(7) CLIP-T(T) DINO-I(T) CLIP-I(T) CLIP-T(T)
StoryGEN 1064 M 52.92 76.03 26.98 46.67 72.61 28.05
Adapter-based [P-Adapter(base) 1038 M 48.85 76.66 29.98 44.15 78.42 31.69
Sin-Char [P-Adapter(plus) 1063 M 64.36 81.64 24.88 60.87 84.52 27.15
LORA 1024 M 54.13 75.19 28.53 49.02 82.77 29.18
Customization-based  Dreambooth 7118 M 61.85 78.86 26.74 55.01 81.07 27.12
StoryWeaver(ours) 1017 M 64.96 82.65 33.26 62.17 85.24 36.74
Pororo Frozen
Task Type Method  # Params/DBU Y rip 1 FoAce(t)  C-FI(H) CLIP-T() F-Ace(t) C-FI(H
Adapter-based StoryGEN 1064 M 27.27 19.55 27.17 28.91 12.31 21.79
Multi-Char . Mix-of-Show 1164 M 27.20 30.23 44.03 30.71 18.90 30.62
Customization-based LoRA-Composer 1425 M 27.86 27.04 47.36 28.88 27.69 39.72
StoryWeaver(ours) 1017 M 34.30 40.45 59.72 34.94 34.51 44.53

Table 1: Quantitative comparisons on the single- and multi-character generation with existing methods. Our StoryWeaver obvi-
ously merits in semantic alignments with high identity customization compared to existing methods.

BRENE—H. ABEKILTE—H. AEEHRE=sEmBSOTA

A F %
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(2 sample.sh
w TBC dataset.py
e lran py
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HABMFER

Loopy visited Notre-Dame
Cathedral,admiring its stunning
architecture andintricate details.

Loopy sat in a charming café
sipping hot chocolate and
nibbling on a flaky croissant.

Z R8BSR

Anna and Kristoff look at each
other under the beautiful starry

Anna and Kristoff sit on the
blanket at night happily in the
garden and gaze at the starry sky. night.

A F 5
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Loopy picnicked in front of the
Arcde Triomphe, enjoying
delicious French delicacies.

™\ el
, . .
Kristoff surprises Anna with a
heartfelt serenade by playing
Ukulele at night, his voice
harmonizing with the night breeze.

19



P cosre

35| RAIEE
WSEASFRAIE A

. WXHGE: FEKE-SGHENS
.k W TAEREIMT

. I BT AR R

. ARk ADGE N L HURAE B A

A EE 20






RANKCLIP: Ranking-Consistent Language-Image Pretraining

Yiming Zhang** Zhuokai Zhao*’
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'HFIPS, Chinese Academy of Sciences “University of Science and Technology of China

3University of Chicago “Carnegie Mellon University

Publication: ICCV 2025
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Text Embeding —><— pull closer -~ Semantic related

S — - push away ... - Gemanticunrelated ® RANK-CLIP: 2EFHHE—E4E(Ranking)BICLIPS

B oyl

) e o ICXE: SHESATI L 5 (NCLIP)h—T3—

o N V- S IR R, (BRKENEXER

%/ o R ® O3 LRREk: FRHFIZRZ (List-wise)dRSEREY, IR
) B 51475 (Cross-modal) FIEZS I In-modal) AgHEE —

: . BMESRIBHRIE R

i = o ERMRRE: = MECPH(cat). #I(dog)FLSZ(can).

| = (8 R RILUARSETE AR, JRES RS (%
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' RankCLIP

® RANKCLIPETFPlackett- Luce(PL)‘H»IE%E Y 1611-@
R-NAIIRIRER RS —EUE.

| R i
| back on a cat perch | andwhitaclouds . n(dlylk—l’ yTefl D) — >
Imagev ; A joyful, cutty-furred | A sieek silver car cruising Text' » . Z Sl_]
. Encoder O | "o = mouniain e Encoder d'€D\Yq.k—1 €
" > l ulmgonheg@ss trees and rocky scenery K
i V2 V3 W i V2 W3 Vi WV V3 Wy nT T3T ’ P(y, yref) o Hk:l T[(yklylk_l, yref’ D)
i, it s ® Lp, = —10gP(Y|yrer)
T, |sta f Ve T2
| o b V| | | s | 1@ Lross—modal = — logP(YV—T» YT—V)
T | st b Vi v Ty l
____________ R e it S e s .Lln modal - lOgP(yV V’yT T)
_ r;.:;—:msea L'i::'-‘vdse /B/\
LR“WKCLIP s Rangng C:r:?st'ency + p - + Rankirig Coorc:ilstency ' Sl] i%j_ & ij-(vl) T )EﬁCLIP1€D (%gz

(B), yrefRmE= T

® Lcross modal A L)\ t-lﬁjqj:jj jT_/I\XTJ
FREYRSZBIL ERERE

A EE LrankcLip = Levup + A1 Lin-modal + A2 Lcross-modal
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ImageNetV2-Matched ImageNetV2-Threshold ImageNetV2-Top ImageNet-R . N g N
Topl Top3 Top5 Topl Top3 Top5 Topl Top3 Top5 Topl Top3 Top5 ® 1 . ElmageNet1 KQSZJ:E%EI\J Egj\i
CLIP[43] |7.53% 14.99% 19.61% | 8.89% 17.22% 21.86% | 10.76% 19.80% 24.87% | 936% 10.56% 19.76% StRETA_E, RANKCLIPF=EY
CyCLIP[19] | 7.68% 1507% 19.11% | 9.10% 17.42% 21.94% | 1120% 20.18% 2534% | 923% 1672% 21.64% ST 7 S RE A (14 a4 o
ALIP[58] |7.82% 15.56% 19.81% | 9.65% 18.31% 22.85% |1143% 20.88% 26.10% | 10.92% 20.27% 26.24% *BUT\/%diZL““}]:‘—I\:El\JEU;I Yo, 3%
RANKCLIP |9.01% 16.95% 21.12% |1032% 19.31% 24.13% |12.31% 22.11% 27.17% 11.34% 2088% 26.94% *DS%/EE%Z‘;‘_—‘O '—5%/&1‘%@1‘5[35, H
YRR B ZE1E
Table 2. Zero-shot top-1, 3, and 5 accuracy on ImageNet1K variants with natural distribution shifts. Compared to baselines, RANKCLIP /ﬁﬁm}l‘_—lﬂi‘% j:Eﬂ'o

achieves higher accuracies. Notably, these gains are more pronounced than on standard ImageNet1K, highlighting improved robustness. () 2 E?VIT% :FIX—XIggyEI.,I O /|\_F;‘

N & R TN RN AORE T
F & o &£ & £ & » & &F A RankCLIPY i Sra T E s
< O Q < g < S S S & ¢ il

CLIP [43] 77.6% 56.2% 43.2% 22.6% 39.7% 60.0% 40.4% 51.0% 79.0%  50.5% 52.0%

o
CyCLIP[19] | 76.8%  543%  45.8% 1929  375%  58.6% 442%  S515% 823%  413% | 512% ® 3: M SCOCOE%*E?&*@%&Z%T%
ALIP [58] 71.1% 49.1% 47.1% 17.4% 36.1% 51.5% 41.9% 53.3% 81.0% 38.3% 48.7% /'_'\s‘nl & — ‘I_IM
RANKCLIP 78.4% 56.6% 42 4% 23.4% 40.2% 60.6% 40.6% 53.4% 79.6% 47.7% 52.3% }7'([\)\]1%73 'j: ! . ETZ:H$)L’M—LI$M
R EREERNTLER,

Table 3. Linear probing accuracv on 10 downstream datasets using a ViT backbone.

Visi ImageNet1K MSCOCO Li Probi
Method fslon = Image-to-Text Retrieval Text-to-Image Retrieval e o 2
Backbone Avg. Acc.
Top-1 Top-3 Top-5 R@1 R@5 R@10 R@] R@5 R@10

CLIP [43] RNS0 21.6% 36.9% 44.9% 15.6% 36.4% 48.4% 6.7% 15.2% 20.1% 64.2%
RANKCLIP 30.9% 49.4% 57.6% 19.5% 42.6% 54.8% 75% 16.2% 21.6% 68.9%
CLIP [43] VIT.B/32 20.7% 35.0% 42.4% 11.9% 29.4% 40.8% 5.1% 12.9% 17.9% 60.7%
RANKCLIP ' 26.2% 41.4% 48.9 % 13.8% 33.8% 45.9% 6.0% 13.6% 18.6% 61.3%

A & 25
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c P o CLIP-15M
220 -0 ) *  RankCLIP-500K
S 2 P *  RankCLIP-750K
> 15 - 15 4 e, % RankCLIP-1M
D A V3 RankCLIP-3M
= ’
gV T 10 /‘N A % RankCLIP-15M
< e | 7 i
= 7’ 4

'c_g.' 2 (%= S| ¥ 7/ Linear fit to
= 00K 750K 1M 3M 15\ ~ standard trainin

500K 750K 1M 3M  15M =& 10 45 96 55 30 9

Dataset size Topl Accuracy on ImageNet1K (%)

® f tE, ¥ XICLIPFIrankcliptEBU7E A RIEIEIME FRYE
BisCiw, fElmageNet1KE@RE £, MCCIMEUREADE
MIEARERUEEEERT, rankclipfIZREAtop-193E
R B ZLFCLIP,

® 4 FE: fxlmageNet1K (1#3H) FllmageNet1K-R
(Y\5H) BESE L, FHEAtop-1338EM=R, rankclip
RN B EFEEFNERE.,

i \ o £TE: ErBAGBESIHSEION, SN

e FERIBECYY, SRAREREFEEXENE, {YS9MNE
S KEDHDEEREET.

Figure 6. Scatter and histograms plots illustrating modality gaps
of (a) CLIP and (b) RANKCLIP.
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Caption: photograph of two men on motorcycles The man is wearing glasses and an orange hat
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® RANKCLIPETFPlackett- Luce(PL)‘H»IE%E Y 1611-@
R-NAIIRIRER RS —EUE.

| R i
| back on a cat perch | andwhitaclouds . n(dlylk—l’ yTefl D) — >
Imagev ; A joyful, cutty-furred | A sieek silver car cruising Text' » . Z Sl_]
. Encoder O | "o = mouniain e Encoder d'€D\Yq.k—1 €
" > l ulmgonheg@ss trees and rocky scenery K
i V2 V3 W i V2 W3 Vi WV V3 Wy nT T3T ’ P(y, yref) o Hk:l T[(yklylk_l, yref’ D)
i, it s ® Lp, = —10gP(Y|yrer)
T, |sta f Ve T2
| o b V| | | s | 1@ Lross—modal = — logP(YV—T» YT—V)
T | st b Vi v Ty l
____________ R e it S e s .Lln modal - lOgP(yV V’yT T)
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Video Music
1. Human-centric 1. Symbolic
2. Audio

2. General
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Video-to-Music Generation

1. Specialized Model
2. Multimodal Generative Model
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Involved Modalities
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Generating Components

<

Visual Feature
Extraction

1. Spatiotemporal
2. Motion & Rhythm
3. Semantic

4. Fusion

[
Music

Generation

1. Model Input

2. Cross Attention

3. Contrastive Learning
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Conditioning

Mechanism
1. Autoregressive

2. Non-autoregressive

P AR

SOUTHEAST UNIVERSITY

1. RITHFAEREN

(55 FEFI) || &R TR AD e (OCLIP,. DINOV2)IZENARSR
IRAYAR TEHEAIE

2. BIRESYF

BRI L IR o - S AR ATIE TN K ER

3. RIHFSINERL
BTt a (I P SR ey o B IR R S SR

4. BRI

B EE IR TR AR E AT F—EUE




01 %

2

b

=N

il

02 FiELRIA
03 RFRILIE

04 BIER

05 K3k,

17=|

&% B




- . o

Audio Spectrogram

Contrastive Objective
(Semantic + Temporal)

Video Frames

Contrastive Audio-Visual Pretraining (CAVP)

Stage 1: CAVP
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KZFI{E——Diff-Foley
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P()
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Latent z,

—~e —=9-
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B R 1
Audio Spectrogram Diffusion ! Reverse Generated Spectrogram
Process 1 Process
1
Latent Diffusion
KO"I K(\l, —> Denoising Objective
ST | e >
A
]
Visual Feature Ga:ssian Noise

LDM Training with Aligned Visual Representation

Stage 2: LDMiJll&
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' KZFI{E——Diff-Foley

Double Guidance

[ Classifier-Free Guidance } Alignment Classifier |
Guidance
i ¢ ( _L 7
€0 (zt,¢)+(1-w) € (248, ¢)—"0(z,1,0) E \ VilogPy/ —v

Audio \3’|zt 8")
| R4
|
v ~7€
—*L Joint Effect }

l

High-Quality and Aligned Audio

|
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Double Guidance (YE5|&)

Classifier-Free Guidance: @I &AL mHRIE
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Alignment Classifier Guidance: (XI55 25881H—
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NV SOUTHEAST UNIVERSITY

METRICS

MODEL VISUAL FEATURE FPS GUIDANCE IS T FID i' KL ~L ACC (%) T INFER. TIMEJ,
SpecVQGAN [21] RGB + Flow 21.5 ) 4 30.01| 8.93 | 6.93 52.94 5.47s
SpecVQGAN [21] ResNet50 21.5 X 30.80| 9.70 | 7.03 49.19 5.47s
Im2Wav [41] CLIP 30 CFG (v/) 139.30|11.44(5.20 67.40 6.41s
DIFF-FOLEY (Ours) CAVP 4 CFG (V') |53.34|11.22|6.36 92.67 0.38s
DIFF-FOLEY (Ours) CAVP 4 Double (Vv)[62.37| 9.87 | 6.43| 94.05 0.38s

EEER ZHie SRR

VGGSound#iiEeE v SOTAl%HE

ISi£Z62.37, KiE#BiEkSpecVQGANELL(IS 30.01) FEV2AES EIREI SR R iEMRE

IR T v REIERIST

XIS R B E R T A R E R RN RIS S CAVP B Z{aF S sRnT Rt

izibEen A FEISRRRR

B TR R RIFAISC AN Z (aE FEHX10FP LA ISR, S Al B0k %
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Ground Truth

SpecVQGAN

- F 8 friﬁfﬁ "L .

a. Ground Truth b. CLIP Visual Feature

il
;

Fails to generate

Diff-Foley (Ours)

(

c. CAVP Visual Feature (Ours) d. ResNet50 Visual Feature

(llitting golf ball)

e
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Predictive Action Closed-loop Finetuning

MRS T — LTS RRERE, AKIET
EMEERIEN, EIEa AR AR P P
1) BRI, SR -

2) ETRERIR (MMKES) HIARGIA. B 3‘
o
I'he person is trying to grasp the mug t 5
SRR, BIBOFFA—MEENARER
1TE IR B ES AR IR AFES e s
=45 Complexity Reactivity

Roland S Johansson and J Randall Flanagan. Coding and use of tactile signals from the fingertips in object manipulation tasks
Nature Reviews Neuroscience
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Name

Type

Resolution

Latency

Durability
A &

-

Gelsight Mini

optical tactile

very high (8MP)

high (>50ms)

low

Mc-Tac (customized)

optical tactile
high (2MP)
medium (>20ms)

low

force / torque sensor

force / torque

low (6-dim)

low(<2ms)

high

51
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TactAR:

Environment

4
|
|/

-e

Tactile / Force Sensor

—F

Priorperception
@120 Hz

Force / Torque Stream
@120 Hz (opt.)

Image Stream
@30 Hz

Tactile Stream
@25-30 Hz (opt.)

Action Command
@90 Hz

LT -

%\%*“‘%

y SOUTHEAST UNIVERSITY

Teleoperation System

Sl 1)
‘ Workstation -. VR Headset and Controller
TCP Pose
@ 120 Hz :
Feature 1 Tags Sream Feature 1 Hand Pose Tracking for EE Pose Control

Deformation Field Extraction =~ @25-30 Hz (opt.) "
Feature 2 Realtime Tactile Feedback in AR

3D Deformation Field = 5 | o5 sensor 3D Deformation Field 2.2 Attachment to End Effector
@25-30 Hz (opt.) — ;

Feature 2
Image Stream Processing

Action Command
@90 Hz

Feature 3 s (.

Time Synchronization

. Meta Quest3HE LS il e/ 77 /s 1ot
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I € 2 RE AU 25 [A) LA A AR S P AT 45 -
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Realtime Tactile Feedback

Camera
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(1) EEn S NEESEPEENE
PIRANSIEBIEY BURES,

(2) EESN NEIAEAIE S tdzHlAY
[RIEIEXIFR 1A =R

SERITRZRIA, TN RSB FREEE SRS
RS Fr—BUEF AR S/ RAT R PR = HEME,
M RIgEIMaE, (BIRE AR TanEsRAT1E
STHRERE, AL ESES,
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SISO MAHES/RA RN ERIERAES], ZBSECR
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(a) Vanilla Action Chunking
D Low-freq. Observation
Predicted Action Open-loop
L]
O
Open-loop
O t=3
O Sent Action
t=20
(b) Action Chunking with Temporal Ensembling
Weighted Average
] Semi
[l ] Closed-loop
iy
m (W |
t=1 Sent Action
t=20
(c¢) Action Chunking with Slow-Fast Policy (Ours)
[] Latent Action u
[] Tactile Rep. / Force ] ]
Slow Policy ] E O o Closed-loop
O L]
OO ] t=3 t=3~5
L Sent Action
t=0 t=0~2
55
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(a) Training Pipeline of Reactive Diffusion Policy (b) Inference Pipeline of Slow-Fast Policy

J
. : : : : 5 B
» Fast Policy: Asymmetric Tokenizer (AT) E L A [;]/) iy
Training Stage 1: L, Loss for Reconstruction 1 t=0 I ST ] l = | L] l; i1 1l 3 f
Achon (“lmnl: A Reconstructed :\ctinn Chunk A E ZoZy E
' I O
Encoder Decoder & d. | A High-freq
(IDCNN)  (GRU) P t=1 . Avioeagbsive Tied
1
[ — :
1 O O O | A
Latent Achon Chunk Z High-freq. Tactile Rep. / Force F : t=2 F, Recent Tactile / F
! ClE N
Low-freq. Observation O and Denoising Step ¢ E 0, 05 B
1 t=3 DD
| Z2 73 Fy
| ~all L : (/L O
8 I I — - : t=4 1 t Action Chunk [r
D : L - 1 T S
an ID U-Net cs:zumx{d noise E §im .
Training Stage 2: MSE Loss for Noise Prediction : Sent Action
a Slow Policy: Latent Diffusion Policy (LDP) : prom e
N7 bl
R AEXI R T e T TR EZRILE 71' E&frgl_ SL[E]
L = oAb 5,4
HIEEDE (FIRESBERKERRIRE) | JitEET
=i
® ~ z: 3
A -5

B /5B |G AEXIFR DRl S R n s E R YR
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AWA, XMPZIRRIT ISR TRIERE
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TABLE II: Policy Performance for Peeling Task

ARIHIE

P AR

TABLE III: Policy Performance for Wiping Task

SOUTHEAST UNIVERSITY

o Perturb. Perturb. | All No Perturb. Perturb. All
Perturb.  before Contact  after Contact Perturh. before Contact after Contact
DP 0.56 0.58 0.19 0.44
DP w. tactile img. | 0.60 0.49 0.16 0.41 DP _ 0.75 0.70 0.25 0.57
DP w. tactile emb. | 0.48 0.55 0.15 0.39 DP w. tactile emb. 0.60 0.75 0.15 0.50
ggg ESI%’SI‘igl;t) (1)-33 g-zi 8?8 8-33 RDP (GelSight) 0.85 0.95 0.50 0.77
. ac o . A . .

RDP (Force) 0.99 0.98 0.88 095 _ RDP (Force) 0.95 0.85 0.80 0.87

TABLE 1V: Policy Performance for Bimanual Lifting Task

TABLE I: Inference Time of Different Modules on RTX 4090 | Soft Paper Cup | Hard Paper Cup | _au
| Clamp Lift Score | Clamp  Lift  Score | Score
Diffusion Policy  Slow Policy (LDP)  Fast Policy (AT) DP 0% 0% 0.00 0% 0%  0.00 | 0.00
DP w. tactile emb. 10% 10% 0.10 20% 10% 0.05 0.08
120ms 100ms < 1ms — : : :
RDP (GelSight + MCTac) | 100% 100% 055 | 90%  80% 040 | 048
RDP (Force) 100% 90% 0.80 90% 90% 0.60 | 0.70

A E 5 59
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VR Teleoperation Experience IL Experience

0% FE
" Yes 3 ' Yes

Helpness of Feedback (Teleoperator) Helpness of Feedback (Cucumber Holder)

 80% Very Helpful 4395 Very Helpful
i % W Sometimes : ——] Sometimes

Not Helpful Not Helpful

R

| -

A EE

Normmalized Length
e g vt
= =N to

2
i

0.0

Score in Peeling Task
e bt e e -
o = o oo o

e
o

20.9%

VR w.0. Feedback Ours (TactAR)

T

30.3%

No Perturb.
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4 SOUTHEAST UNIVERSITY

0.8 I
33.3%
: |
i 0.6
2
g
204
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o
E 0.2

0.0
VR w.0. Feedback Ours (TactAR)

HURRRRILY
|

\ 1
43]9/0 : I

VR w.o. Feedback

B Ours (TactAR)
|

Perturb. before Contact Perturb. after Contact
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