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Abstract

Currently, the rapid development of artificial intelligence technology has brought about substantial ap-
plication demands, and image generation has become an important research direction in the field of
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computer vision. Diffusion models, with their excellent generation performance and stable and con-
trollable training process, have become the mainstream framework for generating high-quality images.
However, diffusion models still face the problem of insufficient detail fidelity, which limits their flexi-
bility and controllability in customized applications. Therefore, how to effectively improve generation
quality and robustness while maintaining model lightweightness has become the core challenge for
efficient adaptation of diffusion models. Addressing the spatial detail blurring and semantic alignment
deviation in general text-to-image generation, this paper designs a detail enhancement architecture
based on multi-position lightweight adapters. This architecture embeds an EBlock adapter at the out-
put of the residual block to enhance local spatial details using depthwise separable convolution; it also
incorporates a DAT adapter after the attention layer output to modulate channel features through low-
rank mapping to improve text-image semantic alignment. Both adapters adopt zero initialization and
progressive activation mechanisms, and combine knowledge distillation to preserve the knowledge of
the original model. This architecture introduces only about 0.35% additional parameters, achieving a
Laplacian variance and FID of 0.032 and 17.8 on the COC02017 dataset, respectively; on the Flickr30k
dataset, the FID further decreases to 16.3, significantly improving the detail quality and semantic con-
sistency of generated images.
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Figure 1. Schematic diagram of Eblock structure
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Figure 2. Schematic diagram of DAT structure
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Figure 3. Network architecture diagram based on multi-location lightweight adapters
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Figure 5. Comparison chart of generation results with different text-to-image models

5. 5ARCE ERAE 4 4SRRI E

DOI: 10.12677/airr.2026.153077 839 N TR S LA NBEA


https://doi.org/10.12677/airr.2026.153077

ey

4.3. EELW

AT VPSS B LR 8 FH SO AR TS B RITERE, FRATTTE COCO2017 Hdi4E bt prae /it 5 HAth )
T UNet 225 BOBRLBT 1o S ILE . AR AEX L, ¥ SDXL AR im0 e R 48— PR i
£ 512 x 512 JaiH A TR AR .

W% 1 fion, AJ5ETE Laplacian Variance. Entropy & FID = IS¢ 45 b8 L0 FxF LR, i
WAV INE R R FE R SEERESERURE. FlEMSEEMNZ, 1€ FID fats b, &
BRI OTEAM R F R T AR SD1.5, S LRSS R H L T S HONRIE R SDXL, Wik [ 451
A T T SRS E S HU00R 5 A BT P AT 5 TH G 2 . 76 Bdge Density $845 F, AXJ57%EL 0.0679 BEAK T
SDXL {17 0.075, iX /Mt SDXL X Fh B K HIUA S AU A5 B 7E %1 1) 53 450 B0 45 M 5 T A o SR, A7
1LAE Laplacian Variance 545 1L 0.032 B2 LT SDXL [IFEFR 0.030, 2% W7ESCHE 500 405 1 A= il b
R GO IR, ARJTIELERE S SDXL H 24 KL S 454 5 2% B i[RI, lad 58 F 5 1w
AMZH 5 2215 (Laplacian Variance) Fl S 14 J5 8k i B (FID),  SEEL 1 3R A= Bl i = (152 7t -

(EASTERIE, AT I ERIA SDL.S, A7 VAL AT A VPl 8 A% L 35 U5 42 [ 4915 : Laplacian Variance
$2T1 28.0%, Edge Density $#27 3.0%, Entropy $27 0.4%, FID B&fK 15.6%. X —45 RIS UAE T 2L E
2 B A T T 25 SRR TE ST Y 9 5 08 SR L (R A RO AT, Ay SO RS (0 1 B ER B AL T B R %
%o

Table 1. Comparison of relevant indicators with different text-to-image models

® 1. SARICE ERE AR R FRRTEE

Model Laplacian Variance Edge Density Entropy FID
SD1.4 0.022 0.050 7.50 25.0
SD1.5 0.025 0.066 7.58 21.1
SDXL 0.030 0.075 7.60 18.0
OURS 0.032 0.068 7.61 17.8
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T R COC02017 (VLERH M H H 1A 8 E) 5 FLICKR30k (NE AW 537548 H). Wk 2
Fian, AINEEMRISEEESE BRI R T Riske 54 R R & .

Table 2. Comparison of model metrics across different datasets

2. NEHEE THREEIRRT L

Dataset Laplacian Variance Edge Density Entropy FID
COCO02017 0.032 0.068 7.61 17.8
FLICKR30k 0.031 0.068 7.55 16.3

fE COC02017 ¥idide b, #AYHEIS T 1E Laplacian Variance. Edge Density 5 Entropy iX JLM 85 L
Sy AR T 0.032, 0.068 F1 7.61 IR RN, RUIHAEL AR BRI S Re8 A4 il =F & 205U A s .
WESE T AIVEAE R RS L — SRR, A R 1 A BRI ot &
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(0.031)5 Edge Density (0.068)F545-5 COCO2017 frR¥FAHIT, RGN AL RE /) BA 5 HR AL AR e 1
Entropy fEFRIEFE 2 7.55, X5 A3t AR FUE R B R RR A A5 & T FID 4845 2 FEIKE 16.3,
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Table 3. Comparison of indicators between Eblock and DAT
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Figure 6. The influence of Eblock and DAT on the generated results
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Figure 7. Comparison chart of generation results with different text-to-image models
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