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Vision Language Navigation (VLN)

An embodied agent follows natural-language instructions to reach a target location.

Client i: “Fetch a bottle of

[ Instruction j
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Example of VLN task
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Federated VLN: Privacy-Preserving Training

Client /’'s VLN Model
0i,Enc Language Encoder Local uploadt ‘Aggregate

0i,pec Navigation Decoder

0; cri RL Critic Module

Client i: “Fetch a bottle of drink
from kitchen to bedroom”
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Federated Server

Client j’s VLN Model J
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Existing Works on Federated VLN (FedVLN)
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Zhou, Kaiwen, and Xin Eric Wang. "Fedvin: Privacy-preserving federated vision-and-language
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Key Problems — Heterogeneity

= Personalized Instructions:
- different vacabulary
> detall levels

E Client i: “Fetch a bottle of drink Client j: “Go through the Client k: “Go to the balcony
' from kitchen to bedroom” hallway ... to the sofa” via the living room”
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Key Problems — Heterogeneity

|@| Client i: “Fetch a bottle of drink from

\ Y '@' Client j: “Go through the hallway ... to the sofa” I@' Client k: “Go to the balcony via the living room”
4  Kitchen to bedroom Y Y

= Heterogeneous Environments:

- layout - graph complexity
- scale ~ path distribution
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Key Problems — Heterogeneity

= Data heterogeneity analysis on RxR dataset [1]:
- layout - graph complexity
- scale ~ path distribution

Instruction
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[1] Ku, Alexander, et al. "Room-across-room: Multilingual vision-and-language navigation with
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Key Problems — Multimodal Models

Image
*9

ResNet or ..

v

Classifier

¥
Label

Traditional Vision Model
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Language i*nstructions

Encoder Module

Visual ob*servation

Language Embedding

Decoder Module

Action Embedding

BiLSTM Encoder

Visual Attention

Projection

Language Attention

Candidate Scoring

RL Critic Module

VLN Navigation model




Personalized Federated VLN
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Adaptive Layer Selection for Personalization
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Fine-grained Parameter Fusion

For each selected personalized layers:

OO Fusion formulation
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Evaluation

= Datasets:
» R2R
» RxR

= Pretrained Image features:
- ResNet-152 representations
~ CLIP representations
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= Models:
- Seg2seq model

= Baselines:
» EnvDrop (centralized setting)
» FedVLN (federated setting)

= Metrics:
> Success Rate (SR)
» Success weighted by Path Length (SPL)
» Oracle Success Rate (OSR)
>~ Navigation Error (NE)

~ Coverage weighted by Length Score
(CLS)

* Normalized Dynamic Time Warping
(nDTW)
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Main Results

Method on R2R SR 1+ SPL 1+ OSR 1 CLS + nDTW 1 NE |

Improves Goal- EnvDrop [9] 567 543 639 672 560  4.55
Reaching Ability ResNet FedVLN [2] 507 473 603 634 508 537
pFedNavi 545 517 652 664 548 486

O EnvDrop [9] 615 565 69.8 673 554  3.94
u J[O 7 5 é CLIP FedVLN [2] 595 563 65.1 675 55.1 424
' pFedNavi 60.7 574 67.3 68.6 57.1 3.65

Method on RxR SR 1+ SPL + OSR 1 CLS 1+ nDTW 1 NE |

- EnvDrop [9] 413 366 504 572 536  8.03

Irpprc_)ves Trajectory ResNet FedVLN [2] 399 331 478 555 507  8.62
Fidelity pFedNavi 40.1 367 512 573 529  8.10
EnvDrop [9] 47.7 434 56.1 61.2 56.8 6.53

O CLIP  FedVLN [2] 430 394 515 587 548 737
up 'tO 7 8 é pFedNavi 46.1 412 563 598 569 691
1
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Main Results
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Higher efficiency: 1.38x faster convergence
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Various personalized layer selection strategies

pFedNavi

18.25% on SPL
9.80% on SPL
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