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Instruction

Now you are facing towards the wall, slightly turn to your right, you can see a open door to 
your right, exit room through an open door and move forward, there is a wall art to the left 
side of the wall and few steps in-front of you, walk down the steps and move forward, there 
are two black couches to your right, that's your end point.



VLN

What does VLM need to learn?
1. Depth estimation: How far is the wall/door?
2. Contextual semantic analysis: What exactly does "slightly" refer to in 

terms of perspective?
3. Long and short memory
4. Action Space
…
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StreamVLN（Single-System, ICRA2026）

1. Long and short term memory

2. Positioning and planning 

navigation capability

3. Exploration and error 

correction



VLN – Long Term Memory

~15m path = ~100 ego-centric frames



StreamVLN（Single-System, ICRA2026）

1. Uniform Sampling  
2. Voxel-based Cutting

Memory:
8 history frames

+
4 current frames

~4k tokens



VLN – Long Term Memory

Qwen2.5-VL-7B (BF16)

640 * 480 image = 23 * 17 patch = 391 tokens

KV Cache = ~23 MB

Vision Tower: 640 * 480 image = 46 * 34 patch = 1564 tokens

LLM (after merge):

Peak Inference Mem = Model Weight + Vision Tower Peak 
                                              + LLM Prefill Peak + KV Cache + Allocator Reserve

Hidden + QKV + MLP  ≈ 100-300 MB / frame



VLN – Long Term Memory

Qwen2.5-VL-7B (BF16): 10 v.s. 100 frames

Time of First Token (TTFT) Time Per Output Token(TPOT)

Vision Tower: 10x

LLM Prefill: ~90x

N = num_frames * 391 + text_tokens

Self-attn: O(N^2 · d) 

Compute-bound 

KV Cache: 10x

Memory-bound

New Token Query (1 x d)

KV Cache (d x N)

x



GPU Memory Hierarchy

The GPU Devotes More Transistors to Data Processing
https://docs.nvidia.com/cuda/cuda-c-programming-guide/

DDR5 Memory



DecoVLN（Single-System, CVPR2026）

https://allenxinn.github.io/DecoVLN



DecoVLN（Single-System, CVPR2026）

Consider long-term memory as an optimization problem.



DecoVLN（Single-System, CVPR2026）

Now you are facing towards the wall, slightly turn to your right, you can see a open door to your 
right, exit room through an open door and move forward, there is a wall art to the left side of the 
wall and few steps in-front of you, walk down the steps and move forward, there are two black 
couches to your right, that's your end point.



DecoVLN（Single-System, CVPR2026）

Streaming Paradigm

DecoVLN



DecoVLN（Single-System, CVPR2026）

DecoVLN

StreamVLN



DecoVLN（Single-System, CVPR2026）

1. Expert Dataset: R2R, RxR (Stage 1)

2. Collect correction data using stage 1 model

3. Multi-Mode Dataset: Correction data + MM Datasets



IDEAL-VLN（Single-System）



IDEAL-VLN（Single-System）

Now you are facing towards the wall, slightly turn to your right, you can see a open door to 
your right, exit room through an open door and move forward, there is a wall art to the left 
side of the wall and few steps in-front of you, walk down the steps and move forward, there 
are two black couches to your right, that's your end point.

Rule-Based Split (word count or period)

Text Analysis and Split

LLM-based Split



IDEAL-VLN（Single-System）

The existing models cannot comprehend the relationship between instructions and ego-
centric images.



IDEAL-VLN（Single-System）

Method Input tokens Prefill Time(ms) Steps/ Episode
Vanilla 7k 1625 21

Ours (Think) 7k 1832 5
Ours (Act) 2k 462 21



Dual-System VLN
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Only responsible for generating navigation 
points (image coordinate system)

Convert the image coordinate into an 
executable trajectory

VLM is action-independent



DualVLN (ICLR 2026)



OmniNav (ICLR 2026)



Dual-System VLN

1. Joint training of the two systems is challenging

2. Incorrect navigation points may cause trajectory errors

3. Only available for specific robots

4. Very, very expensive



Dual-System VLN

-- OmniNav

18000+ H20 hours
Dual-sys Training Cost: 15W+ RMB

Reproduction is extremely time-consuming

DecoVLN/ IDEAL-VLN: ~ 3k RMB



Depth Encoder-based Sys
JanusVLN (ICLR2026)



Depth Encoder-based Sys

Additional depth encoder required

Rely on depth encoder -> poor performance in real-world

Significantly increases computational load and storage overhead



Depth Encoder-based Sys

Why not use real depth map?

Depth map by realsense camera DepthAnything



AgentVLN

https://allenxinn.github.io/AgentVLN



AgentVLN



AgentVLN

TODO

Quadrotor



AgentVLN

10k + views, 1k+ shares



AgentVLN



AgentVLN



AgentVLN

Duple Camera Sys Lidar + Monocular  Camera Sys



AgentVLN

The first VLN model deployable on embedded devices.

Inference peak memory:

AgentVLN: ~9G

DualVLN: ~20G

StreamVLN: ~18G



AgentVLN

Outstanding load balancing

GPU

CPU

VLM Model

Skills



AgentVLN



AgentVLN



Future Work: Infinite Memory

Static Memory:

Dynamic Memory:

Memory Update:

Model architecture specifically designed for VLN tasks.



Future Work: Infinite Memory

Model architecture specifically designed for VLN tasks.

Sliding Attention    +     GDN Attention
Peak memory usage:  5.5G

Achieve 10 FPS
Inference Delay: 0.45s

No inference optimization was performed!


