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Motivation

• Efficiency limitation due to the too long transition path.

Ø Current diffusion model (High resolution image Random Gaussian Noise)

• Fidelity issue due to the randomness in sampling.
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Proposed Method

Ø Proposed diffusion model (High resolution image Low resolution image)

• Improving efficiency by shifting the residuals between LR-HR image pairs.

• Achieving a better fidelity-realism trade-off.

• Efficiency limitation due to the too long transition path.

• Fidelity issue due to the randomness in sampling.
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Model Design (Forward Process)

Shifting sequence: !" "#$% , !$ → 0, !% → 1

* +, +-, .- = 0 +,; +- + !,3-, 45!,6 , 3- = .- − +-
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Forward
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where 4 is a hyper-parameter controlling the noise variance.
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Model Design (Forward Process)

! "# "$, &$ = ( "#; "$ + +#,$, -.+#/ , ,$ = &$ − "$

Extension to latent space:

! 1# 1$, 2$ = ( 1#; 1$ + +#,$, -.+#/ , ,$ = 2$ − 1$
1$ = Encoder("$) , 2$ = Encoder(&$)
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Model Design (Reverse Optimization)
True posterior:

! "#$% "#, "', (' = * "#$% +#$%
+# "# + -#+# "', .
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Approximation:

72 "#$% "#, (' = * "#$% 12 "#, (', 3 , ./ +#$%+# -#0

Predicting "'



MMLab@NTU, S-Lab for Advanced Intelligence NeurIPS 2023 (Spotlight)

ݖ ଵݖ ଷݖ ݖ ଽݖ ଵଶݖ ଵହݖ

VQGAN

Optional

Residual

VQGAN

Optional

HR Image LR Image

ଵߟٔ ٔ ٔ ٔ ٔ ଷߟٔ ߟ ଽߟ ଵଶߟ ଵହߟ

Reverse

Model Design (Reverse Optimization)

Objective function:
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Model Design (Noise Schedule)

&' = exp 1
2(/ − 1) log

!:
!$

Shifting sequence: !; ;<$: , !$ → 0, !: → 1

t = 2,⋯ , / − 1
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Efficiency Evaluation

(a) LR Image

(j) LDM-15

(k) Ours-15(i) LDM-30

(e) LDM-50

(h) LDM-100

(d) LDM-500

(g) SwinIR

(c) DASR(b) BSRGAN

(f) RealESRGAN
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Evaluation on Real-world Dataset
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Thanks!
https://github.com/zsyOAOA


