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013 1' Introductlon Sensor Qty. Resolution Configuration Manufacturer/Model 067
014 068
015 In the supplementary material, we show additional statis- ?je;‘i‘i}:l‘;e' 10 Hz capture. 069
016 tics on the proposed dataset classes and expansion of the re- LiDAR 1 1024 channel X Y2 Intensity, Ouster OS1 sensor 070
017 sults for both 3D object detection and multi-object tracking. (horizontal)  Renectivity, Range 071
018 Fl.lrthermore, the accompanying Vl.deo. and point .cloud data Camera 6  2048x 1536 ?Sy;?if;;fgm“ E{‘ﬁﬁf‘kﬂy 5. 072
019 with the supplementary material highlights the LiDAR data UC Series 073
020 collection process of the vehicle for one of the raw data se- Lens 6 Fixed focal length  Edmund optics 074
. . . . 12/25mm
021 quences available. We perform point cloud registration and G-Star IV 075
022 odometry on the data and show the reconstructed environ- GPS 1 BU-353-S4 sensor ~ GlobalSat 076
023 ment as the ego-vehicle travels. We use the method pro- i “1Hz i 077
024 vided in [1] for reconstruction of the scene and provide the Tab?e 1. Available sensors on-board the Vehlclf.: used for dat.a co.l- 078
025 point cloud file which was generated as output for the static lectlgn. The description o.f each sensor a_nd 1.ts conf_iguratlon is 079
. . . provided in the dataset section. The resolution is mentioned wher-
026 backgroiund environment. A s,a mple image of the trajectory ever applicable. The arrangement of the sensors is highlighted in 080
027 and environment can be seen in fig 1. Fig. 5 in the main paper. 081
028 082
029 083
030 3. Dataset Statistics 084
031 In addition to the fig. 6 and 7 in the paper, we provide the 085
032 distribution of number of bounding boxes for each category 086
033 in the dataset in figure 3. We also provide the distribution 087
034 of distances of each annotated bounding box per category 088
035 for the fraction of the frames in figure 2. These statistics 089
036 provide a deeper understanding of the dataset structure and 090
037 understanding of the experimental results. 091
038 092
039 4. Additional Results 093
040 Figure 1. Generated trajectory from the LiDAR point clouds for 094
041 one of the sequences of the dataset. We discuss the extensions of the results from the exper- 095
042 iments reported in the main paper in the following section 096
043 for the tasks of 3D object detection and tracking and outline 097
044 a few points towards the performance of the models. 098
g:g 2. Sensor Configuration 4.1. 3D Object Detection ?33
047 In Table 2 we show the details of the sensors used for the In continuation of the results reported in Table 1, 2, and 3 101
048 current data collection. The ego-vehicle is equipped with in the main paper, we show the expansion of results across 102
049 6 RGB cameras which provide high-resolution visual infor- all categories on each distance bucket for the models pre- 103
050 mation from around the vehicle, the 64-channel LiDAR for pared in Table 7. While we still arrive at the conclusion 104
051 dense point clouds and a GPS sensor for registering the lo- that CenterPoint provides better mAP scores on the maxi- 105
052 cation of vehicle. The information for the same has been mum cases, we observe that CenterPoint approach performs 106
053 discussed in Section 3.1 in the main paper. better for objects which are closer to the ego-vehicle and 107
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108 usually perform worse than other methods for the distance dataset, we hope to provide a step in the positive direction 162
109 buckets which are far. This could be attributed to the fact to bridge this gap. 163
110 that point cloud density per object decreases as we move 164
i far and that affects CenterPoint approach since it follows 5. Dataset Samples 165
2 prediction of centers for each point for object detection. ) 166
113 . . .o . We further provide samples from the dataset such as the 167
Another interesting observation is that in SECOND ar- R . . . .
114 . . . ones highlighted as interesting cases in figure 2 and 4 (main 168
chitecture, we see better performance on categories which . .
115 , L . paper) to extend the visual understanding of the reader. We 169
won’t get affected significantly when voxelized such as Cars . . . .
116 . . . show samples with BEV (Bird-Eye-View) annotations and 170
and Buses. When the objects in Pedestrian category are . .
117 . .. . . some of the corresponding camera images for some samples 171
voxelized, a significant amount of low-level information . ) .
118 . of interest in figure 4. Another set of image samples for spe- 172
119 may be lost making the model prone to more errors. Hence, cific classes are additionally provided in the supplementary 173
the performance gap in SECOND compared to both Center- .
120 . . material. 174
Point and PointPillars.
121 175
' 42.3D Multi-Object Tracking References 176
1 . . 177
124 We report the same table from the main paper in Table 2, [1} Kenny Chen, Brett T'. LOpe.Z , Ali-akbar Agha_m()han.lmz}dl’ 178
1 ith th Its for 3D-MOT (Multi-Obiect Tracki and Ankur Mehta. Direct lidar odometry: Fast localization
125 along with the results or>u- (Multi-Object Trac .lng) with dense point clouds. IEEE Robotics and Automation Let- 179
126 for the other detectqrs in Tables 3, 5, 4, and 6. We notice a ters, 7(2):2000-2007, 2022. 1 180
127 lower performance in the Van category due to the low fre- 181
128 quency of occurrence of the class in the dataset. We also 182
129 observe the differences in the models based on the AMOTA 183
130 and AMOTP scores. While the tracking method used for all 184
131 the tables has been the same (SimpleTrack), we notice some 185
132 differences in category specific performance in some of the 186
133 models. For example, for the Pedestrian category, while the 187
134 CenterPoint approach shows higher AP score compared to 188
135 SECOND, we see that the SECOND approach reports bet- 189
136 ter tracking results. This could be attributed to the fact that 190
137 SECOND reports more false postive bounding boxes for the 191
138 Pedestrian class, and due to the strict NMS (Non-maximal 192
139 supression) threshold in the SimpleTrack, most of these are 193
140 either removed of stabilized across frames, hence result- 194
141 ing in a minor improvement in performance. However, the 195
142 overall AMOTA score for SECOND is still lower that Cen- 196
143 terPoints due to the performance degradation in other cat- 197
144 egories. This is majorly due to the detection performance 198
145 that objects with sparser points are not handled well with 199
146 the SECOND approach. 200
147 We also note that the Van category in the PointPillars ap- 201
148 proach has been removed but still contributes to the result 202
149 average. The category reports "NaN” performances due to 203
150 the lack of required number of predictions and hence did not 204
151 get allocated to any predicted tracklets. Furthermore, we 205
152 objserve the number of false alarms per frame (Faf) is the 206
153 lowest for centerpoints pre-trained with nuscenes dataset. 207
154 We further provide all the plots and metrics from the ex- 208
155 periments in the accompanying directory in the supplemen- 209
156 tary data namely tracking results. The results from these 210
157 popular approaches show that there is significant scope for 211
158 improvement in the benchmarks present in the proposed 212
159 dataset and that current approaches are not best suited for 213
160 a general approach, especially in cases with variations in 214
161 traffic density such as Indian road scenarios. Through this 215
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216 270
217 271
218 Category AMOTA AMOTP Recall MOTAR MOTP MOTA lgd tid faf 272
219 273
220 Bus 0.831 0.679 0.812 0.907 0.589 0.736 3.045 2.659 13.805 274
221 Car 0.641 0.726 0.667 0.787 0.518 0.521 3422  2.035 44.806 275
222 Motorcycle 0.202 0.826 0.242 0.941 0.356 0.228 2.000 2.000 2.321 276
223 MotorcyleRider 0.507 0.735 0.496 0.801 0.320 0.390 5.027 2.585 36410 277
224 Pedestrian 0.254 0912 0.319 0.737 0.363 0.225 9918 6.731 34.557 278
225 Scooter 0.250 0.494 0.323 1.000 0.092 0.323 0.000  0.000 0.000 279
226 ScooterRider 0.540 0.536 0.581 0.742 0.258 0.427 3.868 2274 35.251 280
227 TourCar 0.796 0.433 0.848 0.821 0.351 0.692 2.877 1.034 48.866 281
228 Truck 0.701 0.635 0.675 0.903 0.403 0.607 5.108  2.676 17.796 282
229 Van 0.000 1.677 0.275 0.000 0.563 0.000 14.500 0.000 75.163 283
230 Overall 0.472 0.765 0.524 0.764 0.381 0.415 4977  2.199 30.898 284
231 Table 2. Tracking (3D-MOT) results on the proposed dataset for Centerpoints method pre-trained with the nuScenes dataset. 285
232 286
233 287
234 288
235 289
236 Category AMOTA AMOTP Recall MOTAR MOTA MOTP lgd tid faf 290
237 291
238 Bus 0.775 0.887 0.825 0.822 0.675 0.691 4380 2960 27.190 292
239 Car 0.641 0.775 0.691 0.766 0.525 0.558 3373  2.115 51.056 203
240 Motorcycle 0.166 1.035 0.231 0.981 0.227 0.324 3375 3.125 0.725 204
a1 MotorcyleRider 0.480 0.730 0.520 0.759 0.383 0.337 4781 2204 45.556 205
242 Pedestrian 0.281 0.851 0.356 0.726 0.248 0.369 9.304 5.373  40.096 206
243 Scooter 0.383 0.447 0.361 1.000 0.361 0.122 2.750  2.750 0.000 297
244 ScooterRider 0.575 0.570 0.540 0.887 0.474 0.298 3286 2214 14.520 208
245 TourCar 0.780 0.443 0.808 0.840 0.673 0.350 3.848 1.201 43.006 209
246 Truck 0.671 0.634 0.730 0.760 0.553 0.451 4.628 2395 42.224 300
247 Van 0.000 1.753 0.275 0.000 0.000 0.763  14.500 0.000 52.381 301
248 Overall 0.475 0.812 0.534 0.754 0.412 0.426 5422 2434 31.675 302
249 Table 3. Tracking (3D-MOT) results on the proposed dataset for Centerpoints method only trained on the proposed dataset. 303
250 304
251 305
252 306
253 307
254 Category AMOTA AMOTP Recall MOTAR MOTA MOTP  lgd tid faf 308
255 309
256 Bus 0.655 1.037 0.672 0.919 0.614 0.683 8.708 7.604 10.045 310
257 Car 0.607 0.891 0.668 0.778 0.515 0.564 3.738 2.040  45.625 311
258 Motorcycle 0.214 1.305 0.237 0.874 0.206 0.317 5.750 4.417 4.671 312
259 MotorcyleRider 0.429 0.992 0.420 0.825 0.339 0.323 6.199  3.029 26.982 313
260 Pedestrian 0.379 0.870 0.406 0.763 0.304 0.366 7.136  4.907 40.123 314
261 Scooter 0.285 0.991 0.323 1.000 0.323 0.110 0.000  0.000 0.000 315
262 ScooterRider 0.447 1.070 0.461 0.838 0.379 0.273 8.667  5.009 17.997 316
263 TourCar 0.725 0.619 0.714 0.887 0.628 0.333 6.294  2.825 27.187 317
264 Truck 0.633 0.758 0.670 0.822 0.550 0.427 4368 2.763 31.275 318
265 Van 0.000 1.840 0.175 0.000 0.000 0.720  16.500 0.000 103.460 319
266 Overall 0.437 1.037 0.474 0.771 0.386 0.412 6.736  3.259 30.736 320
267 Table 4. Tracking (3D-MOT) results on the proposed dataset for SECOND without any pre-training. 321
268 322
269 323
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324 378
325 379
326 380
327 381
328 382
329 383
330 384
331 Category AMOTA AMOTP Recall MOTAR MOTA MOTP lgd tid faf 385
332 Bus 0.722 0.856 0.716 0.909 0.649 0.577 7.771  6.688 11.765 386
333 Car 0.597 0917 0.668 0.750 0.495 0.567 4.023 2.004 51.263 387
334 Motorcycle 0.164 1.301 0.215 0.903 0.194 0.324 3.500 3.500 3.327 388
335 MotorcyleRider 0.385 1.037 0.457 0.697 0.305 0.338 6.493 3421 49.066 389
336 Pedestrian 0.350 0.863 0.398 0.687 0.268 0.355 7.507 5.035 51.287 390
337 Scooter 0.250 1.212 0.323 1.000 0.323 0.100 0.000  0.000 0.000 391
338 ScooterRider 0.419 1.107 0.435 0.858 0.370 0.260 8.769 4962 14952 392
339 TourCar 0.751 0.560 0.733 0.898 0.655 0.307 5.441 2.495 24.896 393
340 Truck 0.630 0.766 0.644 0.829 0.531 0.414 5.263 2.776 29.618 394
341 Van 0.000 1.665 0.275 0.000 0.000 0.513 14.500 0.000 66.942 395
- Overall 0427 1028 048 0753 0379 0375 6327 3088 30312 o
344 Table 5. Tracking (3D-MOT) results on the proposed dataset for SECOND method pre-trained on the KITTI dataset. 308
345 399
346 400
347 401
348 402
349 403
350 404
351 405
352 406
353 407
354 408
355 409
356 410
357 411
358 Category AMOTA AMOTP Recall MOTAR MOTA MOTP lgd tid faf 412
359 Bus 0.663 0.884 0.677 0.948 0.640 0.582 8.854  7.229 6.729 M3
360 Car 0.585 0911 0.641 0.761 0.484 0.565 4.168 2475 46.987 M4
361 Motorcycle 0.108 1.307 0.152 0.986 0.149 0.285 2.000 0.500 0.362 45
362 MotorcyleRider 0.338 1.097 0.407 0.705 0.275 0.367 6.960 3.337 43.115 416
363 Pedestrian 0.326 0.896 0.320 0.811 0.256 0.311 7.305 4.229 25.784 a7
364 Scooter 0.250 1.277 0.323 1.000 0.323 0.118 0.000  0.000 0.000 418
365 ScooterRider 0.356 1.154 0.341 0.845 0.285 0.245 10.757 6.486 12.747 49
366 TourCar 0.724 0.618 0.737 0.876 0.639 0.334 5.200 2.470 30.785 420
367 Truck 0.561 0.919 0.569 0.847 0.479 0.410 9.029 5.676 23.003 421
368 Van - _ _ - - _ - - - 422
369 423
370 Overall 0.391 1.106 0.417 0.778 0.353 0.522 7.427 5.240 68.951 424
371 Table 6. Tracking (3D-MOT) results on the proposed dataset for the Pointpillar method. 425
372 426
373 427
374 428
375 429
376 430
377 431
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Figure 2. Distribution of distances of the annotated bounding boxes with respect to the fraction of frames in the dataset. The plots are

category specific in the above figures.
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Figure 3. Distribution of bounding boxes annotated for each category in the dataset and the densities for number of boxes with respect to 4
the fraction of frames in the dataset. 645
646
647
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648 702
649 703
650 . 704
651 Category / Method Distance CenterPoint CenterPoint SECOND SECOND PointPillar 705
652 (nuScenes) (KITTI) 706
653 Overall 65.28 66.97 68.89 68.50 67.77 707
654 Car 0-10m 81.75 77.59 84.79 84.62 83.86 708
655 10-25m 64.45 66.36 67.32 67.94 67.49 709
656 >25m 18.14 23.15 25.07 23.94 26.17 710
657 Overall 59.09 78.47 59.12 49.69 43.70 711
658 Bus 0-10m 76.55 88.42 82.43 67.41 54.83 712
659 10-25m 60.09 80.58 56.22 47.84 43.10 713
660 >25m 24.04 32.24 22.94 16.22 11.89 714
661 Overall 68.79 72.18 65.11 68.09 63.68 715
662 Truck 0-10m 88.87 92.04 84.43 93.44 88.43 716
663 10-25m 60.65 66.22 53.98 58.77 53.84 717
664 >25m 23.43 23.63 28.60 24.16 24.96 718
665 Overall 9.58 12.71 1.27 15.77 0.14 719
666 Van 0-10m 0.0 0.0 0.00 0.00 0.00 720
667 10-25m 12.99 14.36 2.40 19.85 0.33 721
668 >25m 0.0 0.0 0.00 0.00 0.00 722
669 Overall 76.94 77.40 74.81 77.02 72.80 723
670 TourCar 0-10m 88.94 87.63 86.17 88.52 85.93 724
671 10-25m 76.38 7717 74.90 74.89 70.63 725
672 >25m 33.85 40.44 40.86 42.69 39.37 726
673 Overall 28.60 22.49 19.54 23.74 22.72 727
674 Pedestrian 0-10m 44.89 33.85 27.18 33.67 29.34 728
675 10-25m 24.39 19.47 17.61 21.05 20.45 729
676 >25m 3.48 4.48 6.44 5.58 5.45 730
677 Overall 23.65 25.28 21.69 22.79 16.97 731
678 Motorcycle 0-10m 45.04 47.28 33.63 36.05 14.43 732
679 10-25m 17.18 19.55 19.39 20.19 18.86 733
680 >25m 4.72 6.13 3.54 3.48 3.56 734
681 Overall 42.36 38.05 26.98 23.73 16.81 735
682 Scooter 0-10m 40.39 24.22 12.74 0.79 0.25 736
683 10-25m 42.75 39.81 30.81 29.99 22.05 737
684 >25m 1.05 0.51 1.00 0.00 0.00 738
685 Overall 59.29 61.48 53.39 48.90 46.52 739
686 MotorCycleRider 0-10m 78.00 79.40 66.66 63.73 60.30 740
687 10-25m 55.49 57.88 49.49 45.22 42.44 741
688 >25m 12.66 15.73 13.11 11.26 12.09 742
689 Overall 66.33 64.65 52.27 50.62 41.60 743
690 ScooterRider 0-10m 76.36 74.07 59.03 58.90 37.22 744
691 10-25m 68.18 66.72 55.79 53.30 47.97 745
692 >25m 14.62 16.20 8.88 7.39 10.22 746
693 Overall 49.99 51.97 44.31 44.89 39.27 747
694 mAP 0-10m 62.08 60.45 53.71 52.71 45.46 748
695 10-25m 48.26 50.81 42.79 43.90 38.72 749
696 >25m 13.60 16.25 15.04 13.47 13.37 750
697 Table 7. Experimental results on proposed dataset with different popular methods. We report AP scores across different categories on the 751
698 validation set. This table shows the results on all training categories with all distance buckets. The *overall’ distance metric ranges from 752
699 0-30m and is considered based on the distance distribution of objects present in the scene. 753
700 754
701 755
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756 810
757 811
758 812
759 813
760 814
761 815
762 816
763 817
764 818
765 819
766 820
767 821
768 822
769 823
770 824
771 825
772 826
773 827
774 828
775 829
776 830
777 831
778 832
779 833
780 834
781 835
782 836
783 837
784 838
785 839
786 840
787 841
788 842
789 843
790 844
791 845
792 846
793 847
794 848
795 849
796 850
797 851
798 852
799 853
800 854
801 855
802 856
803 Figure 4. Some examples from the dataset showing different traffic scenarios, LIDAR data with annotations, and a sample of LiDAR point 857
804 clouds projected on camera data. 858
805 859
806 860
807 861
808 862
809 863



