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Overview

» Strong Performance. LION achieves state-of-the-art
performance on Waymo, nuScenes, Argoverse V2, and
ONCE datasets. (&

» Strong Generalization. LION can support most of
representative linear RNN operators .(©)

» More Friendly. LION can train all models on less
24G GPU memory~(i.e., RTX 3090, RTX4090, V100
and A100 are enough to train our LION).&
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Motivation

Perform self-attention with only a small group size
due to computation limitations.

Some linear RNN operators with linear
computational  complexity  have  achieved
competitive performance with transformers.

Perform long-range feature interaction in larger

groups at a lower computation cost
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Contributions

» Propose a simple and effective window-based 3D backbone based on the
linear group RNN

» Introduce a simple 3D spatial feature descriptor and integrate it with the linear
group RNN

» Propose a new 3D voxel generation strategy to densify foreground features.

» \erify the generalization of our LION with different linear group RNN
mechanisms (e.g., Mamba, RWKY, RetNet).
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Experiments

Methods Presentat | Operator Vehicle 3D AP/APH | Pedestrian 3D AP/APH | Cyclist 3D AP/APH | mAP/mAPH
Ll | L2 L1 | L2 Ll | L2 L2
SECOND [60] Sensors 18 72.3/71.7 | 63.9/63.3 | 68.7/582 | 60.7/51.3 | 60.6/59.3 | 58.3/57.0 | 61.0/57.2
PointPillars [26] CVPR 19 72.1/71.5 | 63.6/63.1 | 70.6/56.7 | 62.8/50.3 | 64.4/62.3 | 61.9/59.9 | 62.8/57.8
CenterPoint [66] CVPR 21 74.2/73.6 | 66.2/65.7 | 76.6/70.5 | 68.8/63.2 | 72.3/71.1 | 69.7/68.5 | 68.2/65.8
PV-RCNN{ [45] CVPR 20 78.0/77.5 | 69.4/69.0 | 79.2/73.0 | 70.4/64.7 | 71.5/70.3 | 69.0/67.8 | 69.6/67.2
PillarNet-34 [44] ECCV 22 79.1/78.6 | 70.9/70.5 | 80.6/74.0 | 72.3/66.2 | 72.3/71.2 | 69.7/68.7 | 71.0/68.5
FSD{ [17] NeurIPS 22 > 79.2/78.8 | 70.5/70.1 | 82.6/77.3 | 73.9/69.1 | 77.1/76.0 | 74.4/73.3 | 72.9/70.8
AFDetV2 [25] AAAI 22 3 77.6/77.1 | 69.7/69.2 | 80.2/74.6 | 72.2/67.0 | 73.7/72.7 | 71.0/70.1 | 71.0/68.8
PillarNeXt [27] CVPR 23 2 78.4/77.9 | 70.3/69.8 | 82.5/77.1 | 74.9/69.8 | 73.2/72.2 | 70.6/69.6 | 71.9/69.7
VoxelNext [9] CVPR 23 5 78.2/77.7 | 69.9/69.4 | 81.5/76.3 | 73.5/68.6 | 76.1/74.9 | 73.3/72.2 | 72.2/70.1
CenterFormer[72] ECCV 22 Z 75.0/74.4 | 69.9/69.4 | 78.6/73.0 | 73.6/68.3 | 72.3/71.3 | 69.8/68.8 | 71.1/68.9
PV-RCNN++ [46] 1ICV 22 79.3/78.8 | 70.6/70.2 | 81.3/76.3 | 73.2/68.0 | 73.7/72.7 | 71.2/702 | 71.7/69.5
TransFusion [2] CVPR 22 ~/- -/65.1 —/- -163.7 = ~165.9 -/64.9
ConQueR [74] CVPR 23 76.1/75.6 | 68.7/68.2 | 79.0/72.3 | 70.9/64.7 | 73.9/72.5 | 71.4/70.1 | 70.3/67.7
FocalFormer3D [7] ICCV 23 —/- 68.1/67.6 -/ 72.7/66.8 —/- 73.7/72.6 | 71.5/69.0
HEDNet [68] NeurlIPS 23 81.1/80.6 | 73.2/72.7 | 84.4/80.0 | 76.8/72.6 | 78.7/77.7 | 75.8/749 | 75.3/73.4
SST_TSt [15] CVPR 22 5 76.2/75.8 | 68.0/67.6 | 81.4/74.0 | 72.8/65.9 = - —/-
SWFormer [50] ECCV 22 g 77.8/77.3 | 69.2/68.8 | 80.9/72.7 | 72.5/64.9 /= - —/-
OcTr [70] CVPR 23 < 78.1/77.6 | 69.8/69.3 | 80.8/74.4 | 72.5/66.5 | 72.6/71.5 | 69.9/68.9 | 70.7/68.2
DSVT-Pillar [57] CVPR 23 g 79.3/78.8 | 70.9/70.5 | 82.8/77.0 | 75.2/69.8 | 76.4/75.4 | 73.6/72.7 | 73.2/71.0
DSVT-Voxel [57] CVPR 23 = 79.7/79.3 | 71.4/71.0 | 83.7/78.9 | 76.1/71.5 | 77.5/76.5 | 74.6/73.7 | 74.0/72.1
LION-RetNet (Ours) - 79.0/78.5 | 70.6/70.2 | 84.6/80.0 | 77.2/72.8 | 79.0/78.0 | 76.1/75.1 | 74.6/72.7
LION-RWKYV (Ours) - % 79.7/79.3 | 71.3/71.0 | 84.6/80.0 | 77.1/72.7 | 78.7/71.7 | 75.8/74.8 | 74.7/72.8
LION-Mamba (Ours) - =~ 79.5/79.1 | 71.1/70.7 | 84.9/80.4 | 77.5/73.2 | 79.7/78.7 | 76.7/75.8 | 75.1/73.2
LION-Mamba-L (Ours) - 80.3/79.9 | 72.0/71.6 | 85.8/81.4 | 78.5/74.3 | 80.1/79.0 | 77.2/76.2 | 75.9/74.0

Table 1: Performance on the Waymo Open Dataset validation
set (train with 100% training data)




Experiments

Methods Presentat | Frames | Vehicle 3D AP/APH | Pedestrian 3D AP/APH | Cyclist 3D AP/APH | mAP/mAPH
Ll | L2 L1 | L2 L1 | L2 L2

PV-RCNN++} [49] IJCV 22 1 81.6/81.2 | 73.9/73.5 | 80.4/75.0 | 74.1/69.0 | 71.9/70.8 | 69.3/68.2 | 72.4/70.2
AFDetV2 [26] AAAT22 1 —/- - /- /- /- /- 72.2/70.3
PillarNeXt [28] CVPR 23 1 -/~ /- /- /- /- -/- 72.2/69.6
FSD} [17] NeurIPS 22 1 82.7/82.3 | 74.4/74.1 | 82.9/77.9 | 75.9/71.3 | 75.6/74.4 | 72.9/71.8 | 74.4/72.4
PillarNeXt [28] CVPR 23 1 -/~ /- /- —/- /- -/~ ~/72.0

CenterPoint++ [69] CVPR 21 3 82.8/82.3 | 75.5/75.1 | 81.1/78.2 | 75.1/72.4 | 74.4/73.3 | 72.0/71.0 | 74.2/72.8

' CVPR23 5 83.3/82.8 | 762/70.8 [ 84.4/81.4 | 78.8/70.0 | 73.7/72.7 | 71,0706 |
LION-Mamba-L (ours) - 3 84.7/84.3 | 77.2/76.9 | 87.2/84.5 | 82.0/79.3 | 79.2/78.3 | 76.8/75.9 | 78.7/77.4

Table 2: Results of our LION with multiple frames as input on the Waymo Open Dataset test
set



Experiments

Table 2: Performances on the nuScenes validation and test set. ‘T.L.’, ‘C.V.’, ‘Ped.’, ‘M. T, ‘T.C.,
and ’B.R.’ are short for trailer, construction vehicle, pedestrian, motor, traffic cone, and barrier,
respectively. All results are reported without any test-time augmentation and model ensembling.

Performances on the validation set

Method | Presentat | NDS mAP | Car Truck Bus TL. CV. Ped MT Bike TC. BR.
CenterPoint [66] CVPR 21 665 592 | 849 574 707 381 169 851 590 420 698 683
VoxelNeXt [9] CVPR 23 667 605 | 839 555 705 38.1 21.1 846 628 50.0 694 694
Uni3DETR [58] NeurIPS 23 | 685 61.7 - - - - - - - - - -

TransFusion-LiDAR [2] CVPR 22 70.1 655 | 869 608 73.1 434 252 875 729 573 712 703
DSVT [57] CVPR 23 71.1 664 | 874 626 759 421 253 882 748 587 7719 710
HEDNet [68] NeurIPS23 | 714 66.7 | 877 606 778 50.7 289 871 743 568 763 669
LION-RetNet (Ours) - 719 673 | 879 643 787 446 276 889 735 566 792 721
LION-RWKYV (Ours) - 717 668 | 881 590 776 466 280 897 743 562 801 683
LION-Mamba (Ours) - 721 680 879 649 776 444 285 896 756 594 808 716

Performances on the rest set

TransFusion-LiDAR [2] | CVPR 22 702 655 | 862 567 663 588 282 86.1 683 442 820 782
DSVT [57] CVPR 23 727 684 | 868 584 673 63.1 371 88.0 73.0 472 849 784
HEDNet [68] NeurIPS23 | 720 67.7 [ 87.1 565 704 635 336 879 704 448 85.1 78.1
LION-Mamba (Ours) | - | 739 698 | 872 611 689 650 363 90.0 740 492 873 795

Table 3: Performance on the nuScenes validation and test set
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Method §>mmﬁmm0222m<wku>mqwmh2 §33
CenterPoint [69](22.0(67.6 38.9 46.5 16.9 37.4 40.1 32.2 28.6 27.4 33.4 24.5 8.7 25.8 22.6 295224 6339 0.5 20.1 22100 39 05109 4.2
HEDNet [71] 37.1|78.2 47.7 67.6 46.4 45.9 569 67.0 48.7 46.5 58.2 47.5 23.3 40.9 27.5 46.8 279 20.6 6.9 27.2 38.7 21.6 0.0 30.7 9.5 285 8.7
VoxelNeXt [9] [30.7[72.7 38.8 63.2 40.2 40.1 53.9 64.9 44.7 39.4 42.4 40.6 20.1 25.2 19.9 449 20.9 149 6.8 157 324 169 00 144 0.1 174 6.6
FSDv1 [17] 28.2168.1 40.9 59.0 29.0 38.5 41.8 42.6 39.7 26.2 49.0 38.6 20.4 30.5 14.8 41.2 269 11.959 13.8 334 21.1 00 95 7.114.0 9.2
FSDv2 [18] 37.6|77.0 47.6 70.5 43.6 41.5 53.9 58.5 56.8 39.0 60.7 49.4 28.4 41.9 30.2 449 33.4 16.6 7.3 32.5 459 24.0 1.0 12.6 17.1 26.3 17.2
SAFDNet [70] |39.7(78.5 49.4 70.7 51.5 44.7 65.7 72.3 54.3 49.7 60.8 50.0 31.3 44.9 24.7 55.4 31.4 22.1 7.1 31.1 42.7 23.6 0.0 26.1 1.4 30.2 11.5
LION-RetNet 40.7174.7 41.0 72.7 47.5 44.2 66.9 77.0 57.1 48.3 63.7 55.1 27.0 42.5 25.2 57.9 29.7 22.0 6.9 393 47.3 19.9 0.0 28.8 12.8 37.7 12.6
LION-RWKV (41.1(76.3 44.6 74.0 52.1 46.0 68.1 75.8 55.8 49.4 62.8 55.3 27.1 42.9 25.9 60.1 30.9 22.2 9.3 36.555.32320.0278 7.1376114
LION-Mamba (41.5|75.1 43.6 73.9 53.9 45.1 66.4 74.7 61.3 48.7 65.1 56.2 21.7 42.7 25.3 584 289 23.6 8.3 49.5 47.3 19.0 0.0 31.4 8.7 37.6 11.8

Table 4: Performance on the Argoverse V2 validation set
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Experiments

Vehicle Pedestrian Cyclist

Method overall 0-30m 30-50m 50m-inf | overall 0-30m 30-50m 50m-inf | overall 0-30m 30-50m 50m-inf mAP
PointRCNN [50] 52.1 74.5 40.9 16.8 4.3 6.2 2.4 0.9 29.8 46.0 20.9 5.5 28.7
PointPillars [27] 68.6 80.9 62.1 47.0 17.6 19.7 15.2 10.2 46.8 58.3 40.3 25.9 443
SECOND [63] 71.2 84.0 63.0 47.3 264 29.3 24.1 18.1 58.0 70.0 524 34.6 51.9
PV-RCNN [48] 77.8 894 72.6 58.6 23.5 25.6 22.8 17.3 594 71.7 52.6 36.2 53.6

CenterPoint [69] 66.8 80.1 59.6 43.4 499 56.2 42.6 26.3 63.5 74.3 57.9 41.5 60.1
PointPainting [57] 66.2 80.3 59.8 42.3 44.8 52.6 36.6 22.5 62.3 73.6 57.2 40.4 57.8

LION-RetNet 78.1 88.7 72.4 58.5 524 60.5 43.6 26.3 68.3 79.4 62.9 46.1 66.3
LION-RWKV 78.3 89.2 72.6 56.7 50.6 60.0 40.4 24.2 68.4 79.4 63.2 45.7 65.8
LION-Mamba 78.2 89.1 72.6 57.5 53.2 62.4 44.0 24.5 68.5 79.2 63.2 47.1 66.6

Table 5: Performance on the ONCE validation set
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Experiments

Car Pedestrian Cyclist

Method Easy | Moderate | Hard | Easy | Moderate | Hard | Easy | Moderate | Hard
VoxelNet [75] 77.5 65.1 577 | 39.5 33.7 315 | 61.2 48.4 444 | 51.0
SECOND [63] 83.1 73.7 66.2 | 51.1 42.6 37.3 | 70.5 53.9 46.9 | 584

PointPillars [27] 79.1 75.0 68.3 | 52.1 43.5 415 | 75.8 59.1 529 | 60.8
PointRCNN [50] 85.9 75.8 68.3 | 494 41.8 38.6 | 73.9 59.6 536 | 60.8
TANet [34] 83.8 75.4 67.7 | 54.9 46.7 424 | 738 59.9 535 | 62.0
DSVT-Pillar* [60] | 87.3 77.4 76.2 | 614 56.8 51.8 | 823 67.1 63.7 | 69.3
DSVT-Voxel* [60] | 87.8 77.8 76.8 | 66.1 59.7 55.2 | 835 66.7 63.2 | 70.8

LION-TTT 87.9 78.0 76.7 | 634 58.6 53.7 | 84.0 69.6 64.5 | 70.7
LION-xLSTM 87.7 71.9 76.8 | 66.6 59.3 54.0 | 824 67.4 634 | 70.6
LION-RetNet 88.0 77.9 76.7 | 67.4 60.2 55.8 | 83.6 69.6 64.6 | 71.5
LION-Mamba 88.6 78.3 772 | 67.2 60.2 55.6 | 83.0 68.6 639 | 714
LION-RWKV 88.5 78.3 7711 | 68.9 62.2 58.1 | 89.6 71.2 66.9 | 734

Table 5: Performance on the KITTI validation set
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Ablation Study

Large Group Size 3D Spatial Feature Descriptor Voxel Generation Vehicle 3‘D I‘;IZQS_I;PELZ‘) Cyclist mAE(’I/_‘rg;APH
- - - 65.6/65.2 72.3/65.0 68.3/67.2 68.8/65.8
v - - 66.2/65.7 73.7167.2 68.7/67.6 69.5/66.9
v v - 66.5/66.1 74.8/69.6 70.9/70.0 70.8/68.6
v - v 66.4/66.0 73.5/67.4 70.4/69.3 70.1/67.6
v v v 67.0/66.6 75.4/70.2 71.9/71.0 71.4/69.3
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Thanks for your listening!

Open-sourced Code

Page : https://happinesslz.github.io/projects/LION/

Code: https://github.com/happinessiz/LION
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