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Overall Pipeline

1. Extract frame-level feature 4. Encode the optical flow and query
2. Compute optical flow 5. Bilateral transformer
3. Optical flow calibration 6. Decode the final feature
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Bilateral space encoding

F = optical flow
F' = Flow encoder(F)
E = Convyx,(Concate(F',Q))

Bilateral attention

_ QKTM
BiAttn(Q,K,V) = softmax

VC

(1 if [i —h| < Wy and |j — w| < Wy
Mp (3,53, FE) = < and |argsortw,(En w) — argsortw,(E; ;)| < W

)V,M = [O,l]HWXHW, Q = ]RHWXC,

\ 0 otherwise

Pos. emb. €nc. = Crnss-attn.—l

enc)—| LN |—[self-attn| > — [ v | <— | Bi-attn. | B~ N |- ML~ —

____________________________________________________________________________________

——— =
- - -
e ————=



R
RIS

SRR
RS -
o

i
| .
A e
e » '
b
0 F AR PERge 5= == . z T v_ :
oo 08 Ed= T %) - o Z e T - s 1% = E : "
s
R ]
|
| 0
i
|
1
i i




Optical flow calibration
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(a) Comparison of the initial optical flow (middle) and the calibrated optical flow
(bottom). The calibrated optical flow is smoother within the same object, and sharper

at object boundary
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Optical flow calibration

Use MSE between the initial optical flow and the output

Previous frame mask - — Calibrated

: optical flow
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Initial optical flow | \|:| i |
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- : copy and concatenate
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Results

Table 1: Results on Youtube-VOS 2019/2018 validation split. Subscript s and u
denote scores in seen and unseen categories, respectively. BATMAN outperforms

all state-of-the-art methods on both benchmarks
Youtube-VOS 2019 Youtube-VOS 2018

Method — zor 7. 7. F  F |J&F . J. F. Fu
STM27] . . - - [ 794 797 728 842 809
AFB-URR[1S] - - - - - | 796 788 741 83.1 826
KMN{[34] _ - - - | 814 814 753 8.6 833
CFBI[49]  81.0 80.6 752 851 830 | 814 811 753 858 83.4
LWL[2 .~ | 815 804 764 849 844
RMN{[45] . - - - - |s8L5 821 757 857 824
SST(11] s18 809 766 - - | 8.7 8.2 760 - -
TransVOS[25] - - - - - | 8.8 820 750 867 834
LOM[15 _ o | s20 822 7.7 867 834
CFBI+[51] 826 817 77.1 862 852 | 82.8 818 77.1 86.6 85.6
STCN[7] 827 81.1 782 854 859 | 83.0 819 77.0 865 85.7
RPCMVOS[47] 83.9 82.6 79.1 86.9 87.1 | 840 83.1 785 87.7 86.7
AOT[50] 841 835 784 88.1 863 | 841 837 78.1 885 86.1
BATMAN  85.0 84.5 700 89.3 87.2| 85.3 84.7 79.2 89.8 87.4




Results

Table 2: Comparisons to the state-of-the-art methods on DAVIS benchmarks.
(Y) indicates including Youtube-VOS dataset in training. BATMAN outper-
forms all state-of-the-art methods on all three DAVIS benchmarks

DAVIS 2017 val DAVIS 2017 test-dev  DAVIS 2016 val

Method J&F J F |Jg&F I F |J&F J F

AFB-URR[18] 746 73.0 76.1 - - - - - -

LWL[2] 81.6 79.1 84.1 | - - - ; ; ;
STM[27](Y) - 792 843 | - - - - 88.7 89.9
CFBI[49](Y) 81.9 793 845 | 75.0 714 787 | 89.4 88.3 90.5
SST[11](Y) 82.5 79.9 85.1

KMN[34](Y) 82.8 80.0 85.6 | 77.2 741 80.3 | 90.5 89.5 91.5
CFBI+[51](Y) 829 80.1 857 | 75.6 71.6 79.6 | 89.9 88.7 91.1
RMN][45](Y) 83.5 81.0 86.0| 75.0 719 78.1 | 88.8 88.9 88.7
LCM[15](Y) 83.5 80.5 86.5| 78.1 744 81.8 | 90.7 89.9 91.4
RPCMVOS[47](Y) 83.7 813 860 | 79.2 758 82.6 | 90.6 87.1 94.0
TransVOS[25](Y) 839 814 864 | 769 73.0 80.9 | 90.5 89.8 91.2
AOT]50](Y) 84.9 823 875 | 79.6 759 833 | 9.1 90.1 921
STCN[7](Y) 85.4 822 886 | 76.1 727 179.6 | 91.6 90.8 92.5

BATMAN(Y) 86.2 83.2 89.3 | 82.2 78.4 86.1 | 92.5 90.7 94.2




Ablation study

Table 3: Ablation on bilateral attention. The model with bilateral attention
outperforms that with spatial local attention on all benchmarks
Attention DAVIS DAVIS 2017 DAVIS Youtube- Youtube-

type 2017 val test-dev 2016 val VOS 2019 VOS 2018
Spatial local 84.9 77.5 91.6 84.1 83.8
Bilateral 86.2 82.2 92.5 85.0 85.3

Table 4: Comparisons of bilateral attention w/ and w/o optical flow calibration.
Calibrating the optical flow leads to higher accuracy on all benchmarks

Optical DAVIS DAVIS 2017 DAVIS Youtube- Youtube-
flow type 2017 val test-dev 2016 val VOS 2019 VOS 2018
w /o calibration 86.0 81.7 92.4 84.6 84.8

w/ calibration 86.2 82.2 92.5 85.0 85.3
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