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A Study on an Al-Based System for Hair Style and Color Synthesis
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ABSTRACT

Recently, facial image synthesis technology has been actively applied in industries such as beauty and fashion. In particular, the
increasing demand for personalized image generation has underscored the need for more sophisticated and natural synthesis techniques.
However, existing commercial technologies often rely on predefined settings, limiting their ability to accommodate diverse user preferences.
To address these limitations and offer users a wider range of customization options, this study proposes a hairstyle and color synthesis
system. Specifically, a convolutional neural network is employed to naturally synthesize user-selected hairstyles, while accurate face parsing
techniques are used to recognize and segment facial structures, enabling the seamless integration of the chosen hair color with the original
image. Experimental results show that the proposed system achieves realistic synthesis without noticeable artifacts when compared to

the original images. Furthermore, user evaluations yielded over 94% positive feedback, confirming the system's effectiveness.

Keywords : Face image synthesis, Hairstyle synthesis, Hair Color Synthesis, GAN, Semantic segmentation
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Fig. 1. The overall structure of the proposed system
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(Algorithm 1) Al-based hairstyle and color synthesis

Input:

* source_face_image: YE A oln|x|

* target_hair_image: Z-€% g AU oJu|z]
* target_color: 283 W& M4} (e.g., RGB &)

Output:
* final output_image: M&] AEIYT} Mol BT HLH =
oJm|]

. MainSynthesis( ~ ):

. norm_face_img « NormalizeImage(source_face_image)

. norm_hair_img < Normalizelmage(target_hair_image)

. synthesized_img <« SynthesizeHair(norm_face_img, norm_
hair_img) // Algorithm 2 &%

5. final_output_image < ApplyHairColor(synthesized_img, target_
color) // Algorithm 3 &%

6. return final_output_image
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(Algorithm 2) Hairstyle Generation

Input:
* norm_face_img: 7tk &2 oJu]%]
* norm_hair_img: 3k #g AEY o]u]X]
Output:
* synthesized_img: #z] A€tgo] FAH ofu]7|
1. SynthesizeHair(  ):
// StyleGAN29] W+ A Z7tog 9ud
2. W_src — EmbedToLatent(norm_face_img)
W_trg — EmbedToLatent(norm_hair_img)
/] 82 AA FE (Pose Alignment)
3. W_aligned <« AlignPose(source_latent=*W_src*  target_
latent=*W_trg*)
/] A WE 2AE B An B4
4. W _final < BlendLatents(source latent=*W_src*,
target=*W_aligned*)
/] A% A W 2EE olu|x] 44
. synthesized_img < GeneratelmageFromLatent(W_final)
6. return synthesized_img
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{Algorithm 3) Hair Colorization

Input:

* synthesized_img: AEFUC] $4d9 oln|Z|

* target_color: &% ] M4t

Output:

* colored_output_img: 3 Aol ZL&H o|u]Z|

1. ApplyHairColor(  ):
// BiSeNetv2& o]-&%t ¥= ¥4 &
2. seg_mask «— ParseFace(synthesized_img)
. hair_mask « ExtractHairRegion(seg_mask) // &% oA
oA kg 49 =&
/] At A
. hsv_img < ConvertToHSV(synthesized_img)
. for each pixel p in hsv_img:
. if hair_mask at p is True:
. hsv_img. Hue at p «— target_color.Hue
/] AALEEE 93] BE(Value)s 4% 274
. hsvflmg.\/alue at p < hsv_img.Value at p x 0.9
9. rgh_img « ConvertToRGB(hsv_img)
/] Q& oW A% W FATt Ist] AALER FA
10. colored_output_img < Combine(original_img=*synthesized_
img*, colored_hair_img=*rgb_img* mask="hair_mask*)
11. return colored_output_img
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Python 3.11.9, PyTorch 2.3.0, OpenCV 4.10.0, CUDA 12.1
udo]ct.
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Fig. 2. Example results of hair synthesis
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Fig. 3. Example results of coloring
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Table 1. Quantitative Performance Comparison of the Proposed
System and Commercial Applications

Model PSNR SSIM
Our System 11.87 dB 0.5192
PhotoDirector 15.64 dB 0.7381
YouCam 13.07 dB 0.5812
EPIK 19.22 dB 0.8162
SNOW 18.91 dB 0.7037

Table 1914, A9t A|AEIS PSNR & SSIM =7} 7]& AF&-
fEHA IR FA Z|E=UT LY o] ARt AlA
g9 454 Aol ofd, B7t A7}t 74zl A4 A%
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