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HairDiffusion
Vivid Multi-Colored Hair Editing via Latent Diffusion
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« Previous methods have overlooked the hair color structure.

"ombre hair" means a hair color structure with a gradient transition from top-to-bottom.
"split color hair" exhibits a hair color structure with a left-to-right transition:--
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GAN-based models

1) Difficulty in generating intricate hair color and hairstyle due to the insufficient diversity in the training data’s
multi-color hair distributions;

2) Challenges in preserving the original facial information when editing the latent code after mapping
images into latent space, leading to difficulties in editing images while preserving irrelevant attributes.

Diffusion-based models

1) Lack of tailored masks for hairstyle inpainting, necessitating consideration of hairstyle regions while
preserving irrelevant attributes

2) Difficulty in providing sufficient control for the hair editing task, which requires faithful transfer of hair color
from another image or retaining the original hair color of the image

3) Limitations in text and semantic understanding related to hair color and hairstyle, hinder the precision of
CLIP-guided diffusion processes
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1) We present a warping module designed for hair warping. allowing the alignment of the target
hair mask with precision and enabling comprehensive hair color structure editing through reference images.

2) The MHB method is proposed within LDMs, which enables the decoupling of hair color and hairstyle, thereby
effectively achieving high-quality hair color and hairstyle editing.

3) Through extensive qualitative and quantitative evaluations, we showcase the superior performance of our
method in text-based hairstyle editing, reference image-based hair color editing. and preservation of facial
attributes

4) The application of LDMs to address the challenge of text and image-based hair editing is pioneered
through the intfroduction of hair-agnostic facial representation masks. reframing hair editing as an inpainting
task and representing a novel approach. To the best of our knowledge., this method has not been previously
explored in this domain.
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(b) Hair Color Editing
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Overview of HairDiffusion
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(a) Agnostic Mask in Hair color editing Stage (b) StyleProxy control the hairstyle
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(d)Multi—Stage Hairstyle Blend(MHB)

M,
N e —@{
S

ISl'C

PC

- —

> —

X~ N0, 1) zp z{

UL s Rt e s s

Text Tg Uncond

22 OMme + 20O (1 —me), ift=r7

!/ C m
z, = B(z;, 2 = i
t (2,25 1) { zm, otherwise,



|‘J!

Yo Warping Module -

*‘PROCESSING

#)3°SYSTEMS
Inspired by VITON
: (c) Hair Warping Module Visual Try-On Hair Editing
It
] Warp ‘ \—
> gl
PC
b BiSeNET v{"—
M¢

Hair Color Align Data augmentation

Source

Ran

occlusion distortion extrusion

A6y 6N

tilt stretch inversion

Original Warp Inpainting Blur



i,

Yo Reference Image-Based Hair Color Transfer e A

“%]*k4PROCESSING \¥
#),*SYSTEMS 9

Input Example Ours HairCLIPv2 HairCLIP Barbershop  SYH CtrlHair

MichiGAN FastGN




3o Text-based Hair Color Transfer oo (@

#)¢*SYSTEMS

Input Ours TediGAN Control-SD  PP(Control)  DiffCLIP

white hair

red hair

@]
&

=3

o
2

chignon

bob cut green



“J*k4 PROCESSING
#42*SYSTEMS

\b User StUdy -}:. mig%%mow

Text-Driven Color Transfer Cross-Model
Metrics Ours [34] [33] [36] [17] [40] [44]|Ours [34] [33] [42] [18] [31] [10]|Ours [34] [33]
Accuracy 429 213 132 1.5 1.3 50 148|645 80 47 108 1.8 6.8 3.5|68.3 21.7 10.1
Preservation|24.5 20.5 2.1 1.5 3.3 233 25.1(21.3 20.5 2.8 10.5 16.0 23.8 5.3 [48.5 38.5 13.0
Naturalness [ 27.8 248 6.3 23 0.3 21.5 263|263 7.3 98 3.8 28.3 2.3 22.3(55.3 36.8 8.0
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(a)Text-Driven (b)Color Transfer (c)Cross-Model



S,

Yo Ablation Study

%]*ks PROCESSING
#)¢*SYSTEMS

Source Image Original Image + Hair-Agnostic Mask + Pose Control +Color Proxy(unwarp)  + Warping Module

-
e

bob cut
hairstyle

Original Image




J.I)
LY
& ol

# Ablqtion StUdy E)'..-.TIKI'I\IIi:lé)Flgll;’II_AT|ON “a‘

“%]°¥4 PROCESSING
#)4*SYSTEMS

Source

Original Waperd Patch Match  Bilateral Filter Combine Output
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Model FIDJ, FIDCLIPJ, SSIMT
w/o Warping module.  33.17 12.53 0.62
w/o Bilateral filtering.  20.85 6.02 0.74
w/o PatchMatch. 27.74 8.51 0.70

HairDiffusion 20.83 5.96 0.76
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Model LPIPS| PSNRT FID| FIDepl O
HairCLIP 036 1408 3549 1048 -
HairCLIPv2 0.16 1971 1009  4.08 T
CtrlHair 0.15 1996  8.03 1.25 o
StyleYourHair ~ 0.14 2174 1069 273 §
Barbershop 0.11 21.18  13.37 2.61 Z.
HairFast 0.08 2345 972 097 5
HairDiffusion ~ 0.07  31.66 5.41  0.68 =
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GT Ours HairCLIPv2

blond ringlets

red jewfrd

hairstyle hairstyle
Methods IDSt PSNRT SSIMT
Ours 0.94 33.1 0.95
HairCLIPv2 [34] 0.84 29.5 0.91
HairCLIP [33] 0.45 21.6 0.74
TediGAN [36] 0.16 22.5 0.74

Diff CLIP [17] 0.71 26.8 0.86
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Single Color transfer

Model FID|  FIDcupl
HairCLIP 40.08 10.94
HairCLIPv2 20.21 6.55
CtrlHair 19.65 3.62
Style YourHair - -
Barbershop 20.54 3.89
HairFast 20.17 3.00
HairDiffusion  20.83 5.96
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® We first propose the latent diffusion-based approach for hair editing.

® We introduce the MHB module and hair-agnostic masks., which enable the diffusion model to effectively
control hairstyle and hair color independently while preserving unrelated attributes.

® We employ a warping module for the first time in this task to ensure alignment of hair color, demonstrating
its capability in hair color manipulation and preservation.

® By collecting image-text pairs focused on hair color structure, we further enhance our model’ s ability to
finely control hair color using both text and reference images.
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