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Abstract

To address the opaque decision basis of BEVFormer in fusing multi-camera spatial information and
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historical BEV temporal information, this paper constructs a hierarchical attribution explanation
method for BEVFormer based on the relevance propagation idea of Generic Attention-model Ex-
plainability (GAE). Since BEVFormer has a spatiotemporal multi-stage information propagation
structure that differs from standard Transformers, this paper establishes attribution paths from
detection queries to current BEV features, from current BEV features to image features, and from
current BEV features to historical BEV features. To overcome the difficulty that deformable atten-
tion cannot directly form regular attention matrices, sampling-point-level positive contributions
are mapped to regular BEV grids or image feature spaces by combining sampling weights and their
gradients. Experimental results on the nuScenes dataset show that the proposed method can locate
target-related BEV regions, key camera views, and local historical BEV regions. Faithfulness exper-
iments and single-branch full-masking experiments further indicate that image features mainly
support category and geometric attribute estimation, while historical BEV features play a more sig-
nificant role in velocity estimation and motion continuity preservation.
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Figure 1. Overall workflow of three-stage hierarchical attribution and positive contribution reconstruction
for BEVFormer
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Figure 2. Schematic diagram of deformable attention-dense positive contribution reconstruction process
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Figure 3. Visual comparison of attribution results for the current BEV features detected by the query
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Figure 4. Visual comparison of current BEV attribution results to multi-view image features
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Figure 5. Enlarged view of image feature attribution results from a key perspective
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Figure 6. Visual comparison of attribution results from current BEV features to historical BEV features
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Table 1. Historical BEV branch and image feature branch positive deletion experiment AUC results

1. [152 BEV 9 X 5EGHFIED ZIERMIFRSEIE AUC £R

HBIHFE T2 HH—FbE]  ho—8E] RSkl WA B ]
Ours 0.9908 0.8620 0.9101 0.9484 0.4242
Raw 0.9940 0.9185 0.9486 0.9708 0.6899
Ji 52 BEV ¥
Rollout 0.9896 0.8682 0.9132 0.9516 0.4273
Grad-cam 0.9933 0.9034 0.9388 0.9641 0.6340
Ours 0.9956 0.8853 0.9464 0.9645 0.8890
Raw 0.9963 0.8934 0.9495 0.9710 0.8977
BMGHRAE
Rollout 0.9971 0.8970 0.9476 0.9690 0.8905
Grad-cam 0.9970 0.9025 0.9508 0.9638 0.8789

Table 2. Historical BEV branch and image feature branch negative deletion experiment AUC results

5% 2. [A% BEV X S5EIR4FIE S X S EMIERSCIE AUC 53R

PBIHFE ik FH—FEt e—BE Y RSBt TS b R
Ours 1.0000 0.9960 0.9924 0.9966 0.9870
) Raw 0.9970 0.9268 0.9559 0.9740 0.7449
Ji 52 BEV ¥
Rollout 0.9999 0.9922 0.9903 0.9959 0.9814
Grad-cam 0.9996 0.9501 0.9654 0.9844 0.7929
Ours 1.0000 0.9974 0.9962 0.9983 0.9950
. Raw 1.0000 0.9924 0.9913 0.9954 0.9862
BMGHRE
Rollout 0.9999 0.9821 0.9891 0.9958 0.9777
Grad-cam 1.0000 0.9866 0.9885 0.9897 0.9704

MEE 1T ATBVE Y, EIEFNBRSRIG A SCITIRAE D 52 BEV RRAESEN N At . RO R B2 —Bitk
AUC BB, IR ARE 8 BEV DRI 25 R A BOR . WA 2 /TG, ARG iR
I, ARSCITIEAE]T S BEV MEMSRHIES ) TR FRECR AUC,  Bd BRI B DX S ) i b A5 704 i
BAABARE . IEFIMIER T bR SR IR CRAFAGE . SRWIARSCTT IR RENS T 3t [X 70 SRR AIE 5 AR S SRR
fiE.

Table 3. Consistency statistics under single-branch feature preservation conditions

3. BOPHERB R TH—Bt5t

{R B HFE e —EhE rRt— S Rb—8utk TR — B o
EGRRAIE 0.9893 0.8618 0.9095 0.9408 0.4323
i 52 BEV 4F4E 0.9952 0.8854 0.9449 0.9586 0.8839
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Figure 7. The overall consistency curve under the perturbation of historical BEV branch and image feature branch
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