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Top-down Selective Attention

Human perception is filtered based on the internal goals.
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Embodied-Al agents have goal-driven
behaviors

Image-Goal Navigation Mobile Manipulation

Goal Image Egocentric Vision

ManipulaTHOR, Ehsani et al., CVPR 2021
Navigating to Objects Specified by Images, Krantz et al., CVPR 2023
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Embodied-Al agents use general-purpose
visual backbones
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Standard visual encoders capture general-
purpose scene information

Task: Find the key




Standard visual encoders capture general-
purpose scene information
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Goal-Driven Visual Encoder retains the most
task-relevant information

Top-Down Selective Attention

Input Frame
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Standard Embodied-Al architectures
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Standard Embodied-Al architectures

Input Frame
— h
. . i

22

m
2 E
— 8@ —
Q.
L= L
Y >
T D S5 P
P ''me L5 S O
— Y > —P:D: |—6
F '8 @ & -
: : L Q- =.
Goal: Chair "3"' HE + @ ©
) :
2 | L
g € 1{0,...,11} ® 1574 % 1
L T
_ 3
Previous — §
. O
Action o



ICLR 2024

Standard Embodied-Al architectures

1) Remember what it has seen in the past
Input Frame 2) Decide an action based on the information
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Goal-Bottlenecked Architecture

Codebook Module
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Bottleneck-based Architectures

2048;d out 2048-d out /MoE layer \ -
Y 3 Mixture-of-Experts
B Ottl ene Ck \512, 1x1, 2048/ \512, 1x1, 2048/ 600, | [600, Shazeer et al.
T f [ 512, 3x3, 512 [512, MHSA, 512] - = IC LR 201 7
Srinivas et al 208,10, 512\ AT
CVPR 2021 2048-d in 2048-d in ~ j
ResNet Bottleneck Bottleneck Transformer
Sequential Observations 0;.r i ‘
. | ) einforcemen
e~ | (" Codebook Z ) / Transformer |I ™\ realteke D R I BO WOyt 7 oo - 17 Learning Objective
u 0 .I III f|f|r|f ncoder
: : 1 P(S):Hip(3i|3<i)"'..l _ I el fle|f Fan et al- pﬂ(sl'Tlol'T'al'T) \¢ | ¢
i [ o 2 BBE T ' - Multi-View Information
VQ GAN _ . Tsi y P — P M LR 2022 Bottleneck Loss
- /D
Esser et al. i N
2| ot I
CVPR 2021 o . : argmin, cz |2 — z|| - 3 : Sen : TQ )
2Rty ' | ea 57 g s | & k. -
i E E quantization [ i G i % TaSk- Drlven
VVVVVV 1153|9415 -,~~~~ ! J/

Control Policies

Pacel |i et al . :4.’ : L] K.‘-M B "-\‘ : Task-relevant
......................................................................................... ) viriables
e Compressed representation R S S 2 O 2 O memeiion U Tt_1

i ------------ \ z=N(u(z),%(z)) \ /

VIBERT
Mahabadi et al.
ICLR 2021

\
-~ = -
M TTTIT I IIIITIT T

Y

\
Task-relevant

Information variables ‘ Control
Bottleneck ut

Ty

@)

v
MLP 94 (y|2)
v
[ Label ¥ ]

[ Input sentence (m)]
v

1 VviBERT |...Dcntenceembeddmng :




ICLR 2024

Benefits of codebook-bottlenecked
representations in Embodied-Al

i. Improve performance and convergence in Embodied-Al

ii. Improved agent behavior: smoother trajectories and more efficient
exploration

iii. More generalizable to new visual domains
iv. Captures the most task-relevant information

v. Representation-agnostic and applicable to various visual encoders
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Benefits of codebook-bottlenecked
representations in Embodied-Al

i. Improve performance and convergence in Embodied-Al



Codebook-Bottlenecked Representations

Improve Performance in Embodied-Al

ICLR 2024

Object navigation

Benchmark Model SR(%)7T Curvature] SPLT SELT
o EmbCLIP 67.70 0.58 49.00 36.00
ProcTHOR-10k (validation) +codebook 73.72 0.23 48.37 43.69
EmbCLIP 55.80 0.49 38.30 20.57
ARCHITECTHOR (0-shot) +Codebook 58.33 020  35.57 28.31
EmbCLIP 51.32 _ _ 24.24 _
RoboTHOR (0-shot) +Codebook 55.00 i i 23.65 i
. EmbCLIP 70.00 121.00 0.29 57.10 21.45
AIZ-TTHOR (0-shot) +Codebook 78.40 86.00 0.16 54.39 26.76
Object displacement
PU(%)1 SR(%)1
. m-VOLE 81.20 59.60
ManipulaTHOR +Codebook 86.00 65.10

EmbCLIP, Khandelwal et al., CVPR 2022




Codebook-Bottlenecked Representations

Improve Performance in Embodied-Al
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Object navigation

Benchmark Model SR(%) 1 EL] Curvature] SPLT SELT
o EmbCLIP 67.70 182.00 0.58 49.00 36.00
ProcTHOR-10k (validation) +codebook 73.72 136.00 0.23 48.37 43.69
EmbCLIP 55.80 222.00 0.49 38.30 20.57
ARCHITECTHOR (0-shot) +Codebook 58.33 174.00 020 | 35.57 28.31
EmbCLIP 51.32 _ 24.24 _
RoboTHOR (0-shot) +Codebook 55.00 i 23.65 i
. EmbCLIP 70.00 121.00 57.10 21.45
AIZ-TTHOR (0-shot) +Codebook 78.40 86.00 54.39 26.76
Object displacement
PU(%)1 SR(%)1
. m-VOLE 81.20 59.60
ManipulaTHOR +Codebook 86.00 65.10




Codebook-Bottlenecked Representations

Improve Performance in Embodied-Al
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Object navigation

Benchmark Model SR(%) 1 EL] Curvature] SPLT
o EmbCLIP 67.70 182.00 0.58 49.00
ProcTHOR-10k (validation) +codebook 73.72 136.00 0.23 48.37
EmbCLIP 55.80 222.00 0.49 38.30
ARCHITECTHOR (0-shot) +Codebook 58.33 174.00 020  35.57
EmbCLIP 51.32 _ _ 24.24
RoboTHOR (0-shot) +Codebook 55.00 i i 23.65
. EmbCLIP 70.00 121.00 0.29 57.10
AIZ-TTHOR (0-shot) +Codebook 78.40 86.00 0.16 54.39
Object displacement
PU(%)1 SR(%)1
. m-VOLE 81.20 59.60
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Benefits of codebook-bottlenecked
representations in Embodied-Al

ii. Improved agent behavior: smoother trajectories and more efficient
exploration
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Our agent explores more efficiently and in

SmOOther trajeCtOrieS Success
Fail X

Goal
EmbCLIP + Codebook \/

EmbCLIP X
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Our agent explores more efficiently and in

SmOOther trajeCtOrieS Success
Fail X

EmbCLIP X EmbCLIP + Codebook 4/
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Our agent explores more efficiently and in

SmOOther trajeCtOrieS Success
Fail X

EmbCLIP X
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Our agent explores more efficiently and in

SmOOther trajeCtOrieS Success
Fail X

EmbCLIP + Codebook \/
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Benefits of codebook-bottlenecked
representations in Embodied-Al

iii. More generalizable to new visual domains
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Input Frame
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Codebook embeddings generalize to new
visua
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Codebook embeddings generalize to new
visual domains _

Pre-train:

Finetune:
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Benefits of codebook-bottlenecked
representations in Embodied-Al

iv. Captures the most task-relevant information
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Codebook-bottlenecked embeddings retain
the most task-relevant information
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Codebook-bottlenecked embeddings retain
the most task-relevant information

Alarm Clock Vase Laptop House Plant Basketball Bowl

EmbCLIP ’

EmbCLIP-
Codebook
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Codebook-bottlenecked embeddings retain
the most task-relevant information

Query Image Nearest Neighbors
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Codebook-bottlenecked embeddings retain

the most task-relevant information

Query Image
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Codebook-bottlenecked embeddings retain
the most task-relevant information

Query Image Nearest Neighbors
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Benefits of codebook-bottlenecked
representations in Embodied-Al

v. Representation-agnostic and applicable to various visual encoders
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Codebook module is representation-agnostic

Object navigation

Benchmark Model SR(%)T ELJ Curvature] SPLT SELT
ProcTHOR.10k (aldaiod QN2 1. 20230 T3 SL00 024 4053 4320
ARCHITECTHOR (0-sho) o’ 1 ure 97519400 0.11 36.00 31.70
ASTHOR (0-sho)  odebook (Ours) 7693 6800 0.07 60.14 2830
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DINOv2, Squab et al., TMLR 2024
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