StyleGan2 AX] 9 Al3H
( &tx : https://github.com/NVlabs/stylegan? )
( https://github.com/NVlabs/stylegan2-ada, https://github.com/NVlabs/ffhq-dataset )
StyleGAN: A Style-Based Generator Architecture for Generative Adversarial Networks

[1] 22y 7= R Aod A S/W HX|

Ram 16 Giga o]4F

NVIDIA GPU 7}= AX| (16GCiga °]4}, 7Fsst® of2{7)je] GPU HA})

MS Visual Studion 2029 Communication WA (£ &) AX] : source ZATLE 5t BQ
NVIDIA CUDA TOOLKIT(v11.4) AX] : GPUAFE-3} Nvidia ATt 2{(nvee.exe)S ¢l5to] =ZQ

[2] 718273 2874 R ER T71X] EA]

conda create -n stylegan2 git
conda activate stylegan2
# tensorflow 1.15, 2.x AL 53k ot

conda install tensorflow-gpu=1.14.0 keras scipy requests pillow opencv
[3] StyleGan2 A~ 9 848 Hlo|g r}ezc

git clone https://github.com/NVlabs/stylegan2.git

cd stylegan?

# 739] Alo]Eo]A CAT data(cat-256x256.zip) THulolA] stylegan2\datasets\cat-256x256-images
=0 offof] dFsA L A

27 A3 (D) » myprojects > stylegan2 > datasets » cat-256x256-images v O cat-256x256-images A e
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https://github.com/NVlabs/stylegan2-ada
https://github.com/NVlabs/ffhq-dataset
https://github.com/NVlabs/stylegan2.git

[4] Ao & HA
# CUDA nvcc ZAmYz] RS ZFAA Path A0
setx path=%path%;C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.4\bin

# nvce T&F
nvce --version
# MSVC ZAntde] 25 custom_ops.py Itdo]
D:\myprojects\stylegan2\dnnlib\tflib\custom_ops.py oY £7A

B download.sh @ checkpoint.py 1 2 solver.py 9 2 main.py 3 Release Notes: 1.59.0

D: > myprojects > stylegan2 > dnnlib > tflib > & custom_ops.py >
1 ) ) : :
2
3
a
5
6
7 """TensorFlow custom ops builder.
8
9
18 import os
11 import re
12 import uuid
13 import hashlib
14 import tempfile
15 import shutil
16 import tensorflow as tf
17 from tensorflow.python.client import device lib -
18
19
20
21
22 cuda_cache_path = os.path.join(os.path.dirname(__file_ ), '_cudacache")
23 cuda_cache_version_tag = 'v1'
24 do_not_hash_included_headers = False pe It ic 1 hat  ude the
25  verbose = True # Print . : oue.  dnnlib\tflib\custom_ops.py 1} <ojA]
26 =
27 compiler_bindir_search_path = [ MSVC %]E ZF7}
28 'C:/Program Files (XBG)/MicFOSOW/2917/Community/vc/Tools/MSVC/14.14.26428/’bin/Hostx64/x64‘,
29 'C:/Pr*om Files (x86)/Microso™™Visual Studio/2019 Coﬂunitv VC/Tools/MSVC/14.23.28185/bin/Hostx64/x64 "',
38 I 'C:/Program-Files- (x86)/Microsoft-Visual Studio/ZBlQ/Community/VC/Tools/MSVC/14.29,36937/bin/Hostx64/x64',"
3% "C:/Program Files (x86)/Microsott Visual Studio 14.8/vc/bin’,
32 ]
33

[5] Custom Dataset ABA 3} multi-resolution TFRecords 234
( TFY 2= A9 :https://bcho.tistory.com/1190 )
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https://bcho.tistory.com/1190

# Custom dataset A7
(FEoly o]u]X] &0: datasets/cat-256x256-images,
M=l dataset &0 datasets/cat-256x256-datasets)
python dataset_tool.py create_from_images
datasets/cat-256x256-datasets datasets/cat-256x256-images

s EZ O0A3 (D) » myprojects » stylegan2 » datasets » cat-256x256-datasets v O cat

k= =t 7 5 37|

| cat-256x256-datasets-r02.tfrecords 2021-08-09 2% 5:34 TFRECORDS g 4KB
|| cat-256x256-datasets-r03.tfrecords 2021-08-09 @ % 5:34 TFRECORDS L}g 9KB
| cat-256x256-datasets-r04.tfrecords 2021-08-09 2% 5:34 TFRECORDS It 29KB
| | cat-256%256-datasets-r05 tfrecords 2021-08-09 @& 5:34 TFRECORDS It¥ 107KB
|| cat-256x256-datasets-r06.tfrecords 2021-08-09 2F 5:34 TFRECORDS It 422KB
| cat-256x256-datasets-r07.tfrecords 2021-08-09 @& 5:34 TFRECORDS Itg 1,683KB
| cat-256x256-datasets-r08.tfrecords 2021-08-09 2% 5:34 TFRECORDS Itg 6,723KB

# DataSet © 2 Y E] o]u]X] Display HAE
python dataset_tool.py display datasets/cat-256x256-datasets

loading dataset 'datasets/cat-256x256-datasets”
Displaying images
Press SPACE or ENTER to advance., ESC to exit

jiclss =
label =

idw =
|abel

B ¥ dataset_tool

[6] Latent Space® Images Projection 5}7]

# Project real images
python run_projector.py project-real-images
--network=gdrive:networks/stylegan2-cat-config-f.pkl
--dataset=cat-256x256-datasets --data-dir=./datasets



AlSBA TS results\00004-project-real-images Zjof o2t Zo] X A=

Local submit - run dir: results#00010-project-real-images

dnnlib: Bunning run_projector.project real images() on localhost...

Loading networks from "gdrive:networks/stylegan?-cat-config-f . pkl". ..

Setting up TensorFlow plugin "fused hias act.cu”: Preprocessing... Loading... Done.
Setting up TensorFlow plugin “upfirdn 2d.cu”: Preprocessing... Loading... Done.

Loadina images from "cat-256x256-datasets”. ..

Projecting image 0/3 ...

Projecting image 1/3 ...

Projecting image 2/3 ...

dnnlib: Finished run_projector.project real images() in 6m 00s.

PC » 2Z [|A3 (D) » myprojects > stylegan2 » results » 00010-project-real-images v O 00010-project-real-images Z* 2

_finished image0000-step image0000-step
0200 0400 0600 0800 1000

image0001-step
0200

|

image0001-step  image0001-step  image0001-step  image0001-step  image0001-targe  image0002-step  image0002-step  image0002-step
0400 0600 0800 1000 t 0200 0400 0600

image0002-step  image0002-step  image0002-targe log run submit_config.pk submit_config
0800 1000 t |

# Project generated images
python run_projector.py project-generated-images --network=gdrive:networks/

stylegan2-cat-config-f.pkl —seeds=0,1,5

PC » 2%Z [|23 (D) > myprojects > stylegan2 » results > 00005-project-generated-images v O 00005-project-generated-imag.. 2

_finished log run seed0000-step02  seed0000-step04  seed0000-step06  seed0000-step08  seed0000-step10

00 00 00 00
w =

WS EXEREXLANY
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00 00 00 00 00 00

i

l i
|
seed0005-step04  seed0005-step06  seed0005-step08  seed0005-step10  seed0005-target  submit_config.pk submit_config
I

nn nn nn nn




[7] Network &t

i)

&7 (Config)

We have verified that the results match the paper when training with 1, 2, 4, or 8 GPUs. Note that training FFHQ
at 1024 %1024 resolution requires GPU(s) with at least 16 GB of memory. The following table lists typical training
times using NVIDIA DGX-1 with 8 Tesla V100 GPUs:

Configuration  Resolution  Total kimg 1GPU 2 GPUs 4GPUs 8GPUs GPU mem
config-f 1024x1024 25000 69d 23h 3éd 4h 18d 14h  9d 18h 13.3GB
config-f 1024 %1024 10000 27d 23h  14d 11h 7d 10h 3d 22h 13.3 GB
config-e 1024 %1024 25000 35d 11h ~ 18d 15h 9d 15h 5d 6h 8.6 GB
config-e 1024x1024 10000 14d 4h 7d 11h 3d 20h 2d 3h 8.6 GB
config-f 256x256 25000 32d 13h  16d 23h 8d 21h 4d 18h 6.4 GB

II config-f 256x%256 10000 13d Oh 6d 19h 3d 13h 1d 22h 6.4 GB
# 339 574 7175
Metric FFHQconfigF  1GPU 2GPUs 4GPUs  Description

fidsek 2.84 + 0.03 22 min 14 min 10 min  Fréchet Inception Distance I

is5ek 5.13 £ 0.02 23 min 14 min 8 min Inception Score

ppl_zfull 348.0 + 3.8 A1 min 22 min 14 min  Perceptual Path Length in Z, full paths

ppl_wfull 126.9 £ 0.2 42 min 22 min 13 min  Perceptual Path Length in W, full paths

ppl_zend 348.6 + 3.0 41 min 22 min 14 min  Perceptual Path Length in Z, path endpoints
ppl_wend 1294 + 0.8 A0 min 23 min 13 min  Perceptual Path Length in W, path endpoints
ppl2_wend 145.0 £ 0.5 41 min 23 min 14 min  Perceptual Path Length without center crop

1s 154.2 / 4.27 10 hrs 6 hrs 4 hrs Linear Separability

pr5ek3 0.689 /0492 26 min 17 min 12 min Precision and Recall



# org sh5¥d(config-?) &l
python run_training.py —help
optional arguments:
-h, --help show this help message and exit
--result-dir DIR Root directory for run results (default: results)
--data-dir DATA_DIR Dataset root directory
--dataset DATASET Training dataset
--config CONFIG Training config (default: config-f)
--num-gpus N Number of GPUs (default: 1)
--total-kimg KIMG Training length in thousands of images (default:25000)
--gamma GAMMA R1 regularization weight (default is config dependent)
--mirror-augment BOOL  Mirror augment (default: False)
--metrics METRICS Comma-separated list of metrics or "none" (default: fid50k)
# Custom dataset 02 st

python run_training.py --num-gpus=1 --data-dir=./datasets
--config=config-f --dataset=cat-256x256-datasets



Streaming data using training.dataset _ TFRecordDataset. ..

Dataset shape [3. 256, 256]

IDynamic range [0 255]

L abel size

IConstructing networks

Setting up Tensorklow plugin “"tused _bias _act.cu”: Preprocessing... Loading... Done.
iSetting up TensorFlow plugin "upfirdn 2d.cu”: Preprocessing... Loading... Done.

G Params OutputShape WeightShape
latents_in - (7, 512) =
labers_in (7. U)
lod 8]
dlatent_avg (512,
G mapping/latents in (7. 519
G_mapping/labels_in 2. O
G_mapping/Normal i ze - 2. 512)
G_mapping/Dense0 262656 (?. 512)
G mapping/Densel 262656 ?,. 512)
G_mapping/Dense? 262656 7, Hh12)
G_mapping/Dense3 262656 7., 512)
G mapping/Densed 262656 7, hl12)
G_mapping/Denses 262656 ¢, 512
G_mapping/Denseb 262656 ¢, H12)
G_mapping/Dense’ 262656 7, 512)
G mapping/Broadcast - 7. 14, 512)
G_mapping/dlatents_out - 2. 14, 512)
Truncation/Lerp - 2. 14, 512)
G synthesis/dlatents in — 2. 14, 512)
G_synthesis/4x4/Const 8192 2. 512, 4, 4
G_synthesis/4x4/Conv 2622465 2. 512, 4, 4)
G_synthesis/Ax4/ToRGB 264195 2. 3. 4. 1)
G synthesis/8x8/Conv0 up 2622465 7. 512, 8, 8
G_synthesis/8x8/Convl 2622465 2. 512, 8, 8)
G_synthesis/8x8/Upsample - 7. 3. 8.8
G synthesis/8x8/ToRGB 264195 7. 3.8, 8
G_synthesis/16x16/Conv0_up 2622465 2. 512, 16, 16)
G_synthesis/16x16/Conv1 2622465 ?. 512, 16, 16)
G_synthesis/16x16/Upsample = (?, 3. 16. 16)
G synthesis/16x16/ToRGB 264195 7, 3. 16, 1B)
G_synthesis/32x32/Conv0_up 2622465 2, 512, 32, 32)
G_synthesis/32x32/Convl 2622465 2. 512, 32, 32)
G synthesis/32x32/Upsample — 2.3, 32, 399
G_synthesis/32x32/ToRGB 264195 7, 3. 32, 3
IG_synthesis/64x64/Conv0_up 2622465 ?. 512, 64, 64)
IG_synthesis/B4x64/Conv] 2622465 7. 512, 64, 64)
G SyntheS|S/84xB4/Upsample - 7. 3. B4, B4)
264195 7, 3. 64, 64)
1442561 ?, 256, 128, 128)
721409 7, 256, 128, 128)
— 7, 3, 128, 128)
G_synthesis/128x128/ToRGB 132099 7, 3. 128, 128)
G_synthesis/256x256/Conv0 up 426369 2. 128, 256, 256)
G synthesis/256x256 /Conv 213249 7, 128, 256, 25B6)
G_synthesis/256x256/Upsample - 956. 256)
IG_synthesis/?56x256/ToRGB 66051 . 256, 256)
IG_synthesis/images out = , 258, 256)
G_synthesis/noise0 , 4,4)
G_synlhesis/noisel . 8. 8)
IG_synthesis/noise? . 8.8
G synthesis/noise3 ., 16, 16)
G_synthesis/noised . 16. 16)
G _synthesis/noiseb . 32. 32)
G synthesis/noiseb . 32, 32)
G_synthesis/noise? . b4. 64)
G _synthesis/noise8 . B4. 64)
G_synthesis/noised . 198, 128)
G synthesis/noisel0 . 128, 128)
G_synthesis/noisell . 256, 256)
G _synthesis/noisel? . 256. 25B6)
images_out , 256, 25B)

Total 30034338
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Params QutputShape WeightShape

images in (7. 3. 256. ?256)
labels in (2, 0)

256%256 /F romRGB 912 (7. 128. 256. 256)

. 3. 128)

. 128. 128)
. 128. 256)
. 128. 256)
. 256. 256)
. 256. 512)
. 256. 512)

1

256x256 /Conv0 147584 (7. 128. 256. 256) 3
256x256/Conv1 _down 295168 (7. 256. 128. 128) 3

256x256 /Skip 32768 7, 256, . 128) 1
128%128/Conv0 530080 7, 256, . 128) 3
128x128/Conv] down 1180160 (?. 512, . b4) 3
128x128/Skip 131072 7. 52, . b4) I

64x64 /Conv0 2359808 7. 52, . b4) 3. 512, 512)
64x64/Conv1 _down 2359808 (7. 512. . 32) . 3. 512, 512)
64x64/Skip 262144 7. 52, . 32) . 1. 512, 512)
32x32 /Conv0 2359808 7. 52, . 32) . 3. 512, 512)
32x32 /Conv1 _down 2359808 (7. 512. . 16) 3. 512, 512)
32x32 /Skip 262144 7. 52, 1. 512, 512)
16x16/Conv0 2359808 7. 52, 3. 512, 512)
16x16/Conv1 _down 2359808 (7, 512, 3, 512, 512)
16x16/Skip 262144 7. 52, 1. 512, 512)
8x8/Conv0 2359808 7. 52, 3. 512, 512)
8x8/Conv1 _down 2359808 (7, 512, 3, 512, 512)
8x8/Skip 262144 P, 52, 1. 512, 512)
Ax4/MinibatchStddey - (7. 513, 4,

Ax4/Conv 2364416 (7. .4, (3. 3. 513. 512)
Ax4/Densel 4194816 (7. (8192, 512)
Output 513 2 (512. 1)

scores out — ~

Total 26864129




Building TensorFlow graph. ..
Initializing logs...
Training for 25000 kimg. ..

tick 0

kimg 0.1 lod

network-shapshot-000000

tick 1
tick 2
tick 3
tick 4
tick 5
tick 6

kimg 8.2 lod O

kimg 16.3
kimg 24.3
kimg 32.4
kimg 40.4
kimg 48.5
kimg 56.6
kimJ 64.6 lod
lod

[ king 806 []lod

lod
lod
lod
lod
lod
lod

netwnlk sﬁansin —llll-l

results 0] ¥tFE =

kimg 88.8
kimg 96.9
kimg 105.0
kimg 113.0
kimg 121.1
kimg 129.2
kimg 137.2
kimg

ki mg

lod
lod
lod
lod
lod
lod
lod
lod
lod

lod
lod
lod
lod
lod
lod
lod
lod
lod
lod

k|mg
kimg
kimg
kimg
kimg
kimg
kimg
kimg

- v
k|mJ 250.1
kimg 258.2
kimg 266.2

lod
lod
lod

0.00 minibatch
time 19n O4s
00 minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
0.00 minibatch
0.00 minibatch
time 18m 4is
0.00 minibatch
0.00 minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch

“time 18m 47s
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch
minibatch

“time 18m 50s
0.00 minibatch
0.00 minibatch
0.00 minibatch

0.00
0.00
0.00
0.00
0.00
0.00
0.00

SRl

time 38s
fidb0k 336.6543
time 5m 11s
time Th 21m 22s
time 4im 57s
time 14m 33s
time 41m Ofs
time Oim 44s
time 34m 21s
time 00m 58s
time 27m 33s
time 54m 11s
fid50k 416.4822
time Sh 39m &7s
time 6h O6m 34s
time 6h 33m 09s
time Bh 59m 46s
time 7h 26m 23s
time 7h 53m 00s
time 8h 19m 33s
time 8h 46m 09s
tlme 9h 12m 45s
e Sh 39m 21s
f|d50k 373.4701
time 25m Obs
time S5im 42s
time 18m 17s
time 44m Sds
time 11m 34s
time 38m 10s
time 0dm 41s
time J1m 23s
time 5m 58s
time 14h 24m 35s
fid50k 191.5806
time 15h 10m 29s
time 15h 37m 23s
time 16h Odm 19s

sec/tick 38.4

sec/kimg

sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg

sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
sec/kimg
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sec/kimg
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myprojects > stylegan2 > results > 00009-stylegan2-cat-256x256-datasets-1gpu-config-f
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stylegan2 » results » 00009-stylegan2-cat-256x256-datasets-1gpu-config-f v O 00009-stylegan2-cat-256x256-... P

~

0 >Eo W 9 37|
| ] events.out tfevents 1628505913.AILAB 2021-08-10 27 11:29 AlLAB I+ 24KB
8] fakes_init 2021-08-09 2% 7:24 PNG It 15,778KB
& fakes000000 2021-08-09 2% 7:26 PNG It 15,823KB
& fakes000080 2021-08-10 2F 12:19 PNG Tt 62,555KB
& fakes000161 2021-08-10 27 5:.04 PNG Tt 59,200KB
& fakes000242 2021-08-10 27 9:49 PNG I+ 54,354KB
E log 2021-08-10 27 10:35 HAE EA 16KB
| metric-fid50k 2021-08-10 27 10:08 HAs 2N 1KB
| 1 hetwork-snapshot-000000.pkl 2021-08-09 2% 7:26 PKL It 349,004KB
[ | network-snapshot-000080.pkl 2021-08-10 2% 12:19 PKL T 349,004KB
D network-snapshot-000161.pkl 2021-08-10 27 5:04 PKL It 349,004KB
D network-snapshot-000242.pkl 2021-08-10 27 9:49 PKL ot 349,004KB
& reals 2021-08-09 2% 7:23 PNG Tt 45,491KB
= run 2021-08-09 2% 7:24 HAe 2M 1KB
[ ] submit_config.pkl 2021-08-09 2% 7:23 PKL I+ 3KB
E submit_config 2021-08-09 2F 7:23 HAE 2M 3KB
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[8] o]a]A] A§/d (10007H)

python run_generator.py generate-images --seeds=0-999 --truncation-psi=1.0 \

--network=results/0000?7?-stylegan2-ffhq-1gpu-config-f/networks-final.pkl

python run_generator.py generate-images --seeds=0-999 —truncation-psi=1.0
--network=results/00009-stylegan2-cat-256x256-datasets- 1gpu-config-f/network-snapshot-0002
47 .pkl

Local submit — run_dir: resultsfO0012-generate-images

dnnlib: Running run_generator.generate rmages() on localhost.

Loading networks from lesuItS/OOOOQ stylegan?- cat O56x256-datasets- 1gpu-config-f/network-snapshot-000242 .pkl "
Setting up TensorFlow plugin "fused_hias _act. Preprocessing... Loading... Done.

Setting up TensorFlow plugin "upfirdn 2d.cu": PIBDIDCESSIHJ Loadlnc _ Done.

Generating image for seed O (0/1000)

(1/1000)
(2/1000)
(3/1000)

Generating image for seed |

Generating image for seed 2

Generating image for seed 3

Generating image for seed 4 (4/1000)
Generating image for seed 5 (5/1000) ...
Generating image for seed G (6/1000) ...
Generating image for seed 7 (7/1000)
Generating image for seed 8 (8/1000)
Generating image for seed 9 (9/1000)
Generating image for seed 10 (10/1000)
Generating image for seed 11 (11/1000) .

Generating image for seed 991 (991/1000) ...
Generating image for seed 992 (992/1000) ...
image for seed 993 (993/1000) ...
image for seed 994 (994/1000) ...
image for seed 995 (995/1000) ...
image for seed 996 (996/1000) ...
image for seed 997 (997/1000) ...
image for seed 998 (998/1000) ...
image for seed 999 (999/1000)
dnnlib: Finished run_generator.generate_ |ma3es() in 1m 10s.

Z C|A3 (D) » myprojects » stylegan2 » results » 00012-generate-images v [J] 00012-generate-images &4 »r
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- A dlolg 37| 1 256x256, 512x512, 1024x1024, st=go] 73 11
- Data Augmentation : Mirroring &%

I experimented mainly with two “fashion” datasets

* dresses (~30k packshot images)

e footwear (~ 140k packshot images)
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Real images samples from the footwear and dresses datasets
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(https://towardsdatascience.com/stylegan-v2-notes-on-training-and-latent-space-exploration-eb
1cf96584b37gi=6980a11c5852)

Configuration : A173% @dlo] J1x0oF EXNS AR
: config-a ¥ E] weight demodulation, lazy regularization, path length regularization
s x7} siAY 240l config-f 7HA] UL

config-a - the original SyleGAN vl

~

~

config-e - the full updated setup for v2

config-f - a larger network version of config-e

Z A 7} A& (FID : Frechet Inception Distance)
A" F4Y BAS BUE @AY Arole ARlE B4 (R

(o]
o — S
: 9bH - Inception Network® &7t layerofA]1Q] feature 3fo] "Wt T EANS o] 838t0] AAF

o 1

FID(x,g) = H,ux_—uo‘ ;+TJ' Y +3 —2(2_2 )9
x Fgl|, )

% g

Trs )7t R g

§t&5& Ir(Learning rate)
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StyleGan2-Ada (adaptive discriminator augmentation)

: Training Generative Adversarial Networks with Limited Data (June 11, 2020)
(https://github.com/NVlabs/stylegan2-ada)

- A2 5397 u]9h) &% dlolee] 73 DiscriminatorZb HlojE{o] upAet &= st WAt A A
- ADA o]&: 3ul7f n|gte] CIFAR-10 o|u|X] sr&6iA] State-of-the-art A5 H
- Mixed-precision support: 1.68] 7}A] gt 7+, 1.3871A] £ 2 714, 1.58§7FK] GPU W 22] AH]

=4

- Better hyperparameter defaults: sto]mutatu]g AHxo] ¢ 7HH3|A]

- Clean codebase: & ZHEY, &3t AFESH] § &

- Command line tools: =22 &t& 715, 49]9] o]ulx|of A= B|E] 2 & projection 7Hs
- Network import: &t&% stylegan28 pklmtd S YEYIAIoA Tt E Tt

- Augmentation pipeline: £13}4 oJuo|X] 57} 7|H& GPUE o|&oliA &

A A 5]

J/d€ olulx] 9

7] st&5=El md o]f ujtje m2AM o (https://tv.kakao.com/v/413242134)
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https://github.com/NVlabs/stylegan2-ada
https://tv.kakao.com/v/413242134

