AHFAControl

Adaptive Hierarchical Feature Aggregation G

for Controllable Diffusion Models

Optitmal |
Strategy |

b I
J

Zero-initialized

Alignment
Convolution
Control
Blockl m 'I
Control Elastic
Block2 Aggregation
layer
Control
Block3

Block4

Control
Conditioning Image .

Control
Block5

Rui Hou - Sichuan University, China - ICME 2026 & aile


https://gamma.app/?utm_source=made-with-gamma

Packground [ steps
Controllable Diffusion Model (\

Frozen (a) Diffusion Backbone

Noisy Signal

A Trainable
Text Prompt: A photo of a skier

S o
L o
+= T
o
20
S .S
QL\J

SRl g2 (b) Condition Encoder



https://gamma.app/?utm_source=made-with-gamma

KEY INSIGHT 1

Not All Timesteps Are Equal

Frequency Characteristics Across Diffusion Process

High-Frequency Content Level

8 9 10 11 12 13 14 15 16 17 18 9 20
Diffusion Step Index

T=1: still 1.0x Il

> Timestep-adaptive control is essential
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KEY INSIGHT 2

Structural Loss

Conditioning Image . . G c
7 Previous methods: Single-level injection

Control low-level details
Blockl &

Control high-level semantics
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Block5 ® Canwe prevent?

(a) ControlNet's same-level Condition Injection
(e.g., Level 4)
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FRAMEWORK

AHFAControl: System Overview
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CORE INNOVATION

Hierarchical Feature Aggregation

Control Control 4
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(a) ControlNet's C""d{i*i"" It.l*dl"“:"; at a Specified Level (b) Our Hierarchical Feature Aggregation Injection at Level 4
e.g., Leve

(c) Elastic Aggregation Layer
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(d) Capacity Ratio r )
' r € Ratio List:[1.0x,0.75x,0.5x]

CORE INNOVATION

“Elastic” Mechanism &
Capacity Ratio
For Timestep-Adaptation
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Why not manually design “ratio-to-timestep” ?
Strategy FID l
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SEARCH STRATEGY

Finding the Optimal Strategy : Evolutionary Search

(e) Evolutionary Search For Optimal Allocation Strategy
Optimal

, Strategy

Fitness Function
= Image Quality + Control Precision

%
x=
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QUANTITATIVE RESULTS

SOTA Performance Across Benchmarks

Conditional Controllable
Diffusion Models
ControlNet [6]
T2I-Adapter [5]
Uni-ControlNet [21]
ControlNet-XS [8]
CtrLoRA [20]
AHFAControl
GLIGEN (7]
T2I-Adapter [5]
ControlNet [6]
ControlNet++ [9]
FlexControl [15]

COCO2017 (Canny Edge)

ADE20k (Seg. Mask)

AHFAControl
22.65 0.50 10.4%
Best FID Highest mloU GFLOPs Saved

Better quality. Less computation.
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VISUAL RESULTS

Sharper Edges, Cleaner Boundaries

“1girl, table,
shoes,
chopsticks"

Edge Control

"sink, indoors,
faucet,
kettle,

cabinet”

Segmentation Control

A woman is performing a suspension A fitness model poses against
exercise in a gym. a red brick wall.
- —— ’ i

Sink, bcThr‘oom faucet, poﬁed plam‘ A kitchen wit! ) irs and an oven.

| Ve ¥

A cat sitting on top of the desk area. A brown bear in the grass.

Other Types
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Ablation Study

THE EFFECT OF EVOLUTIONARY SEARCH

Allocation Metrics

. Metries |
Strategies FID*| | GFLOPs| | Sampling Time| | mloU7T / HDD]
All r := 1.0x 24.80 13.59 2.7998 045/ 14.54
All 7 := 0.75X 24.32 62.67 2.7603 0.47 / 13.81

All 7 := 0.5 23.63 51.75 2.7294 0.44 7 13.80
24.01 60.49 27448 0.47 / 13.57
Manually-Designed | 25.22 59.94 2.7407 045/ 14.17

After Search 22.65 63.95 2.7692 0.50 / 13.04

THE EFFECT OF HIERARCHICAL FEATURE AGGREGATION

Aggregation yagg"" | Same-Level Features y." | FID*| | mloUT / HDD|
I A B B VAU 55

v < [2695 | 0347143
2480 | 0.45/14.54



https://gamma.app/?utm_source=made-with-gamma

Results of Evolutionary Search
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Thank you! Open for questions.

Email: hou_rui@stu.scu.edu.cn

WeChat: WeChat Official Account:
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