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Highlights

* Unsupervised pre-training: supervised counterparts
e ... in 7 vision tasks on detection, segmentation
e ... by margins in some tasks

e ... scaled out to images



Unsupervised learning in NLP: BERT
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Analogy in Computer Vision
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Contrastive Learning
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Our Method: Momentum Contrast (MoCo)

* Contrastive learning as dictionary look-up
* Large dictionary

* Consistent dictionary
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Consistent Dictionary from
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Results: ImageNet Linear Classifiers

accuracy (%)
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Results: ImageNet Linear Classifiers

accuracy (%)
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Results: ImageNet Linear Classifiers

MoCo v2
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Results: Transferring Features

VOC 2007 Detection, Faster R-CNN, ResNet-50

APs
pre-train RelPos, by [10] Multi-task [10] Jigsaw, by [22] LocalAgg [60]
super. IN-1M 74.2 74.2 70.5 74.6
unsup. IN-1M 66.8 (—=7.4) 70.5 (=3.7) 61.4(-9.1) 69.1 (=5.5)

Previous:
behind supervised pre-training



Results: Transferring Features

VOC 2007 Detection, Faster R-CNN, ResNet-50

APs
pre-train RelPos, by [10] Multi-task [10] Jigsaw, by [22] LocalAgg [60] MoCo
super. IN-1M 74.2 74.2 70.5 74.6 74.4
unsup. IN-IM 66.8 (—7.4) 70.5 (=3.7) 61.4 (=9.1) 69.1 (=5.5) 74.9 (+0.5)

MoCo:
supervised pre-training



Results: Transferring Features

VOC 2007 Detection, Faster R-CNN, ResNet-50

APs
pre-train RelPos, by [10] Multi-task [10] Jigsaw, by [22] LocalAgg [60] MoCo
super. IN-1M 74.2 74.2 70.5 74.6 74.4
unsup. IN-IM 66.8 (—7.4) 70.5 (=3.7) 61.4 (-9.1) 69.1 (=5.5) 74.9 (40.5)
unsup. IN-14M - - 69.2 (—1.3) - 75.2 (+0.8)
unsup. IG-1B - - - - 75.6 (+1.2)

MoCo:
benefit from images



Results: Transferring Features

VOC 2007 Detection, Faster R-CNN, ResNet-50

AP¢, AP AP
pre-train MoCo MoCo MoCo
super. IN-1M 74.4 424 42.7

unsup. IN-1M 74.9 (+0.5) 46.6 (+4.2) 50.1 (+7.4)
unsup. IN-14M  75.2 (+0.8) 46.9 (+4.5) 50.2 (+7.5)
unsup. IG-1B 75.6 (+1.2) 47.6 (+5.2) 51.7 (+9.0)

MoCo:
big gains in stringent metrics



Results: Transferring Features

pre-train APs AP APs APPP APBP APb? APk APIK APk
random init. 64.4 37.9 38.6
super. IN-1M 81.4 54.0 59.1 40.6 61.3 44 .4 36.8 58.1 39.5
MoCo IN-1M 81.1 (—-0.3) 54.6 (+0.6) 59.9 (+0.8) 40.8 (+02) 61.6 (+0.3) 44.7 (+0.3)| 36.9 (+0.1) 58.4 (+0.3) 39.7 (40.2)
MoCo IG-1B 81.6 (+0.2) 55.5 (+1.5) 61.2 (+2.1) 41.1 (+0.5) 61.8 (+0.5) 45.1 (+0.7)| 37.4 (+0.6) 59.1 (+1.0) 40.2 (+0.7)
(a) Faster R-CNN, R50-dilated-C5 (b) Mask R-CNN, R50-FPN, 2 x schedule
pre-train APs AP AP5 APP® AP AP AP™k APZK APk
random init. 60.2 33.8 33.1
super. IN-1M 81.3 53.5 58.8 40.0 59.9 43.1 347 56.5 36.9
MoCo IN-1IM 81.5 (4+0.2) 55.9 (+2.4) 62.6 (+3.8) 40.7 (+0.7) 60.5 (+0.6) 44.1 (+1.0)| 35.4 (+0.7) 57.3 (+0.8) 37.6 (+0.7)
MoCo IG-1B 82.2 (+0.9) 57.2 (+3.7) 63.7 (+4.9) 41.1 (+1.1) 60.7 (+0.8) 44.8 (+1.7)| 35.6 (+0.9) 57.4 (+0.9) 38.1 (+1.2)
(b) Faster R-CNN, R50-C4 (d) Mask R-CNN, R50-C4, 2x schedule

COCO Detection

VOC 07+12 Detection COCO Instance seg.



esults: Transferring Features

COCO keypoint detection COCO dense pose estimation
pre-train APKP APY APKD pre-train AP APP AP
super. IN-1M 65.8 86.9 71.9 super. IN-1IM 48.3 85.6 50.6
MoCo IN-1M 66.8 (+1.0) 87.4 (+0.5) 72.5 (+0.6) MoCo IN-IM 50.1 (+1.8) 86.8 (+1.2) 53.9 (+3.3)
MoCo IG-1B 66.9 (+1.1) 87.8 (+0.9) 73.0 (+1.1) MoCo IG-1B 50.6 (+2.3) 87.0 (+1.4) 54.3 (+3.7)

COCO Keypoint COCO Dense pose
AP

LVIS instance segmentation Cityscapes instance seg. Semantic Semantic
pre-train AP™K AP;‘H‘ AP%k pre-train APMK APgbk Cityscapes pre-train vocC
super. IN-IMt | 24.4 37.8 25.8 super. IN-IM | 32.9 59.6 74.6 super. IN-IM | 74.4
MoCo IN-IM 24.1 (=0.3) 37.4(-0.4) 25.5(=0.3) MoCo IN-IM | 323 (=0.6) 593 (-=0.3)| 75.3 (+0.7) MoCo IN-IM | 72.5(-1.9)
MoCo IG-1B 24.9 (+0.5) 38.2 (+0.4) 26.4 (+0.6) MoCo IG-1B | 329 ( 0.0) 60.3 (-+0.7)| 75.5 (+0.9) MoCo 1G-1B | 73.6 (—0.8)

LVIS Cityscapes VOC
Instance seg. Semantic seg. Semantic seg.
-0.8 point



Conclusion

* Unsupervised pre-training: surpass supervised counterparts

e Code available: https://github.com/facebookresearch/moco



https://github.com/facebookresearch/moco

