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Introduction

While deep learning architectures that fuse
vision and range data for 2D object detection
have thrived in recent years, the corresponding
modalities can degrade in adverse weather or
lighting conditions, ultimately leading to a
drop in performance. Although domain
adaptation methods attempt to bridge the
domain gap between source and target

« We propose new data augmentation tools for
lidar depthmaps: points dropout, additive
point gaussian noise, point scatter.

« We propose to leverage the sensors aleatoric
uncertainty to weigh the foreground regions
In the network’s deep features in roder to
align them using a domain discriminator.

« We propose self-supervision techiques using

domains, they do not readily extend to
heterogeneous data distributions.

Motivation:

Can multimodal methods generalize better .
than unimodal methods on new domains? And

what is the key to accomplish this?

Contribution:

We leverage different uncertainty concepts to .

geometric transformations on the patch-
level. The self-supervised tasks in the target
domain are learned in parallel with the
detection task on the source domain.

We leverage the epistemic uncertainty of the
network post NMS to filter the predictions of
the network. Then, we use these predicted
bounding boxes as labels for a teacher
student, in a mean-teacher paradigm
Extension to multi-target DA.

align th source and target foreground features.

Method

We propose a new framework for multimodal

domain adaptation with 4 contributions:

Results
We show that multimodal DA can outperform
state-of-the-art image only DA methods.

Configuration Clear Day Light Fog Day Dense Fog Day Snow Day Clear Night Mean
Car Ped. RV Car Ped. RV | Car Ped. RV Car Ped. RV | Car Ped. RV /
A Entropy Fusion [16] 818 748 698 | 840 382 58 | 712 500 113 | 780 784 208 | 593 634 227 | 480
B + Max Entropy 816 753 693 | 85.1 406 50 | 722 550 148 | 784 769 131 | 593 628 270 | 484
C + Augmentations 825 759 696 | 827 452 58 | 727 586 137 | 786 787 132 | 576 624 253 | 485
D + Discriminator 810 740 694 | 854 426 16 | 81.7 60.1 144 | 791 775 21.1 | 655 659 305 | 518
E + SSL 82.7 762 744 | 86.1 444 33 | 766 593 137 | 810 787 215 | 688 67.6 348 | 532
F + Domain Balanced 82.7 763 723 | 8.8 510 27 774 618 143 | 808 785 176 | 666 664 375 | 535
Oracle 846 768 743930 525 40 [ 928 746 150 [ 87.0 820 296 | 812 747 493 [ 617 /
Methods Clear Day (*) * — Light Fog Day # — Dense Fog Day * — Snow Day # — Clear Night /
Car Ped. RV | Car Ped. RV | Car Ped. RV | Car Ped RV | Car Ped. RV 4
Unimodal LiDAR Only 572 451 349 | 515 142 02 | 276 20.1 8.1 514 432 93 | 616 500 202 /
without DA RGB Only 798 755 67.7 | 822 392 02 | 709 533 153 | 755 773 195|469 526 16.0 &
RGB Only. large 793 746 660 | 829 405 36 | 714 507 150 | 775 76.1 153 | 423 520 122
Multimodal Entropy Fusion [16] 818 748 698 | 84 382 58 | 712 50 11.3 78 784 208 | 593 634 227
ADDA [22] 798 755 677|835 386 25 |773 545 148 | 751 772 127 | 543 578 225
Unimodal DA RGB. CycleGAN [33] 798 755 67.7 | 855 352 37 | 802 613 142 |756 79.1 215|640 656 283
CyCADA [23] 798 755 67.7 | 828 335 13 | 786 552 151 | 746 775 193|639 66.1 292
Multimodal DA Ours 818 748 698 | 859 450 46 | 810 633 143 | 808 79.7 26.1 | 688 67.7 405
“Oracle Entropy Fusion [16] 81.8 748 698 [ 90.4 555 S [907 779 15 87.2 833 321 | 790 741 497
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Figure 1: Architecture of the proposed model and domain adaptation approaches.
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