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Introduction D ToP architecture Dynamic Position Embedding & Enhanced Locality Module
» In instance-level image retrieval, vision transformers have not yet shown good performance global branch (M +1) x D |
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» We show that a hybrid architecture is more effective than plain transformers idaver 6151 foature w' x h' x D ; n
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» We build a global representation by an advanced pooling mechanism over token embeddings oLS] interiolate Ifl . DW conv 3 x 3
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» Collect global & local features from [CLS] & patch tokens respectively of multiple layers : & 5 g 5 g A = D‘...* — \ ASPP V
» Dynamic position embedding (DPE) to handle dynamic image size at training CNNstem = M+ 1) %D ASPP \ inverted residual block
' ' " " . " " layer 1 layer L _ o _ _
> Enh.al.qced locality module (ELM) to investigate inductive bias in tP.\e deeper layers | . Dynamic Position Embedding (DPE) Enhanced Locality Module (ELM)
» Training on all common datasets: NC-clean, SM-120k, GLDv1-noisy, GLDv2-clean o t1-ayer patch features
» State of the art on image retrieval using vision transformers for the first time = tensolr““f‘ﬂd
? enhanced Top-4 ranking and spatial attention
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Deep Token Pooling (DToP) —> global branch - 3
—» local branch M
» Transformer encoder with L layers, each of M = w X h patch tokens ocal branch
» Mapping of layer £ for £ =1,..., L
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> Al € RWMD: sequence z, . . . ,ZM of patch token embeddings of layer ¢, unfolded into
MEDIUM HARD
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» Given k € {1,..., L}, collect multi-layer [CLS] and patch features from the last k£ layers e
F. = [ %CLZSA, C 'Z%CLS]] - R D GLOBAL DESCRIPTORS (SFM-120K)
F, = [ALFL AL @ RExwxhxD RMAC-R101 * 535 769 - - 683 977 - - 255 420 - - 424 836 - @ -
| P | | GeM-R101 64.7 847 452 71.7 77.2 98.1 523 95.3 385 53.0 199 349 56.3 89.1 247 73.3 —
» Global branch: multi-layer [CLS] features FC mapped to N-dimensional space AGeM-R101 670 - - - 781 - -  _ 47 - - _ 873 - - _ query  top-
_ f — — _ _ _ _ — _
u, = FC(FC) c vl SOLAR-R101 2.5 73.6 70.9 98.1 27.1 414 46.7 83.6
| | | GeM-R101 T 540 725 - - 643 926 - - 258 422 - - 366 676 - @ - .
» Local branch: multi-layer patch features F, processed by convolution operations across layers to GLAM-R101 * 62 - - - 775 _  _  _ 3985 _  _  _ BA3 - _  _ Ablation study on SfM-120k
enhance locality of interactions, followed by global average pooling DOLG-R101 464 668 - - 56 911 - - 181 279 - - 266 626 - @ -
IRT-Deil-B 55.1 2.7 B B 28.3 49.6 - CNN GLOBAL LOCAL MEDIUM HARD
Y = conv F) € QthXD : ELM OXF5K PAR6K
/ 1x1(£p) o DToP-R50+ViT-B  68.5 85.4 48.9 71.7 83.1 964 56.5 94.0 43.0 56.9 24.7 38.9 65.8 89.1 30.3 69.6 CrEn BRANCH BRANCH o P RO TP
Y = FUSE(Y, ELM(Y)) c R" GLOBAL DESCRIPTORS (GLDV2-CLEAN) 77 859 526 760 266 520
w. = Fc(car(Y)) € RY GeM-R101 6.2 - = - 873 - - - 556 - - - 142 - = — " o v 76.6 873 547 770 277 548
| ! (GAP(Y)) o GLAM-R101 78.6 882 68.0 824 885 97.0 735 949 602 729 435 621 768 934 53.1 84.0 PETYPE OXFSK PAR6K = A 783 897 579 782 242 544
» |Image representation: concatenated global and local features u., u, mapped to /N-dimensional DEL G-GeM-R50 736 — 606 — 857 — 686 10 - 37 - 715 —  aa4 - ROxf RPar ROxf RPar v v v 815 898 614 797 325 574
_GeM- _ _ _ _ _ _ _ no PE 828 857 597 739 325 474 v 812 864 555 762 314 521
space N DELG-GeM-R101 76.3 63.7 36.6 70.6 55.6 375 72.4 46.9 e 828 857 597 739 325 474 A 53 010 coe s1e 4o ong
u = BN(FC(DROPOUT([u,; u,)))) € R DOLG-R50 805 - 766 - 898 - 808 - 588 - 522 - 777 - 628 - DPE (bi-cubic) 876 OL0 652 822 383 646 oo v 898 912 676 811 407 625
DOLG-R101 gL - 774 - 910 - 833 - 611 - 548 - 803 - 66.7 - DPE (bi-linear) 89.7  92.7 685 83.1 43.0 65.8 v v v v 897 927 685 831 43.0 6538
DOLG-R101 - 78.8 916 642 821 87.8 96.6 687 941 58.0 74.8 37.3 57.7 741 91.1 451 80.0 — | -
DToP-R50+ViT-B  82.1 91.7 70.9 83.9 92.0 96.6 819 96.4 64.5 77.4 490 66.6 82.9 94.3 64.0 90.6 mAP: position embedding mAP: algorithmic components
DOLG-R101 - 79.3 932 /13 389.1 892 989 7r4.7 97.7 572 (3.0 434 626 76.6 941 53.6 39.7
DToP-R504+ViT-B- 844 941 789 913 923 97.1 854 969 648 76.7 57.1 721 84.6 954 712 946
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