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- Country & City If training on £ trnining o If training on Evaluation of 2D object detection (middle column, bottom) and 3D object

Different countries, regions Deal with rare objects, corner cases S Karlsruhe, /~ Singapore 33 Areoee uSeenes Waymo detection methods (right column, top). Each table shows the evaluation results

C ial Street German Miami, Florida 74 o L . . .
. . . e S 309 Washingion, DC. 33 S aiing on _ unseen Ifiraining on aseen of open-world methods (top), specialized methods (middle), and ensemble
and sensor configuration without user prompt Tunn i , [ Pittsburgh, Pennsylvania 94 (JUSALNSS KITTI 022 [ ONCE 7204 seen nuse others
T Industal izt USA— - Detvoi, Michigan 32 1890 s 12,557 methods (bottom) on the OpenAD benchmark. AR™>“and AR demonstrate
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Domain generalization Open-ended Expressuay  Alleyways 15 o baugﬁn;w;y‘)mla unseen, [ the in-domain and out-domain capabilities, respectively. AR ..., and AR een
Boston, Massach 101 10,165 9,596 ; . _— : :
Suburbar Roads U Uon 250 10705 showcase the detection abilities for common objects and rare objects,
Motivation & Our Contribution: 1) Statisics for 2.000 Scencs in OpenaD by Statistics for 19,761 Obiects n OpenAD respectively. General-Specialized Fusion is implemented using NMS.
» Lack of 3D perception benchmark: We propose the first realworld autonomous . Method Modality ~ Backbone/Base-model | APt ARt ATE| ASE| [ ARIES T ARRSC T ARIISS T ARJES 1
drivi b h Kk f 3D Id obiect detecti d desi Co nstru ctl O n Of O pe nAD OpenAD-G C GenerateU 601 1290 1342 0.504 11.35 3.64 15.18 3.71
rivin encnmark rtor open-worid opject aetection, and we design a OpenAD-Y C YOLOWorld 626 13.89 1.338 0.487 14.64 7.18 18.79 3.53
9 P J ’ 9 FnP L SECOND 8.85 1897 0.848 0493 | 1849 10.82 23.42 7.47
i i i I I I I I- I I I I OpenAD-G LC GenerateU 15.14 3446 1.056 0.649 14.54 11.15 26.48 16.95
labeling pipeline integrated with MLLM. OpenAD is built upon a semi-automated MLLM corner case discovery and annotation pipeline. e s LC Seneratel) I5.14 34d0 105 0649 | 14.54 112 26.48 16.95
_ . . = 3 _ . - ~ BEVDet [27] C ResNet50 942 15.63 1.183 0438 | 36.46 0.00 14.11 0.00
« Lack of open world 3D perceptlon methods: We Propose a novel vision-centric f MLLM Abnormal Filter A p N N MLLM Semantics and Object: { BEVFormer C ResNet50 10.08 1936 1.125 0.440 | 39.38 0.00 15.85 0.00
. : “ " - ‘class’: *dog’, BEVFormer C ResNet101-DCN 1443 22773 0978 0444 | 51.86 0.00 16.59 0.03
framework for 3D open-world perception, and further enhance its e bounding box and may affeet dving? I o, leas amer Manual Manual s OES e 0 O ealse BEVDepth4D C ResNet50 1233 2070 1118 0480 | 39.75 0.00 17.94 0.02
] . . . . ‘yes’ and give the spcci'ﬁc object. If not, please reply ‘no’. anua anua This irpugc was taken i.n a traffic environment. What is the M 1 ‘once’: False, BEVStereo C ResNet50 11.12 18.27 1.133 0.431 36.73 0.00 16.21 0.00
com prehenswe abilities through GeneraI-SpemaIlzed Fusion. » Scene | 2D Box i ticctin the ed bouzding bor ansuerby 2t most 3 vords, anta i False, BEVStereo C VovNetv2-99 1058 16.03 1.118 0.388 | 51.69 0.00 13.05 0.01
- . il R Dog. Correction wayimo: Falss, HENet C Vov2-99 + R50 11.58 17.48 1.070 0.386 | 52.02 0.00 14.65 0.01
T T Do you thinkhis object belongs to any of {car, pedestrian, | SparseBEV C ResNet50 761 1697 1.142 0435 | 60.04 0.00 7.48 0.02
m directly ahead seems worthy of \ / \ / cyclist}? Among lh?:d:il;:flue:ﬂl](; ?.(])la]:;(?l'or vehicles that can ) SparSGBEV C VovNetv2-99 7.64 16.93 1.103 0.431 61.36 0.00 7.09 0.01
. \_ ) BEVFormer v2 C ResNet50 1464 3313 1.064 0554 | 56.63 0.00 27.16 0.08
Pro ertle S Of O en AD \_ R Centerpoint L SECOND 1379 2679 0.667 0499 | 44.23 0.00 11.42 0.04
p p 1 P TransFusion-L L SECOND 14.64 34.02 0.653 0.655 | 52.18 0.00 24.02 0.00
g Unsupervised BEVFusion LC SECOND + Dual-Swin-T | 15.57 33.50 0.730 0.449 59.93 0.00 20.64 0.00
. . > Potiizalou Manual 3D Box OpenAD-Ens C OpenAD-Y + HENet 1236 2432 1.176 0420 | 54.16 7.18 2337 3.53
Examples of corner case ObjeCtS 1p OpenAD. . Fine-tuning OpenAD-Ens LC FnP + BEVFusion 16.19 42.08 0.776 0458 | 61.74 10.82 28.40 7.47
i “ . ey _ \ Clustering OpenAD-Ens LC OpenAD-Y + BEVFusion | 16.22 47.12 0.851 0.511 62.69 12.05 35.62 13.60
. . _,_F: B TR )t g ---I. ' l OpenAD-Ens LC  OpenAD-G + BEVFusion | 16.30 48.25 0.858 0.520 | 64.84 10.59 39.11 16.85
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MaskRCNN (V2-99

Baseline Method of OpenAD

After obtaining 2D proposals from any frozen open-world 2D object detection model, we train a
2D-t0-3D Bbox Converter to predict 3D bounding boxes. It is lightweight and easy to train
across datasets because each 3D object serves as a data point when training.
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Datasets Sensors Real Temporal Scenes Classes Instances GroundTruth Bbox During Training DG Ebox
GTACrash [31] Cam. X (74 7,720 | 24K* Bbox(2D) E . t
StreetHazards Cam. X v 1,500 | 1.5K* Sem. mask(2D) ik '
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Synthetic Crosswalks Cam. X X 20,000 1 20K Bbox(2D) Method Backbone/Base-model APT ART ATE| ASE] | ARICT ARIC 4 AROMes 1 ARothers
CARLA-WildLife Cam. Depth X v 26 18 65 Inst. mask(2D) GLIP [34] Swin-L 714 1601 6581 0.1352 | 1.83 1.8 2.33 1.05 | , ._
MUAD Cam. Depth X X 4,641 9 30K Sem. mask(2D) VL-SAM ViT-H 8.46 17.50 6.630 0.1355 9.66 5.41 9.13 3.43 £ T b B
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YouTubeCrash [31] Cam. v v 2,400 [ [2K* Bbox(2D) GenerateU Swin-L 9.77 2175 6743 0.1360 | 12.74 7.18 18.79 731 ' , oo . i
RoadAnomaly?21 Cam. 4 X 110 1 0.1K* Sem. mask(2D) YOLO-World v2 YOLOV8-X 1020 2346 7489 0.1397 | 18.68 10.16 20.61 727 ' - i : - :
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Vistas-NP[21] Cam. v X 11.167 4 L1K* Sem. mask(2D) MaskRCNN [24] ResNet50 1276 20.07 6.126 0.1359 | 27.77 0.00 23.41 0.07 ; _ W i /
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. y DETR ResNet50 1246 2035 6.066 0.1346 | 28.27 0.00 21.35 0.03 W g i =L e g |
Fishyscapes[4] Cam. v X 375 1 0.5K Sem. mask(2D) DINO [11] R by Vi %y | Ll Sy W MRy
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RoadObstacle21[12] Cam. 4 v 412 1 NS Sem. mask(2D) Co-DETR ResNet50 1565 24.63 5421 0.270 | 38.82 0.00 27.96 0.03
BDD-Anomaly[25] Cam. v X 810 3 4.5K Sem. mask(2D) Co-DETR Swin-L 1621 27.76 5.386 0.1287 | 45.41 0.00 26.14 0.01 Ack led t
CODA[33] Cam. Lidar ¢/ v 1,500 34 5.9K Bbox(2D) OpenAD-Ens YOLO-world + MaskRCNN(V2-99) | 13.28 29.74 6.726 0.1409 | 33.30 10.05 26.92 720 cknowledgements
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