YiELAAE v EEAESE DriveMamba: Task-Centric Scalable State Space Model

SHANGHAI]IAOTONGUNIVERSITY ’ Shanghai Innovation Institute for EfﬁCient End_tO_End Autonom()us Driving I c I R
r% =74 Haisheng Su', Wei Wu?, Feixiang Song?, Junjie Zhang?, Zhenjie Yang!, Junchi Yan'3 ¥ - - =
SenseAuto

IShanghai Jiao Tong University “SenseAuto 3 Shanghai Innovation Institute “ Corresponding Author

Design of DriveMamba Experimental Results

_ Motivation » Framework » Quantative Results on nuScenes dataset
Sparse Query Set
v 77 : annin etection appin rediction L2 (m) ‘L Collision (%) *L
o | e " ) (o (R O e () O e v Qe Method s 3 3 (Al bz s A T
Multiview  Dense BEV Long-term Memory (X) - Scalabiity (X) | “Mticview  Spatia Long e Mmory (7] Scuaity () | Mottt — ) [ ST-P3 [11] 133 211 290 211 | 023 062 127 071 1.6
e | texioses(y] mdsglgl) Jess e Task Relation (/] - Efficiency (/] ‘ [ Unified Mamba Decoder ] [ T 1 | T — | OccNet [40] 1.29 213 299 213 | 021 059 137 0.72 -
(a) BEV-Centric Sequential Transformer Paradigm (b) Query-Centric Sequential Transformer Paradigm ) < UniAD [12] 048 0.74 1.07 0.76 0.12 0.13 0.28 0.17 1.8
= SEEO | — - Task Query e . . 5 , , — — — — W VAD-Base [17] 041 070 105 072 | 007 017 041 022 4.5
-- [l i e | 2, 1 O000; |, ohmmime S | 1¢ ¢ , 0¢ 1¢ 3 d] 1¢ 2¢ 3¢ ¢ ¢ Mot BEVPlanner [22] 027 054 090 057 | 004 035 1.80 0.73 i
2 : g —— ] — — - lie—— M 200 L R L | DriveMamba-Tiny (Ours) 025 042 066 044 | 012 009 024 015 | 17.9
o Al lzsae) A ANG—— R~ ~ O000000o000O el e AT DriveMamba-Small (Ours) | 0.23 040 0.64 042 | 006 007 022 012 | 111
Multi-view e st . MIurlrg-gV;:W Ii};étl;iis k | = ; [ A ——> FIFO Queue t | | 1 | | s | | 1 I | 1 E DriveMamba-Base (Olll' S) 0.22 040 0.63 0.41 0.05 0.06 0.21 0.11 6.1
e peaes R it | ) e Me‘“‘_”” S“‘“‘."‘“‘y , [mage & Task Tokenization ; Forward Scan Backward Scan DriveMamba-Large (Ours) | 0.21 038 0.62 040 | 0.01 0.04 021 0.09 1.7
Task Relation Efficiency History Memory Queue Task Relation Efficiency | |
(©) BEV—Cent.ric Parallel Transforrrier Paradigm (.d) Task-Centric Scalal.)le Mamba Paradigm ( a) DriveMamba (b) Hbe'l d Sp atiot emp oral Scan AD-MLP [49]i ; 0.20 0.26 0.41 0.29 0.17 0.18 0.24 0.19 -
v Sequenhal pqrqdlgms suffer from information loss and > Diff t bidi 4 | +hod BEVPlanner++ [22] 016 032 057 035 | 000 029 073 034 -
cumulative errors and hinder the task svneraies learnin ITTerent bidirecrional scan metnods SparseDrive-B [39]* 029 055 091 058 | 001 0.2 013 0.06 7.3
) . ) ynerg 9 X/S X/5 ParaDrive [43]} 025 046 074 048 | 0.14 023 039 025 4.2
(e.g. diverse and flexible task relations). - | DriveTransformer-Small [16]* | 0.19 033 066 039 | 001 007 021 010 | 107
I n d I d l \ DrlveMamba-Tlny;t (Ours) 0.19 035 059 038 | 0.07 0.09 024 0.13 17 9
ong-term and lohg-range modeling. o - 7 DriveMamba-Small* (Ours) | 0.18 033 056 036 | 003 005 0.17 008 | 11.1
v’ Existing Query-Centric paradigms have limited scalability A > v v DriveMamba—Base*i(Ours) 0.17 033 054 035 | 002 004 017 0.07 6.1
owing to quadr,aﬁc_complexi.ry attention and insufficien’r ) DriveMamba-Large™ (Ours) 016 030 052 033 | 0.00 0.03 0.16 0.06 1.7
. . . N TN . .
interaction order for downstream ego-planning. C A » Quantative Results on Bench2Drive dataset
( ) C OnTr'l bu_'_ on: N Method Open-loop Metric _ Closed-loop Metrics. Latency
l< < Avg. L2 (m) | Driving Score T Success Rate (%) t  Efficiency T Comfortness 1 (ms)
v A TGSk-CenTr‘lc pClr'Cldlgm for' end"TO"end autonomous (@) Horizontal/Spatial Vertical /Temporal - Ego—L2G (d) Trajectory — L2G | G&Nggﬁjﬂm (3)3431 igg? 1()69306 f4289'f1251 fégg 62.394
dr'ivi ng WhiCh I nTegrtCﬂ'eS view Coppespondence Iearning Y _First Bidirectional * ’—First Bidirectional Bidirectional Bidirectional ]\E]AII)Jégl[M] 82; 461(2);3 ;igg 13(7)24; 46.01 28708.53
/ . . . / . . go : : . ; - .
task relation modeling and long-term temporal fusion » Comparisons between Transformer-based E2E-AD and DriveMamba  _DriveTransformer-Large [16] 62 63416 3501 100,64 20478 2117
. P . . . e DriveMamba-Tiny (Ours) 0.77 53.54 2121 137.88 20.55 55.8
into a Unified framework with hlgh efflcuency and .2 _ o B DriveMamba-Tiny [l VAD-Tiny DriveMarmba- Small (Ou:'s) 0.75 60.78 31.82 150.46 16.52 90.2
.- . ST sl ” ol DriveMamba-Base (Ours) 0.71 65.50 36.82 158.33 21.51 164.3
S CC(I Gbl I ITY s 3 @ - DriveMamba-Large (Ours) 0.70 66.82 37.73 152.91 18.77 599.1
v A Hybrid SpatioTemporal Scan method to capture task- HER B )
related inter-dependencies from trajectory-quided D e , | g o8 > Qualitative E li.' !
"Local-to-Global" and "Spatial-to-Temporal” - | - b | LB Lo Results .I'i"
. . . - - go.7 q 5 | !
bidirectionally. - - - : IR0
v SOTA per'formance achieved on both OPZH-IOOP and " e sk e 7 we 10 e 5 o T T | i | ':,
Resolution (height) Resolution (height) : ' |

C l 0S ed - I 00 p p I ann | ng eval ua'r | on (6-9 . nu S cenes and B 2 D). (a) Speed Comparison (b) GPU Memory Comparison (c) Performance Comparison



