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Vision Transformer (ViT) can be pre-trained with 1k synthesized images!

Number of Images required for ViT pre-training -
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JFT (300M), ImageNet-1k/21k (1.28M / 14M), FractalDB-1k/21k (1M/21M). OFDB-1k/21k (1k/21k)
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" limited data pre-training
(For ViT)

-Proposal methods ”
Why can pre-train with 1 image per category? we®? Pattern augmentation

FractalDB generates 1000 images from a single fractal image | - =p n E E E n n D

Minibatch data augmentation to perform essentially the same conversion Each dot Randomlv augmented to one of patterns

Experiment : Verification performance of Data augmentation Texture augmentation

DeiT N A A AV Y IFS’s Parameter variationx25 - =) E E H E m E E
gostation v , . . Each dot Randomly augmented to one of textures
Rand. Pat. v v -
Rand. Text. VR Rotation x4 Patch patternx10
ig-gl}zgg 2431.2 81.6 84.1 gi-g 2451-213 gg-i | | Possible to generate a variety

i , i - . : : Of Fractals with similar shapes

The same accuracy can be achieved with a single image,
and the patch augmentation can be further improved.

——EXxperiment

Experimental setting
Verify pre-training effectiveness of datasets - Transition training using pre-trained network weic

Evaluated by test performance on the dataset for transfer learning

hts as initial values
data augmentation use DeiT setting.

1,000 times smaller dataset Comparison of pre-training effect with 1k category dataset

— M f {CIFAR-10/100, Cars, FlI , VOC-12, Places-30, ImageNet-100
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Number of images for pre-training

with 21k category data sets

Comparison of ViT prior learning with SoTA on limited data  Pre-training #lmg Type ViT-T ViT-B | GPUhours Batch #lterations
Pre-training #Img Flowers Pets DTD Indoor-67 CUB Aircraft Cars | Average Scratch B B 72.6 79.8 B - -
Scratch - 764 672 442 58.7 544 230 786 | 575 ImageNet-21k 14M  SL 741  81.8 3,657 8,192 300k
SimCLR [10] 2,040-8,144  90.1 828 62.3 66.6 68.5 744 893 | 763 FractalDB-21k 2IM FDSL 73.0 81.8 5,120 8,192 300k
IDMM [42] 2,040-8,144 924 832 669 68.5 9.8 734 878 | 774 >

IDMM-ImageNet [42] 2,040 9005 824 668 688 668 918 876 | 792 ImageNet-21k™ 21k SL 71.0  38l1.1 1,132 1,024 300k
2D-OFDB- 1k (ours) 1,000 937 846 615 661 677 950 910 | 80.8 2D-OFDB-21k 21k FDSL 738 822 1,088 1,024 300k

Higher accuracy with smaller amount of data
than IDMM with synthetic images

Scaling Data Improves AccuracyViT-B exceeds ImageNet-21k
Pre-training time reduced by 78

Enables ViT pre-training for anyone with limited data and computational resources



