GARDY ORCA - Online Research @
CARDY® Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/163984/

This is the author’s version of a work that was submitted to / accepted for publication.
Citation for final published version:

Zhao, Huihuang, Zhang, Lin, Rosin, Paul L. , Lai, Yu-Kun and Wang, Yaonan 2024. HairManip: High
quality hair manipulation via hair element disentangling. Pattern Recognition 147, 110132.
10.1016/j.patcog.2023.110132
Publishers page: http://dx.doi.org/10.1016/j.patcog.2023.110132
Please note:

Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may

not be reflected in this version. For the definitive version of this publication, please refer to the published
source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made
available in ORCA are retained by the copyright holders.




HairManip: High Quality Hair Manipulation via Hair
Element Disentangling

Huihuang Zhao®"* Lin Zhang®, Paul L. Rosin®, Yu-Kun Lai®, Yaonan
Wang?

@ National Engineering Laboratory for Robot Visual Perception and Control Technology,
Hunan University, China
bSchool of Computer Science and Technology, Hengyang Normal
University, 421002, China
¢School of Computer Science € Informatics, Cardiff University, UK

Abstract

Hair editing is challenging due to the complexity and variety of hair mate-
rials and shapes. Existing methods employ reference images or user-painted
masks to edit hair and have achieved promising results. However, discrep-
ancies in color and shape between the source and target hair can occasion-
ally result in unrealistic results. Therefore, we propose a new hair edit-
ing method named HairManip, which decouples the hair information from
the input source image into shape and color components. We then train
hairstyle and hair color editing sub-networks to handle this complex infor-
mation independently. To further enhance editing efficiency and accuracy,
we introduce a latent code preprocessing module that effectively extracts
meaningful features from hair regions, thereby improving the model’s editing
capabilities. The experimental results demonstrate that our method achieves
significant results in editing accuracy and authenticity, thanks to the care-
fully designed network structure and loss functions. Code can be found at
https://github.com/Z1in0530 /HairManip.
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1. Introduction

Hair is composed of a large number of soft and fine strands. It is precisely
because of the flexibility and malleability of these strands that individual hair
exhibits a wide range of shapes and colors. This complexity poses significant
challenges to hair editing, which has attracted considerable attention and
research from numerous scholars [1, 2, 3]. In practical applications, hair
processing tasks also have a wide range of applications and practical value,
such as in the production of animated movies, short video creation, game
design, virtual reality, and more [4, 5].

In recent years, the development of computer vision [6, 7, 8] and dataset
distillation [9, 10] has opened up endless possibilities for generative mod-
els [11, 12]. Generative adversarial networks (GANs) [13], as the foremost
image generation method, have significantly improved the quality and reso-
lution of generated images through its development. DCGAN [14] applied
convolutional techniques to GANs, greatly enhancing the realism of gener-
ated images. StyleGAN [15, 16] made it possible to generate high-resolution
face images by implementing layered control over the latent code. StyleGAN-
based methods [17, 18, 19] generate high-fidelity face images by predicting
edit directions in latent space. Recent emerging diffusion models [20, 21]
have unique advantages in generative modeling. They generate realistic im-
ages by learning to progressively increase information decay caused by noise
and subsequently eliminate noise using learned patterns.

Hair editing mainly involves transferring the hairstyle of a reference image
onto a source image. In recent years, many deep learning techniques have
been applied using generative adversarial networks (GANs) to study hair
editing tasks [1, 2, 4, 22]. Some approaches use “user-painted” sketches [2, 23]
or masks [22, 24] as inputs to the corresponding networks for hair editing.
CtrlHair [1] not only allows manipulation of hair through reference photos
and masks but also enables editing of hair by simply sliding a set of control
bars. The emergence of the CLIP model [25] links the text and image domains
and it supports a range of related work on text-based hair editing methods [3,
17, 26, 27, 28]. StyleCLIP-LM [17] infers text-guided image editing direction
by a trained latent mapper, which in turn enables face attribute editing
including hair editing. In order to provide users with a more user-friendly
and intuitive hair editing interaction, Wei et al. proposed the HairCLIP [3]
method, which unifies text and images in the same domain and designs a
modulation module to achieve hair editing using a combination of text and



Fig.1. Our single framework supports hairstyle and hair color editing individually or
jointly, and conditional inputs can come from either image or text domain.

images. StyleMC [26] provides an efficient solution to the hair editing task
requiring only a few seconds to find a stable global orientation for text editing,
and then using the found orientation to manipulate the image. FFCLIP [27]
designs an automatic latent mapping, allowing the model to edit hair based
on free-form text prompts. DeltaEdit [28] introduces text and image Delta
spaces, where a Delta Mapper is trained to learn changes between image
features. During the inference phase, it predicts editing directions based
on changes in text features, enabling text-driven image editing without the
need for text during training (text-free). However, despite these methods
achieving hair editing tasks in various forms and delivering some impressive
results, the diversity and flexibility in hair texture, shape, and color have led
to less than ideal manipulation outcomes. For example, during the process of
hair editing, some generated hairstyles may not fit well with the source image,
and the color transformation may not meet the expected color requirements.
As a result, the hair transfer outcomes may lack accuracy and realism.

We believe that the key to addressing the aforementioned issues lies in
decoupling the complex hair information into shape and color attributes, and
designing separate hair editing networks to handle these attributes discretely.
Our work is inspired by StyleCLIP [17], which can divide facial attributes
into different levels based on semantic information. However, we have found
that it does not effectively disentangle hair elements and does not capture
the finer-grained features of the hair part well. Therefore, it is challenging
but desired to explore how to effectively decouple hair features and tailor a
corresponding hair editing network to achieve precise and meticulous editing
of complex hair information.

To achieve this goal, we propose a new hair editing framework named
HairManip. Specifically, to better decouple hair information, we have de-



signed a new latent code pre-processing module that can further extract rel-
evant features of the hair from the latent code. Then, the hair is separated
into shape and color based on semantic levels. And based on the hierarchical
division of facial attributes in StyleCLIP, we further divide the hair infor-
mation into four categories: coarse, medium, fine, and extra fine. Based on
our experience, coarse and medium-level semantic information corresponds
to hairstyle attributes, while fine and extra fine-level semantic information
corresponds to hair color attributes. The purpose of this decoupling of hair
is to enable more precise and detailed editing of the hair. Additionally, to
achieve direct and effective manipulation of hairstyle and hair color, we sep-
arately train corresponding hairstyle and hair color editing sub-networks.
We also introduce new loss functions to constrain the entire model, enabling
more fine-grained and better decoupling editing of the hair.

We conducted quantitative and qualitative experiments, as well as exten-
sive ablation experiments. The experimental results show that our method
outperforms existing methods in terms of editing accuracy, visual aesthetics
of hair editing results, and realism. Fig.1 displays the specific results of some
hairstyle manipulations.

Overall, our contributions can be divided into the following three aspects:

(1) We achieve the disentangled editing of hairstyle and hair color by de-
coupling the hair attributes, including shape and color. Furthermore, we have
designed a latent code pre-processing module that performs pre-processing
on the latent code of the source image. This preprocessing enhances its fo-
cus on the hair region’s characteristics and untangles the hair information,
separating it into shape and color attributes.

(2) To achieve precise and detailed control over the discrete hairstyle and
hair color information, we propose an innovative hair editing network. This
network consists of a pair of twin sub-networks, each responsible for handling
the hairstyle and hair color information, respectively. First, we encode the
hair information of the editing conditions into features. Then, we map them
to the feature space of the source image. Finally, we predict the changes in the
latent code based on the input conditions. This approach enables accurate
hair transfer while ensuring high-quality and realistic editing results.

(3) Our goal is to achieve high-quality hair editing, and to accomplish this,
we have introduced smooth L1 loss and cosine similarity loss to effectively
constrain the hair editing network. This allows our model to better handle
hair editing tasks and improves the quality of generated images.



2. Related Work

2.1. Generative adversarial networks

Generative Adversarial Networks (GANs) are a type of deep learning
model based on game theory, proposed by Goodfellow et al [13]. It has
achieved good results in fields such as image generation [29, 30, 31, 32, 33] and
image style transfer [34, 35]. Over time, the images generated by GANs have
become increasingly realistic, but one of its main challenges is controlling
its output, e.g., changing specific attributes in facial images, such as pose,
facial shape, and hairstyle, etc. StyleGAN [15, 16] has provided a feasible
solution for this problem as a cutting edge technique in image synthesis.
More specifically, in StyleGAN, the input noise vector Z of 512 dimensions is
passed through 8 fully connected layers to map it into a latent space vector
w also of 512 dimensions. The latent code w is then fed into the generator
network GG, which employs hierarchical controls to achieve editing of different
granularity facial attributes. Therefore, many methods rely on StyleGAN to
perform image editing tasks [17, 36, 37]. However, StyleGAN is characterized
as an unsupervised approach, which makes it difficult to achieve controlled
facial image synthesis effects. Therefore, inspired by HairCLIP [3], this paper
designs a high-quality hair editing network that supports text and images
as input for manipulating hair based on StyleGAN and leveraging CLIP’s
powerful cross-modal text-image representation capability [25].

2.2. Text-based hair manipulation methods

In recent years, research on manipulating images through text has re-
ceived widespread attention and significant progress has been made [25, 28,
38, 27, 39, 40]. As there is currently no dedicated method for using text to
edit hair, text-based hair editing methods mainly rely on text-guided image
processing methods to achieve their goals [17, 28, 27, 40]. The optimiza-
tion strategy of TediGAN [40] using fragment similarity loss requires a large
amount of training data to learn the features; otherwise, it may lead to the
target image’s hairstyle being poorly adapted to the source image. Each text
in StyleCLIP [17] is associated with a separately trained mapper, which en-
sures more precise generated results. However, this method is not flexible and
highly time-consuming. To address the above-mentioned issues, FFCLIP [27]
leverages the latent space of StyleGAN [15, 16] and the text embedding space
of CLIP [25] to propose a Free-Form CLIP (FFCLIP) method. This method



unifies text prompts into a single model, eliminating the need to train addi-
tional models for each text prompt, greatly improving the model efficiency.
However, FFCLIP sometimes fails to handle the details of images satisfacto-
rily. Lyu et al. introduced a new text-driven framework called DeltaEdit [28].
In DeltaEdit, the Delta in both the image and text spaces has a good align-
ment distribution between the visual feature differences of CLIP images and
the embedding differences of CLIP texts. Based on the CLIP delta space,
DeltaEdit can be trained and inferred in a zero-shot manner, greatly reducing
the cost of training.

2.3. Image-based hair manipulation methods

Hair, as an important component of facial image attributes, has been
widely studied and investigated by scholars [1, 2, 4, 3, 18, 22, 41]. The Loho
method [22] mainly performs two optimizations in the noise space of Style-
GAN2 to complete the hairstyle transfer of a given reference image. However,
the resulting images generated by this method may have significant artifacts.
Michigan [2] and Barbershop [4] utilize binary masks to represent the three
attributes of shape, structure, and appearance in the hair region. They edit
and process the masks of the reference image and source image, merging their
features to achieve hair transfer tasks. However, generating various masks for
different attributes and performing calculations and processing for each mask
is resource-intensive and time-consuming. CtrlHair [1] and HairCLIP [3] pro-
vide users with friendly hair editing interfaces and can generate high-quality
hair transfer images. CtrlHair [1] proposes a generative adversarial network
with a decoupled multi-dimensional Gaussian distribution, which allows users
to complete hair editing tasks by referring to reference images, masks, or a
set of sliders. HairCLIP [3] maps text and image information together into
a unified multimodal vector space, and edits hair based on both text and
image information. However, CtrlHair and HairCLIP may sometimes lose
the detailed information of hair attributes, making it impossible to achieve
a perfect transformation of hair details. Different from Michigan [2] and
Barbershop [4] who used masks to divide the hair attributes, we divide the
latent code w into four hierarchical levels. Coars and medium level features
correspond to the hairstyle features, and fine and extra fine level features cor-
respond to the hair colour features, and specially design the corresponding
editing network for each level, aiming at editing the hairstyle and hair colour
attributes more efficiently and flexibly, which makes the generated images
more accurate and natural.



3. Method

3.1. Overview

Given the input source image I and the reference conditions of hairstyle
and hair color, our HairManip method attempts to perform precise and effec-
tive editing on the hair region of the input source image. The specific editing
process is summarized as follows:

E(w, Ts, Tc) = (Sc(w07 Ts): Sm(wma Ts)a Cf (wf, Tc)a C:cf (wxf7 7“c))a (]-)

where latent code w is the input source image parsed by StyleGAN inversion
method “ede” [42], and w,, w,,, wy; and w,s denote the features of differ-
ent layers of latent code w, respectively. The variables r, and r. represent
the editing conditions for hairstyle and hair color, respectively. These con-
ditions are generated by the image and text encoders of CLIP [25], from
the input text or image-based hairstyle and hair color reference conditions.
re € {r,rt 0},r. € {r’,7%,0}. Here, the superscript ¢t and i refer to reference
conditions from text and images respectively, and 0 means no constraint is
provided. The entire hair editing network, denoted as F, is composed of two
subnetworks: the hairstyle editing subnetwork S € {S,,S,,} (where ¢ and
m refer to coarse and medium levels) and the hair color editing subnetwork
C € {Cf,Cy} (where f and xf refer to fine and extra fine levels), which
respectively handle different dimensions of the latent code w. The purpose of
this design is to train a more sophisticated network that achieves precise and
detailed control over complex and diverse hairstyles and hair colors, making
them more visually appealing.

As mentioned above, the hairstyle and hair color editing conditions 7, €
{rt,ri,0} and r. € {r,r’ 0} can come from either text or images, or be
manipulated jointly by both. And when r. = 0, only the hairstyle is edited,
and when r, = 0, only the hair color is edited. This provides users with a
simple, user-friendly, and efficient way to interact.

The main purpose of hair editing is to edit the hairstyle and hair color.
However, due to the complexity and diversity of hairstyles and hair colors,
hair editing tasks are challenging. Therefore, we propose a GAN-based high-
quality hair editing method (HairManip) as shown in Fig.2, which aims to
tackle the challenging task of hair editing due to the complexity and diversity
of hairstyles and hair colors. The method consists of three parts: an encoding
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Fig.2. Overview of the HairManip framework. HairManip consists of three main com-
ponents: an encoding module, a hair editing network, and a decoding module. The input
source image and editing conditions are passed through the encoding module to obtain
the corresponding latent code, hairstyle editing information r,, and hair color editing in-
formation r.. The hair editing network is used to predict the corresponding changes in
hairstyle and hair color. Finally, the decoding module outputs the edited result image.

module, a hair editing network, and a decoding module. These three modules
will be explained in detail below.

The training algorithm for the HairManip framework is shown in Algo-
rithm 1.

3.2. Framework

In daily life, some people are very concerned about their hairstyle. A
good hairstyle can give others a different feeling. When getting a haircut,
most users express their hairstyle and hair color requirements to hairdressers
through images or interactive descriptions. In order to allow users to express
their hair color and style preferences clearly and accurately, we follow the
principle of HairCLIP and use the excellent performance of StyleGAN in
image processing and editing, as well as the powerful text/image mapping
ability of CLIP, to encode the text and image into a 512-dimensional editing
condition embedded in the CLIP latent space of text and image. The purpose
of embedding the editing conditions into the latent space is to unify the
textual and visual forms of editing conditions under one framework, and
enable joint editing of hair based on both text and images.



Algorithm 1 Training Algorithm of HairManip.

Required: input source image I; image-based editing conditions P; text-
based editing conditions T'; StyleGAN inversion encoder Eg;; CLIP en-
coder Fcrrp; hairstyle information ry; hair color information r.; hairstyle
editor network S. and S,,; hair colour editor network C, Cy.

latent code w = Egr(1);

sy, Te = ECLIP(P,T)§

w' = pre-processing module(w);

optimizer.zero_grad();

Aw = <Sc(wc,rs),Sm(wm,rs),Cf(wf,rc),C’xf <wwf,7’c)> :
repeat 5 times:
x = linear layer(w');
x’ = manipulation modules(z, rg, r.);
x” = attention(z2');
w' = elu(z”);
Aw = Aw +w';
w* = Aw + w;
130 mingess = 108Seqt(W*, T) + 108Simage(W*, P) 4+ l0ss,p(w*, w);
14:  loss.backward();
15:  optimizer.step();
Output: Hair editing network HairManip model.

— = = O
N

Encoding Module. The purpose of the encoding module is mainly to
encode the input source image into its corresponding latent code w through
the StyleGAN Inversion method ede [42]. After obtaining the latent code, it is
fed into the latent code pre-processing module to extract relevant information
related to the hair. As shown in Fig.3, the latent code pre-processing module
follows a simple design, consisting of blocks composed of four linear layers
and activation functions. Then, based on the semantic level division of latent
code in StyleGAN, latent code is further divided into four parts (coarse,
medium, fine, and extra fine), corresponding to we, w,, wy and w,r in Eq.
(1). The input hairstyle and hair color editing conditions are embedded in
a CLIP latent space of text and image through a text and image encoder
Ecrrp, including the image-based encoder Ex; and text-based encoder Ecor.

The hairstyle editing condition r, € {r%,r?, 0} and the hair color condition

sr" 8

r. € {rl,ri,0} can come from text, image, or no input. In mathematical
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Fig.3. Details of the latent code pre-processing module. The role of the latent code pre-
processing module is to further extract features from the source image. It mainly consists
of four stacked linear layers and activation functions.

terms, it follows the following formula:

w = Eg;(I);rl,rt = Ecr(P);rh, rl = Ecp(T), (2)
where Egr, Ecr and Eor represent the StyleGAN inversion encoder, CLIP
image encoder, and CLIP text encoder, respectively. The variables I, T" and
P represent the source image, input text/image reference conditions 7'/ P,
respectively. The latent code w € R

Hair Editing Network. In order to achieve more precise and detailed hair
editing, our hair editing network F is mainly composed of hairstyle editing
sub-network S € {S., S,,} and hair color editing sub-network C' € {C}, C,f}.
The key code of hair editing algorithm is shown in Algorithm 2.

Each sub-network of the hair editing network is composed of two parts
that handle latent codes at different semantic levels. Each part consists of
5 modules, including a linear layer, a manipulation module, a multi-head
attention, and a non-linear activation layer (ELU). The multi-head attention
mechanism aims to enable the model to capture more diverse hair feature

10



Algorithm 2 Key Code of Hair Editing Algorithm.

Required: pre-processed latent code w'; hair editing network E; Hair
editing information r; Processed editorial information f,(r), fz(r); latent
code variation Aw, initialized to 0.

1:  pre-processed latent code w' = w,. + Wy, + Wy + Wy p;
2:  hair editing network E = S(S,, S,,) + C(Cy, Cyy);
3: for E, xin (S¢, Sm, Cr, Crf), (Wey Wi, W, W)

4 Aw = E(z):

5: repeat 5 times:

6: x = linear layer(x);

7 2’ = manipulation module(z,r):

8 r1 = linear layer(r);

9: ry = layer norm(ry);

10: r3 = leaky relu(ry);

11: f+(7), f3(r) = linear layer(r3);

12: z' = norm(x) x (1 + f,y(r)> + fa(r);
13: x’ = attention(');

14: r=elu(z’);

15: Aw = Aw + x;

Output Aw.

information, and the role of the manipulation module is to predict informa-
tion about the latent code w in the direction of the editing condition. The
specific implementation process is as follows:

o = (L () (= o) fos 4 (), 3)

where z is an intermediate variable obtained from the latent code w through
the linear layer in the hair editing network, and 2’ is & computed through
the manipulation module. p, and o, are the mean and standard deviation
of z, respectively, f,(r) and fz(r) are calculated through two linear layers, a
normalization layer, and a leaky ReLLU activation layer. The specific imple-
mentation process is shown in Fig.4.

Decoding Module. The role of the decoding module is to feed the edited
latent code w* into the pre-trained StyleGAN generator G, to generate the

11
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Fig.4. Architecture of Hair Editing Network. The Hair Editing Network consists of
two parts: a hairstyle editing sub-network and a hair color editing sub-network, which
respectively handle hair editing information and latent code fragments at different semantic
levels. Each hair editing sub-network is composed of 5 simple blocks, each of which includes
a linear layer (Linear), a manipulation module, a multi-head attention, and an activation

layer (ELU).

edited result image, as shown below.
0 =G(w+ Aw), (4)

where G represents the StyleGAN generator, E € {5, C'} represents the hair
editing network, and Aw = E(w,rs,1.) represents the editing vector the
measures the change in the latent code w.

3.3. Loss Functions

Given an input image, HairManip aims to manipulate the hair based on
the text and image provided by the user. To achieve this, we define relevant
text editing and image editing losses. In addition, to make the hair editing
results more visually appealing, we define a non-hair region preservation

12



loss to ensure that information in non-hair regions (such as background and
identity) is well-preserved while editing the hair regions. In summary, we use
three types of losses to train our hair editing network, all the weight values
of the losses in the experiments are continuously updated iteratively based
on the model’s performance and training objectives. Our complete objective
function is as follows:

E == )\tﬁt + )\zﬁz + )\rp['rp, (5)

where L, represents the text editing loss, £; represents the image editing loss,
and L,, represents the region preservation loss. According to test analysis, it
was found that setting A\;, \; and A, to 2, 1, and 1 respectively yielded the
best model performance, consistent with the results obtained in HairCLIP.
In the following sections, we will provide detailed descriptions of these loss
functions.

Text Edit Loss. The text editing loss consists of two parts: hairstyle text
editing loss and hair color text editing loss, as follows:

Ly = NstLst + At Lo, (6)

where Ly and L. represent the hairstyle text editing loss and the hair color
text editing loss, respectively. Ay and A\, are the weights assigned to their
respective losses, both with a default value of 1. Note that if there is no need
to use text editing hairstyles or text editing hair colors, their corresponding
loss weights Ay and A, will be set to 0. We use CLIP to measure the
cosine distance between the resulting hair-edited image and the text prompts
(hairstyle text prompt and hair color text prompt) in the latent space:

Ly =1-—cos (EOI (G(w + E(w,ri,rc>>>,r§,>, (7)
Ly =1—cos <E01<G<w+E(w,rs,ri,>>>,7“z>, (8)

where F represents the hair editing network, G (w—l—E (w rt rc)> and G (w—i—

E (w, Ts, Tﬁ)) respectively represent the resulting images generated by editing
the hairstyle through image and text, E¢ is the image encoder of CLIP, and
cos () represents cosine similarity.

Image Edit Loss. As with the text editing loss, the image editing loss

consists of two parts: hairstyle image editing loss and hair color image editing

13



loss, represented as:

Li = AsiLlsi + NeiLlei, 9)

where )y and \; are the weights of hairstyle image editing loss and hair color
image editing loss respectively, with values of 5 and 0.02 for L; and L. If
there is no need to use image editing hairstyles or image editing hair colors,
their corresponding loss weights L,; and L.; will be set to 0. In addition, to
better measure the similarity between two hairstyles, we take the masks of
the hair regions in both images, and then encode them into the latent space
of CLIP using the image encoder of CLIP, to measure the degree of match
between them:

Ly=1— cos (ECI <xE % P, (xE)) Eor(x+ Ph(x))), (10)

where xg = G (w+ E (w,r!,r.)) represents the result image generated by

the image-based hairstyle editing information ri = F¢y (x * P,(x)) and hair

color editing information 7. € {rf,r’ 0}. x represents the reference hairstyle

c? c)
image. P is a pre-trained facial parsing network [43], and P, (XE) denotes
the mask of the hair region generated from the result image xz. However,
for the image hair color loss, we calculate the mean color difference between

the hair region of the color reference image and the result image:
L. = |lavg (XE*Ph(XE)) —avg(x*Ph(X))Hl, (11)

where xgp = G (w + K (w, Ts, ré)) represents the resulting image generated
by editing the hair color information in image form based on the hair color
editing information r! = Egy (x+P,(x)) and hairstyle editing information
re € {rt,rl 0}. x represents the reference image for hair color.

Region Preservation Loss. When editing hair, to ensure that non-hair
areas such as identity information and background information remain un-

changed, we define a region preservation loss as follows:

Erp :/\idﬁid + Abgﬁbg + )\normﬁnorm + )\slﬁsl

12
+ Asimﬁsim + As_mcﬁs_mca ( )

where L4, Log, Lrorm, Lsi, Lsim and L, represent identity loss, background
loss, L2 norm, smooth L1 loss, cosine similarity loss and the loss to preserve
hair color during hairstyle editing when editing hair. As different losses
impose varying levels of constraint and importance on the model, appropriate

14



loss weights can indeed enhance the model’s performance. Based on empirical
evidence and validation, it has been found that setting the corresponding loss
weights Aig, Avg, Anorm, Asty; Asim and As_pe to 0.3, 1, 0.8, 0.8, 0.4, and 0.02
respectively yields the best model performance. The following will provide a
detailed introduction to these losses:

L;q = 1-cos (R(G(w—l—E(w,’rs,'rC))),R(G(w))), (13)

where G <w + E (w, Ts, Tc>) represents the resulting image generated by the

source image and the editing condition passed through the hair editing net-
work E. R is the ArcFace [44] network used to extract facial information,
while G(w) is the image of the source generated by the StyleGAN gener-
ator G. In addition, to preserve the background information as much as
possible, we followed the principle of HairCLIP to design the corresponding
background loss:

Ly = [[(xp = %w) * (Pan(x5) 0 P (x,,)) |2, (14)

where x,, = G(w), P represents the facial parsing network [43], and P, (xp)
represents the mask of non-hair areas for xp.

To preserve the visual attributes of the input source image, we minimize
the L2 norm of the manipulation steps in the latent space:

Loorm = HE(w,rs,rc)HZ. (15)

Furthermore, we also adopted the smooth L1 loss and cosine similarity
loss to make the generated result image visually more realistic and consistent
with human perception. It follows the following mathematical formulas:

Ly = smoothr,(w,w + Aw), (16)
Lgim =1 —cos(w + E(w,rs,7.),w). (17)

To improve the flexibility of the model in editing hair, we introduced a
loss L e that keeps hair color unchanged when editing hairstyles. The
principle of this loss is the same as the hair color image loss L,;.

Ly me = |lavg (xp * Py (xp)) — avg (Xu * Py (X4)) [|1, (18)

where xp = G(w + E(w,rs, O)), rs € {rt,r'} and x,, is the reconstructed

s$) ' s

real image of the source image by the StyleGAN generator G.
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4. Experiments

4.1. Implementation Details

In this section, we used the high-quality CelebA-HQ dataset as the train-
ing set for the HairManip hair editing network to train and evaluate the
model. The CelebA-HQ dataset is an upgraded version of the CelebA face
dataset, consisting of over 30,000 high-resolution (1024x1024) face images
and related attribute labels. For the text editing conditions, we followed the
previous work of HairCLIP [3] and used 44 hairstyle text descriptions and 12
hair color text descriptions as our text editing conditions.

During the training phase, we followed the data partition of CelebA-
HQ dataset as done by ede and divided it into training and test sets. We
trained and tested the HairManip hair editing network on a computer with
an RTX3090 GPU. For the training parameters, we set the learning rate to
0.0005, batch size to 1, and used the Adam [45] optimizer with /5, and /3, set
to 0.9 and 0.999, respectively. The best experimental results were obtained
after 50k iterations of training. During the training process, the hair editing
network trains the hairstyle and hair color editing networks based on different
forms of random inputs for editing conditions, including text and images.
Additionally, in order to better evaluate the HairManip model, we tested the
model’s running efficiency and the quality metrics PSNR and SSIM of the
generated results. We also invited 50 volunteers to evaluate and score the
accuracy and authenticity of the results generated by different methods.

4.2. Quantitative and Qualitative Comparison

Since our method uses text and image-based editing conditions for precise
hair editing, we will compare and analyze it with methods that generate
images driven by text and hair editing methods, respectively, in order to
verify the effectiveness of our network framework and carefully designed loss
functions.

Comparison with text-driven image generation methods. To vali-
date the effectiveness of our method in text-based hair editing, we set up ten
text editing conditions (including text-based hair color editing, text-based
hairstyle editing, and text-based hairstyle and hair color editing) and com-
pared them with existing text-driven image methods such as StyleCLIP [17],
TediGAN[40], HairCLIP [3] and DeltaEdit [28]. Fig.5 shows the correspond-
ing comparison results. (Due to FFCLIP [27] not releasing a pre-trained
model, we do not compare our method with FFCLIP here). The images
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Fig.5. HairManip compares with the latest methods in visualizing hair editing through
text. The text descriptions are displayed on the far left, including text editing for hair
color, text editing for hairstyle, and text editing for both hairstyle and color.
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generated by StyleCLIP and TediGAN were obtained based on their official
parameter optimization strategies. The manipulation strength of StyleCLIP
was set to 4.1 by default, while the loss-weight-clip of TediGAN was set to
0.1 and the number of iterations was set to 200.

As we can see from Fig.5, StyleCLIP trained a separate mapper for each
text editing condition, which enhances its ability to manipulate hairstyles.
As a result, StyleCLIP can generate reasonably accurate results for certain
hair editing tasks. However, it is important to note that excessive manip-
ulation can affect the realism of the image (as seen in the example of the
fauxhawk hairstyle), which is consistent with the findings presented in the
HairCLIP paper. TediGAN’s generated images are not ideal for all given
editing conditions. This is because TediGAN’s optimization strategy using
the fragment similarity loss requires sufficient training data to learn features,
otherwise, the matching results may be inaccurate. The results generated by
HairCLIP show noticeable white spots in the images. DeltaEdit suffers from
significant identity loss in the edited images. It is worth noting that Style-
CLIP, TediGAN, and DeltaEdit have not delivered satisfactory results in hair
color transformation tasks. This is because these three methods are designed
to handle multiple tasks and were not specifically designed for hair editing.
They also lack specialized network structures to deal with the complexity of
hair information. Furthermore, the intricate shapes and appearances of hair,
leading to semantic diversity, make it challenging to apply the aforemen-
tioned facial editing methods to hair editing with semantic variations. For
example, the DeltaEdit method trains a Delta Mapper to learn the mapping
from changes in image features to changes in style space and uses text feature
changes to achieve various facial attribute edits. However, it does not have
dedicated modules to handle these features, which can result in the loss or
difficulty in learning some feature information when mapping image features
to the style space. By sharing the editing conditions in the latent space of
textual and image inputs, our method is able to train multiple hair editing
conditions effectively. Furthermore, through the latent code pre-processing
module, we extract useful learned features, which contribute to more precise
generation of the resulting images. At the same time, we separate hairstyle
and hair color information and feed them separately into carefully designed
hairstyle and hair color editing sub-networks, aiming to achieve more detailed
and precise manipulation of the hair. In addition, we added a new smooth
L1 loss function and cosine similarity loss function optimization strategy to
make the generated hair editing results more realistic and visually appealing.
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Table 1
Comparison of the realism and efficiency of our method with current methods in generating
result images. Higher PSNR and SSIM scores are better.

Ours StyleCLIP TediGAN HairCLIP DeltaEdit
PSNR 28.6 23.2 24.1 27.8 26.96
SSIM 0.94 0.87 0.79 0.92 0.89
Time Consuming | 4.1s 99s 240s 3.3s 7.7s

This will be more evident in the ablation experiment.

In addition, we evaluated the quality of the generated images by using
a randomly selected set of 11,000 images from the CelebA-H(Q dataset as
reference images. We employed the PSNR and SSIM metrics to assess the
preservation of background and identity information in the generated images.
We also compared the efficiency of our method with five other approaches,
and the detailed experimental results are presented in Table 1. From Table
1, it can be observed that our method outperforms the other methods.
Comparison with hair editing methods. In order to further validate
the effectiveness of our method, we compared the HairManip method with
the state-of-the-art hair editing methods, Barbershop [4], HairCLIP [3] and
CtrlHair [1]. The specific comparison results are shown in Fig.6. From the
figure, it can be seen that the Barbershop method heavily relies on whether
the pose of the source image and the hairstyle reference image are consistent.
When the pose difference between the source image and the hairstyle refer-
ence image is small, the hairstyle can be successfully transferred, as shown
in the second row of the results. However, when the pose difference is large,
the hairstyle generated by Barbershop cannot well transfer the hairstyle of
the reference image. HairCLIP is able to transfer hairstyles successfully even
when the poses of source images and reference images are different. This is
because HairCLIP replaces the similarity metric space with the CLIP latent
space and embeds the hair region of reference images in CLIP as a condi-
tional input. With this method, transfer between non-aligned hairstyles can
be achieved. However, HairCLIP sometimes makes mistakes in hairstyle and
hair color transfer, as shown in the first and third rows of the comparison
results. This is because HairCLIP only roughly divides the hair informa-
tion of the source image latent code into different semantic levels and trains
the hair mapper network accordingly, which cannot effectively capture the
features of hairstyle and hair color. In contrast to these methods, we fur-
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Input Image Hairstyle Ref Color Ref HairCLIP CtrlHair

Fig.6. Comparison with current state-of-the-art hair editing methods. The first three
columns indicate the source image, hairstyle reference image, and hair color reference
image, respectively.

ther extract effective information from the source image’s latent code on the
basis of HairCLIP and design more sophisticated sub-networks for hairstyle
and hair color editing to handle complex hairstyle and color information.
Experimental results show that our method can perform hair editing tasks
more outstandingly, and the edited results are more realistic and visually
appealing.

User evaluation. To further evaluate our model, we invited 50 participants
of different genders with ages ranging from 18 to 60 years to rate and evaluate
various models from the two categories. For the text-driven methods, we
provided 25 sets of results, with each set consisting of a source image and a
randomly generated result image from one of the 12 text editing conditions.
Participants were asked to rate the accuracy (Acc) and visual realism (Real)
of each editing task based on the provided editing conditions. Ratings were
given on a scale of 1 to 5, where 1 represented the best and 5 represented
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Table 2
User evaluation experiments are conducted with text-driven generated image methods and
hair editing methods. The Acc and Real metrics represent the editing accuracy and visual
realism of the generated images, and the lower the Acc and Real scores, the higher the
ranking and the better the performance.

Metrics
Methods Acc. Real.
Text-Driven Methods
Ours 1.53 1.37
StyleCLIP 3.57 3.93
TediGAN 4.75 4.88
HairCLIP 2.76 2.33
DeltaEdit 2.39 2.49
Hair Editing Methods
Ours 1.32 1.49
LOHO 3.82 3.79
Barbershop 4.86 4.72
HairCLIP 2.41 2.82
CtrlHair 2.56 2.18

the worst. Similarly, for the hair editing methods, we also provided 25 sets
of results using randomly selected reference images from the CelebA-HQ
dataset. Each set consisted of a source image, a reference image, and the
resulting edited image. Participants were asked to rate the editing accuracy
and realism of each set of results. Ratings were given on a scale of 1 to
5, where 1 represented the best and 5 represented the worst. The specific
evaluation results are shown in Table 2. From the Table 2, it can be observed
that our method achieved the best accuracy and realism scores among the
two categories of methods, further validating the superiority of our approach.

4.3. Ablation Analysis

In this section, we conducted qualitative and quantitative ablation exper-
iments as well as hair interpolation experiments on the proposed HairManip
method, aiming to validate the effectiveness of our network structure and
and carefully designed loss functions.
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Fig.7. Analysis of ablation experiments and the leftmost component represents the hair
editing condition.

Table 3
The specific meaning of each symbol in the analysis of the ablation experiment.

Hair editing Pre-processing Smooth L1 Cosine similarity
network module loss loss
Ours v v v v
Vi v b 4 X X
V2 b 4 v b 4 b 4
V3 b 4 b 4 v b 4
V4 b 4 X b 4 v
Baseline b 4 b 4 b 4 b 4

Superiority of each component. Specifically, to evaluate the effective-
ness of different components on the generated images, we randomly selected
editing methods for either text or images (including editing hairstyle or hair
color separately for text or image; editing hairstyle for image while editing
hair color for text; editing hairstyle for text while editing hair color for im-
age) to edit the source image. By conducting ablation experiments on each
component one by one while keeping other components unchanged, we eval-
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Table 4
Quantitative ablation experiments for individual components.

Metrics Ours V1 V2 V3 V4 Baseline
PSNR 31.00 29.2 30.63 29.04 28.95 28.71
SSIM 0.92 0.91 0.90 0.89 0.86 0.89

uated the impact of each component on the generated results. The specific
experimental results are shown in Fig.7. The meanings of each symbol are
provided in Table 3, and the Baseline refers to the HairCLIP method. From
Fig.7, it can be observed that V1 contributes to improving the effectiveness
of hairstyle transformation, while V2, V3, and V4 contribute to improving
the effectiveness of hair color transfer. To visually assess the effectiveness of
the components within the proposed HairManip method, we conducted tests
using 15 randomly selected text editing conditions to evaluate the PSNR and
SSIM metrics of each component and the Baseline. The specific comparison
results are shown in Table 4, which represents the average values across fif-
teen text editing conditions. The quantitative comparison results in Table
4 once again visually demonstrate the importance of each component to the
model and the superiority of our method compared to the Baseline, aligning
with the conclusions drawn in Fig.7. In conclusion, the results of quantita-
tive and qualitative ablation experiments demonstrate the effectiveness and
necessity of our carefully designed network structure and loss functions. The
HairManip model can perform hair editing tasks more excellently, and the
generated result images are more natural and visually appealing.

Effectiveness of network structure. We compared the HairManip method
with two other models, which were variants derived from HairManip, to val-
idate the effectiveness of the proposed hair editing network. Fig.8 displays
the specific comparison results, where the editing condition in the first row
is “brown hair”, and the editing condition in the second row is “bob cut
hairstyle”. (a) represents a variant model where the hair color editing sub-
network is removed from HairManip. (b) represents a variant model where
the hairstyle editing sub-network is removed from HairManip. As can be
seen in Fig.8, after removing the hair color editing sub-network, (a) does
not transfer hair color effectively, and after removing the hairstyle editing
sub-network, (b) does not transfer the hairstyle effectively. In contrast, our
method excels at both hairstyle and hair color editing tasks. The experimen-
tal results further demonstrate the necessity and effectiveness of our unique
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Fig.8. Comparison with two variants of the method. The first row represents editing
the hair color of the input image using the text editing condition “brown hair”, and the
second row represents editing the hairstyle of the input image using the hairstyle editing
condition “bob cut hairstyle”.

Blond Hair A=0.2

Bowl Cut Interpolation . Ringlets
Hairstyle " Hairstyle

Fig.9. Results of the hair interpolation experiment. We gradually increase the weight
A from 0 to 1, and the interpolated image is transferred continuously from blond hair to
gray hair, and from bowl cut hairstyle to ringlets hairstyle.

hairstyle and hair color editing networks.
Hair Interpolation. To verify that the HairManip method can perform
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precise and detailed editing of hair attributes, we conducted hair interpola-
tion experiments between two edited latent codes w, and wg. Specifically,
we generated a new latent code wp by linearly blending latent codes w4 and
wpg, meaning wo = Awa + (1 — AN)wpg. As shown in Fig.9, the interpolated
image is gradually converted from blond hair (bowl cut hairstyle) to gray hair
(ringlets hairstyle) by controlling A to gradually increase from 0 to 1 at 0.2
intervals. From Fig.9, it can be observed that by controlling the designated
weight A, we can achieve fine-grained control over hair attributes.

5. Conclusions

In this work, we proposed a new hair editing method called HairMa-
nip, which can achieve precise and detailed manipulation of hair through
user-inputted text or image editing conditions. To make the generated im-
ages more realistic and natural, we naturally divided hair into hairstyle and
hair color attributes, and fed them into our separately designed hair edit-
ing network for training. Meanwhile, we added corresponding preprocessing
modules and loss functions to further improve the efficiency and accuracy of
the model. Extensive experimental results show that this method performs
outstandingly in hair editing tasks. Compared to similar methods, it can
more accurately capture the characteristics and details of hair, and the gen-
erated result images are more realistic.
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