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Background
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- Introduction

Text to Image Generation
»  Improving Sampling Speed of Diffusion Model : C|+8 22 7|2 2l2|2} 27+0| £|= DDPM1t DDIM 2:7H
«  Conditional Diffusion Model : C| =8 @& 0f ZAC|ME 0= Classifier Guidance, Classifier Free Guidance Z12| 11 Latent Diffusion 2~7H

«  Enhance Prompt Understanding: C|+ 78 22 0| ZTEZE HIP =5 =9| Structure Diffusion, Attend-and-Excite 2~7H

28

. 2ving Sampling Speed of Eonditional Diffusion Models = hancina Prormot Understandi
Diffusion Models — anding Framp erstanding

Open DAADA Seminar
2023.02.10

In Text-to-Image Diffusion Model
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Jainy Hym Las D0 e Scnninea
E023.06.09
Improving Sampling Speed of Diffusion v Conditional Diffusion Models Enhancing prompt understanding in difft
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- Introduction

Text to Image Generation

4

< U™ Z70j| 5= o|o|X| 4448: Latent Diffusion Model

+  Textto Image Generation : LDM2 7+ A[QF leO| =@t ZEZE S QA0 ISt= O|0|X| & 44
= CUP Encoder : IAEQ} O|0|X| 2] joint embeddding= T+k= HIAE Q1AM
= Coss-Attention ZEZE Z F0{%l condition= 0|0]X|0j] HtA

o DE2 A1E0]| Stable DiffusionS 7|22 2 TIsH

U-Net
7 ~ N(O ]) / Cross Attention \
. ala Q| a .
KV KV KV KV
LT ES TSRS
64X 64 X4 N\ ) 64X64X4
A — : S
TEZE &g & O|0[X|
— a 512 X 512 X 3
Prompt: H5t= -
B 4R} o
= - CLIP Encoder
KOREA R Data Mining R. Rombach, et al. "High-Resolution Image Synthesis with Latent Diffusion Models" CVPR (2022)
UNIVERSITY e®® Quality Analytics https:/Avww.filipcvetko. com/dalle2/
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- Introduction

Text to Image Generation

< Text to Image C|5F7H 2H0|A] 2/ d5H= EXIH

Prompt: “ A bear and a Prompt: “ A pink sunflower
turtle ” and a yellow flamingo “

s

-
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< Missing object > < Attribute binding>
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- Introduction

Text to Image Generation

< Texttolmage CIFH =2

« N7t S8R

Agarwal, Aishwarya, et al. "A-star: Test-time attention
segregation and retention for textto-image
synthesis." Proceedings of the IEEE/CVF
International Conference on Computer Vision. 2023.
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(missing object), Z4HIofl R E &

Prompt: “ A bear and a
turtle *

‘d0| B0 &|= (attribute binding) £A| 244

Prompt: “ A pink sunflower
and a yellow flamingo “

< Missing object >

< Attribute binding>

Rassin, Royi, et al. "Linguistic binding in diffusion
models: Enhancing attribute correspondence through
attention map alignment." Advances in Neural
Information Processing Systems 36 (2024).




Il Enhancing Prompt Understanding

A-STAR

/ A-STAR Test-time Attention \ Linguistic Binding in Diffusion

Segregation and Retertion for Modek: Enhandng Attribute
Textto-image Synthesis Correspondence through
Attention Map Alignment

IPS 2023
\ (CCV 2023) / \ (Neur ) /
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A-STAR

/ A-STAR Test-time Attention \ Linguistic Binding in Diffusion

Segregation and Retertion for Models. Enhanang Attribute
Textto-image Synthests Correspondence through
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[l Enhancing Prompt Understanding

A-STAR

% A-STAR: Test-time Attention SegregaTion And Retention for Textto-image Synthesis (ICCV 2023)
Motivation: Z{X| S0 44 =|X| = =A| - Missing object

. IDEIZE | 2N 250 0YTL KL Y0| BE @YEH0| AL

Prompt: “ A turtle and Prompt: “ A bear and a
a bear " fish”

< Missing object > < Missing object >
KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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X/

% Cross attention map
«  Cross-Attention: ZEZE £ Z0{ %l conditon= 0[0| X|0f| HHY
. = 2t ZEZEL| tHo]7} ojOfX| o= B Eu} HAEQU=X] LIESHH

£20| o S FEX T} Ths

o|O|X| 2, —_— Query —

Scientist

Eil AE
s > Key ————
Condition o[ O|X|(Query)2} :
c} 1} Chemicals
CHO|(Key) 2HA|
‘Panda mad scientist
Mixing sparkling chemicals”
Data Mining https:/Aww.youtube.com/vtch? v=28 WWrilh1P U&t=3368s
UKNCR/&EQ .ﬁ Quality Analytics -’ o htt;s://www.filipcvetko.cortnldaIIeZI




[l Enhancing Prompt Understanding

A-STAR

< Missing object 24 22!

. Crossattention map2 S5 24 1017} 0[] X| Of.= S0 YeHS FEX| S0l 7Hs (H7HIASZ 23t FEE)

—

@ Owlap ZEZE L E250| FHS NS HAO| ZX|= 34t

U

Prompt: “ A turtle and a bear

<A> < turtle > < and > <a> < bear>

—_— overlap _——

4gE o|ojx|
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[l Enhancing Prompt Understanding

A-STAR

< Missing object 24 22!

. Crossattention map2 S5 24 1017} 0[] X| Of.= S0 YeHS FEX| S0l 7Hs (H7HIASZ 23t FEE)

@ Attention Decay. ZTEZE L EZO| Fa A

Prompt: “ A bear and a fish “
Cross attention
map at
time step 50

Cross attention
map at
time step 40

4gE o|ojx|

KOREA Data Mining
U8ERS|TY .ﬁ Quallity Analytics




[l Enhancing Prompt Understanding

A-STAR

% A-STAR: Test-time Attention SegregaTion And Retention

- Segregation Loss MZE C}2 K| E20| L2 £&20]| &S FE 5 aoss attention overlap |

o
*  Retention Loss: 57 K| E29| qoss attention 442 7XI5H) attention decay E4X|
/ A cat and a fro
' During each step | 4 Zy l Jrog Zi—1
| of the denoising | e
 process, z, will be | KV
‘converted to z{ by |
A-STAR. Q
: Zz, =2y — a;Vy (Lgeg + L .
Segregation loss t =2t = At Vg, (Lseg + Lret) Retention loss
Lseq IOU(Acat Afroq) [ L""t - z [1 - IOU(A;‘B£+1)]J
p={cat,frog}
t t l, ————————————————————————— \\
A t A 1 t * t 1
= ] : Acat > Afrog :
- 5 :
_ ’ ¢ t+1 t+1 |
\ i
i e e b s
KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image 16
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

/

% Missing object & 5 221 - Segregation loss
- ZH K| EZ Cross attention0| ZX|= Overlapping X423}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

Prompt: “ A bear and a turtle ”

KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

% Missing object &H| SHZ%'H1 - Segregation loss
- ZH K| EZ Cross attention0| ZX|= Overlapping X423}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

Prompt: “ A bear and a turtle ”

cross
Alga” attentionO| A%urde
XX = E
|
|
|
L= 3 |l Al s A) m: bear
- m,nel ZLJ([A;H]‘J + [A?]l_}) n: turtle
vm>n t: time step
ij: $Xl

KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

% Missing object &H| SHZ%'H1 - Segregation loss
- ZH K| EZ Cross attention0| ZX|= Overlapping X423}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

Prompt: “ A bear and a turtle ”

AL 0| E
cross
Alga” attentionO| A%urde
XX =
|
1
|
L= 3 |l Al s A) m: bear
- m,neC ZLJ([AEH]‘J + [A?]l_}) n: turtle
vm>n t: time step
ij: S

KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

/

< Missing object 4| s ZtH1 -

«  Z} 28K E2 Cross attentionO| ZX|-= Overlapping %

o Cross attentionO| ZAX|X| &0 22| L=

Prompt: “ A bear and a turtle ”

\and

Cross

A’ga” attentionO| A

AR X E=F

Qo

L= 3 | Zfrin(AT)y (A7)

o= | (A" + [AY]ij)

Ym>n

Data Mining
.‘\ Quality Analytics

— Segregation loss

m: bear
n: turtle
t: time step
ij: $1%|

23}

segregation loss X|Qt

Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

/

% Missing object & 5 221 - Segregation loss
- ZH K| EZ Cross attention0| ZX|= Overlapping X423}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

Prompt: “ A bear and a turtle ”

02 | 01 | o1 01| 02| 0o
04 | 05| 08 “ 02 | 08 | 06
I
02 | 03 | 07 I 01| 02 | o6
Cross
A’ga” attentionO| Atwrte

¢
AR X E=F

I

I

I

L= Y | Rl (A (A7) m: beer

A | (AR, + (A7) n: turtle
vm>n t: time step

i |1

KOREA \ Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

/

% Missing object & 5 221 - Segregation loss

. ZH M| EZ2 Cross attentionO| ZX|+= Overlapping X222}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

Prompt: “ A bear and a turtle ”

02 | 0.1 0.1

04 J 05 0.8

02 | 03 | 0.7

bear
At

ﬁseg = Z

m,neC
Ym>n

Data Mining
KOREA .ﬁ

UNIVERSITY Quality Analytics

. min (0.5,0.8 0.5
1=2,j=2 min (0.5,0.8) - 2
0.5+0.8 1.3
0.1 0.2 0.0
“ 02 | o8 | o6
1
1 0.1 0.2 0.6
cross
attentionO| Atfw”de
A x| A F
|
|
1
2_[min([Af")ij, [A7]ij) m: bear
>4 ([AF" )i + [AT]i5) n: turtle
t: time step
ij: $Xl

Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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Enhancing Prompt Understanding

A-STAR

% Missing object & 5 221 - Segregation loss
- ZH K| EZ Cross attention0| ZX|= Overlapping X423}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

Prompt: “ A bear and a turtle ”

) min (0.5,0.8 0.5
1=2,j=2 min (0.508) _ 05
0.5+0.8 1.3
02 | 01 0.1 0.1 02 | 00
04 | 05 | 0.8 02 | 08 J| 0.6 .
“ i=2,j=3 min (0.8,0.6) _ 0.6
| - ’ - e
02| 03| 07 I 01| 02| 06 0.8+0.6 14
Cross
A’ga” attentionO| A%Wde
A x| A F
1
|
1
Lieg = Z 2 ymin([A{"]ij, [A7]ij) m: bear
seg —
¢ = >4 ([Af]i + [A)ij) n: turtle
¥m>n t: time step
ij: S
\ Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
.‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

% Missing object =X| s Z4tH1 -
- Z} 28K E2 Cross attentionO| ZX|-= Overlapping |23}

«  Cross attentionO| BX|X| g E2|k|=F FE5H= segregation loss A2t

[ J
n n .
Prompt: “ A bear and a turtle .
) min (0.5,0.8 0.5
1=2,j=2 min (0.5,0.8) = —
0.5+0.8 1.3
02 | 01 0.1 0.1 02 | 00
04 | 05 | 0.8 .2 .8 | 0.6 .
“ 02 | 0 2= min (0.8,0.6) _ 0.6
1 el T -
02 | 03| 07 | 01| 02| 06 0.8+0.6 14
Cross [
A’ga” attentionO| A%Wde °
XX = E °
I
|
1
. axl= —r--°1|*‘| cross
frg 3 [ZafrinATTy A7) m: bear attention }0| X2 ZHK|=
| ARG+ [AT) n: turtle HMEEX| X8 R
ij: S
KOREA K Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image 24
UNIVERSITY ... Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

< Missing object =X| 5l{ 2'4*H2 — Retention loss
- K| EZ9| Cross attentionO| H&F2E RX|SI0] attention decay K|

« O™ A|E Cross attention AL 1F SAX| A Cross attention AL, O FAFSHES SH= Retention loss A|2F

KOREA Data Mining

UNTVERSITY @B Quality Analytics
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A-STAR

< Missing object =M 5{ Z2%"H2 - Retention loss
- K| EE2| Cross attentionO| @S |X|S}H0] attention decay K|

. O™ A|E Cross attention A5 1 34X} A& Cross attention 4%, O] SAISHEE SH= Retention loss K| Ot

Prompt: “ A bear and a fish ”

_ Z[l _ EL}mln([An]u [Bg{—ol—l] D
'ret EL} [Am]L_,r + [Bt+1]

]

mecC

U-Net t+1 Al

Q Q Q Q e o0
KV | KV KV | KV
bear turtle
At At
KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .\ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

< Missing object =M 5{ Z2%"H2 - Retention loss
- K| EE2| Cross attentionO| @S |X|S}H0] attention decay K|

« O] A Cross attention AL 1t S4XH A Cross attention A%, O] FAISHES S= Retention loss K| QF

Prompt: “ A bear and a fish ”

—_

L= Z[l _ | Zijmin([ATTi [BXE 4] ]
ret i [AT )i + (Bl

mecC

U-Net t+1 Al

a a a A o o0
KV | KV KV | KV
|™ cross attentiond}
of I
bear turtle
A A

KOREA x Datfa Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNTVERSITY @B Quallity Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

< Missing object &X]| ol| A%}*H2 - Retention loss
- N EZ2| Cross attentionO| @S |X|SH attention decay WX

« O] A Cross attention AL 1t S4XH A Cross attention A%, O] FAISHES S= Retention loss K| QF

t+1 A t A

L Z[l Lymin([AT], [Bitali; 1 | 0o
ret — -
i [AT Bt
— U[ t ]L} [ E+1]U
m: S 2y £2
B: Cross attention binary mask
turtle
Bt+1 Bt+1

KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image 08
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.




[l Enhancing Prompt Understanding

A-STAR

< Missing object =X]| 5l{ 242 — Retention loss
- 2N EZ2| Cross attentionO| &S {X|SHH attention decay 2|
« O™ A|E Cross attention AL 1F SAX| A Cross attention AL, O FAFSHES SH= Retention loss A|2F

t+1 A H t A

Eijmjn([Am]L}: [Bf%4lij ] LA
Lret = [1 - E[A'm] [B 1 ] ]
mec gty i’y 0|H A|H cross attentiond}
SYt Yol I
m: §¥ 44 EZ
B: Cross attention binary mask
I P
| |
| |
> X A|E1} O|™ A|H cross attention A ! '
e | I
o 2 HEo WY FE —————— oo .
> cross attention Z2 = = UEE I I
1 |
turtle
Bt+1 Bt+1
KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image 29
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

KOREA

UNIVERSITY

% A-STAR: Test-time Attention SegregaTion And Retention

. Retention Loss: =

Segregation loss

MEZ CjE 4N EZ0| 7

&N

of g Fx °£EE
Overlapping Z| 23}

Data Mining
Quadallity Analytics

-l-

S 4N E

 process, z; will be |
|converted to z{ by |

Segregation Loss A2 CrE X4 EZ0| CHE £20| S T = qoss attention overlap 24|

2| ross attention 4= 7X|St0] attention decay 2|

7 / A cat and a frog

| During each step , Z; i l , Zi—1

of the denoising |

A-STAR.

Zé =y atvzt(l‘seg + Lyet) Retention loss

Lo = TOUCAE . AL L) [Lm = Z ! —loU(Af,.B,S“)]) ______________
p=(catrog)

- ————— -

I
1
t At F "r 3 L
Acac Lrog E Af:at A T . A;rog E E8 4M EE22
s u i | O|F AHu Ze £Eo| A% Fof
. E Bézfu n gi. | £2 cross attention 28 RX|SHES
\ 7

T ——————————————— - ———————

Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

<« HEEL
«  Stable Diffusion®f| A-STAR 28 O F0] 2} H-d =l O|0|X|E H|w

«  ASTAR & A| Missing Object =X 2t}

Stable With Stable With
Diffusion A-STAR Diffusion A-STAR

Prompt: A bear and a turtle Prompt: A cat and a frog

= _ﬂ'i"___:,z

KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

<« 2gant

« A UM E29| doss attention0| & 2| E|ASH, 2 K| EE2 =2 doss attentions A

!

«  Stable Diffusion &2 Attend-and-Excite £CF 253t M &

Stable With With
Diffusion AE A-STAR

Prompt: A bear and a turtle

— ey Method | Animal - Animal Animal - Object Object - Object
Stable [7] 0.76 (-7.9%) 0.78 (-7.7%) 0.77 (-6.5%)
Composable [ 7] 0.69 (-18.9%) 0.77 (-9.1%) 0.76 (-7.9%)
Structure [ ] 0.76 (-7.9%) 0.78 (-7.7%) 0.76 (-7.9%)
Attend-Excite [ '] 0.80 (-2.5%) 0.82 (-2.4%) 0.81 (-1.2%)
A-STAR | 0.82 0.84 0.82

Table 1: Text-text similarities between the text prompts and
BLIP-generated captions over the generated images.

= aptionining
SEE MES UE ZEFE HR

<bear> <turtle> <bear> <turtle> <bear> <turtle>

KOREA x Data Mining Agarwal, Aishwarya, et al. "A-star: Test-time attention segregation and retention for text-to-image
UNIVERSITY .‘ Quality Analytics synthesis." Proceedings of the IEEE/CVF International Conference on Computer Vision. 2023.
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A-STAR

/ A-STAR Test-time Attention \ Linguistic Binding in Diffusion

Segregation and Retertion for Models. Enhanang Attribute
Textto-image Synthesis Correspondence through
Attention Map Alignment

IPS 2023
\ (CCV 2023) / \ (Neur ) /
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[l Enhancing Prompt Understanding

SynGen

% SynGen: Syntax-Guided Generation (NeurlPS 2023)
Motivation: Z{X| 0] &3 =l £d0| £0{ k= A - Attribute binding

+ Ko Y EIE S40| PG FX| 27 BRE Ko IS B

— | o o =2 AT 1 o

Prompt: “ A frog and a Prompt: “ A pink sunflower
brown apple” and a yellow flamingo “

KOREA x Data Mining Rassin, Royi, et al. “Linguistic binding in diffusion models: Enhancing attribute correspondence
UNIVERSITY .‘ Quality Analytics through attention map alignment." Advances in Neural Information Processing Systems 36 (2024).
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SynGen

< Attribute binding 24 22!

+ Crossattenion map S} 2t £1017} 0|0|X| Of= S20| 82 FEX| 2ol 75 (M7HYUSZ Lot YBre)

Prompt: “ A red crown
and a

<A> <red > < crown > < and > <a> < golden > < strawberry

4gE o|ojx|

KOREA Data Mining
U8ERS|TY .ﬁ Quallity Analytics




[l Enhancing Prompt Understanding

SynGen

< Attribute binding 24 22!

+ Crossattenion map S} 2t £1017} 0|0|X| Of= S20| 82 FEX| 2ol 75 (M7HYUSZ Lot YBre)

Prompt: “ A red crown
and a

nu

<A> <red > < crown > < and > <a>

‘\ /

4’gEl o|ofx| Cross attention map

KOREA Data Mining
U8ERS|TY .ﬁ Quallity Analytics
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SynGen

< QAOH = O[5f: Parser
= H A (BAhet SE Ao BAE M8 S A=

+  Pasing 28= HO ZLSE Folior, THo{Zte| 2| £ Tieroto] 28N 189S 0[5

-||:I

«  AUO{H F=5 mfefsty| 2{8l transformer” |2 spaCy parser 28

K==l

A red crown and a golden strawberry

N

< Parserg AtEd =% &4 oiet >

KOREA R Data Mining Matthew Honnibal and Ines Montani. spaCy 2: Natural language understanding with Bloom embeddings,
UNIVERSITY .‘ Quality Analytics convolutional neural networks and incremental parsing. To appear, 2017.




Enhancing Prompt Understanding

SynGen

% SynGen: Syntax-Guided Generation
«  Pogtive loss Z2 MEL| 2|2t 42 O|0|X|L) €2 B2 FekS T E

Negative loss: CH2 M|[E E2E1t= O|0|X|L{ CIE HEo| &S F =

(a) Entity-Modifier Identification

[det | [conj} crown strawberry
det
= == -
A red crown and a golden strawberry red golden

(b) Diffusion Process

SynGen Step Extract cross attention maps

U-Net --+ . crown
red
a
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