ReCo: Retrieve and Co-Segment

Motivation ReCo targets these challenges based on two findings:

Task: semantic segmentation (label the pixels) @ Modern DNNs learn object extent/correspondences

Applications of semantic segmentation: without pixel-level supervision | DINO || DeiT-S-SIN| |STEGO
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Ablation Studies

Archive curation Co-segmentation ReCo Components

Assess CLIP archive curation Influence of archive size/encoder | | Framework contributions

ImageNet-1K retrieval PASCAL-Context segmentation PASCAL-Context segmentation
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Comparisons with existing approaches

COCO Stuft

Model Acc. mloU

Cityscapes

Model Acc. mloU

KITTI-STEP

Model Acc. mloU

Zero-shot transfer

DenseCLIP*# 359 10.0
MDC*1 - 7.0
PiCIE*T - 9.7

Zero-shot transfer
DenseCLIP* 322 19.6
ReCo* 46.1 26.3

Unsupervised adaptation

IIC 21.8 6.7
MDC 322 9.8
PiCIE 48.1 13.8
PiCIE + H 500 144
STEGO 569 28.2

ReCo+*# 54.1 32.6

Zero-shot transfer
DenseCLIP? 341 15.3

D&S*1 _ 16.2

ReCo* 654 22.0 ReCo* 70.6 29.8

Unsupervised adaptation

SegSort 698 19.2
HSG 73.8 21.7

ReCo+* 75.3 31.9

Unsupervised adaptation

IIC 479 64
MDC 40.7 7.1
PiCIE 65.5 123
STEGO 732 21.0

ReCo+* 83.7 24.2

f visionanguage pretraining

* evaluate at original resolution | | ¥ Waymo Open training

References: (STEGO) M. Hamilton et al., "Unsupervised Semantic Segmentation by Distilling Feature Correspondences”, ICLR (2022)

(DenseCLIP) C. Zhou et al., "Extract free dense labels from clip", arxiv (2021) (D&S) A. Vobecky et al., "Drive&Segment: Unsupervised Semantic Segmentation of Urban Scenes via Cross-modal Distillation", arxiv (2022)
(ReCo) G. Shin et al., "ReCo: Retrieve and Co-segment for Zero-shot Transfer", NeurlIPS (2022) (Waymo Open) P. Sun et al., "Scalability in perception for autonomous driving: Waymo open dataset", CVPR (2020)
(IIC) X. Ji, "Invariant information clustering for unsupervised image classification and segmentation”, CYPR (2019) (SegSort) J-J. Hwang et al., "Segsort: Segmentation by discriminative sorting of segments", ICCV (2019)

(MDC/PIiCIE) J. Cho et al., "PiCIE: Unsupervised semantic segmentation using invariance and equivariance in clustering", CYPR (2021) (HSG) T. Ke et al., "Unsupervised Hierarchical Semantic Segmentation with Multiview Cosegmentation and Clustering Transformers", CYPR (2022)



Qualitative Results ReCo co-segmentations
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Limitations

Limitations of the ReCo framework and research methodology:

1. Some concepts are so rare that they do not appear in billion-image datasets | ReCo cannot segment these
2. Inference uses and visual encoder | computationally expensive || could address in future work
3. ImageNet is used for experiments strong object-centric bias | | may present optimistic assessment of ReCo generality

4. CLIP is expensive to retrain if new concept emerges | hard to update archives (e.g. for new products)
5. ReCo avoids but design guided by ablations on labelled data
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Related Work

Unsupervised semantic segmentation

* maximising mutual information | IIC (2019) ||AC (2020)

* metric learning across proposals | HG (2020) || MaskContrast (2021)
® equivariance constraints | PICIE (2021)

o distillation of feature correspondences | STEGO (2022)
® cross modal cues (vision and LiDAR) | D&S (2022)

ReCo: no Hungarian matching required to link predictions and labels

Zero-shot segmentation

* leverage word embeddings | OVSP (2017) | | ZS3Net (2019)
e leverage CLIP embeddings

ReCo focuses on zero-shot transfer

Directly comparable to "annotation-free" DenseCLIP

Co-segmentation

. approaches
¢ shared encoder networks

* iterative refinement

* weak supervision

Weakly-supervised semantic segmentation
* sparse pixel labels
® scribbles

e extreme clicks | ExtremeClicking (2017
eme CIICKS g ( ) (D&S) A. Vobecky et al., "Drive&Segment: Unsupervised Semantic Segmentation of Urban Scenes via Cross-modal Distillation", arxiv
. (2022)
° Image-level Iqbels MIL (2015) (Point-level) A. Bearman et al., "What's the point: Semantic segmentation with point supervision", ECCV (2016)

. . (PixelPick) G. Shin et al., "All you need are a few pixels: semantic segmentation with PixelPick", ICCYW (2021)
Reco: can qu rn segmenfer from any Unl(]be"ed CO"eChon OF |mC|ges (ScribbleSup) D. Lin et al., "ScribbleSup: Scribble-supervised convolutional networks for semantic segmentation”, CVPR (2016)

(ExtremeClicking) D. Papadopoulos et al., "Extreme clicking for efficient object annotation", ICCV (2017)
(MIL) P. Pinheiro et al., "From image-level to pixel-level labeling with convolutional networks", CVYPR (2015)

ReCo can in principle use any co-segmentation approach
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