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Chapter 0: Future 
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Visual Language Action (VLA) model
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Visual Language Action (VLA) model

for Navigation

What, Why, When?
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• “Where is the elevator?”

What is Visual-Language Navigation?



When Visual-Language Navigation?
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• Human-robot Interactive Navigation (HRIN)



Why Visual-Language Navigation?
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• Robot Web Era 



Chapter 1: Present 
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SLAM (Simultaneous Localization and Mapping)

10COLMAP (CVPR 2016, Structure-from-Motion Revisited)



SLAM (Simultaneous Localization and Mapping)

11Google Cartographer, 2016



SLAM (Simultaneous Localization and Mapping)
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DGIST E5 (RME Building)



Autonomous Robot Navigation
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DGIST campus



What is Visual-Language Navigation?
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Source: Prof. Marco Hutter, from IROS2025



What is Visual-Language Navigation?
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Source: Prof. Marco Hutter, from IROS2025
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Source: Prof. Marco Hutter, 
from IROS2025

P1: Perception

P2: (P1+) Prediction

P3: (P1+P2+) Planning

Autonomous Robot Navigation

- Historical View (a.k.a PPP)



Autonomous Robot Navigation

- APRL Perspective (Task-centric)
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Source: Prof. Marco Hutter, 
from IROS2025

Human-Robot Collaborative Mapping 

Continual Human-Environment Understanding

Human-Robot Interactive Navigation
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Source: Prof. Marco Hutter, 
from IROS2025

Geometric Foundation Models

Map and Memory Management

Visual-Language Navigation

Autonomous Robot Navigation

- APRL Perspective (Method-centric)



Section 1

Human-Robot Collaborative Mapping in Robot Web Era 
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Geometric Foundation Models

20

• Wang, Shuzhe, et al. "Dust3r: Geometric 3d vision made easy." CVPR 2024
• Murai, Riku, Eric Dexheimer, and Andrew J. Davison. "Mast3r-slam: Real-time dense slam with 

3d reconstruction priors.“, CVPR 2025



Geometric Foundation Models
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Hyoseok Ju, Bokeon Suh, and Giseop Kim. "Have We Mastered Scale in Deep Monocular Visual 
SLAM? The ScaleMaster Dataset and Benchmark.“, ICRA 2026



Human-Robot Collaborative Mapping 
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● In the GFM era. 

Hyoseok Ju, and Giseop Kim. "MR.ScaleMaster: Scale-Consistent Collaborative Mapping from Crowd-
Sourced Monocular Videos." arXiv preprint arXiv:2604.11372 (2026).



Human-Robot Collaborative Mapping 
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Hyoseok Ju, and Giseop Kim. "MR.ScaleMaster: Scale-Consistent Collaborative Mapping from Crowd-
Sourced Monocular Videos." arXiv preprint arXiv:2604.11372 (2026).



Multi-robot Collaborative SLAM
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● In 3D Foundation era. 

On KITTI dataset



Section 2

Continual Human-Environment Understanding
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Traditional Lifelong Navigation
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Giseop Kim, Byungjae Park, and Ayoung Kim. "1-day learning, 1-year localization: Long-term lidar 
localization using scan context image." RA-L (2019)

• Map for Long-term Navigation



Memory for Robot Navigation
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Anwar, Abrar, et al. "Remembr: Building and reasoning over long-horizon spatio-temporal memory for
robot navigation." ICRA 2025



Memory for Lifelong Robot Navigation
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• Long-term Navigation Memory 

Yumin Lee, Hyoseok Ju, Giseop Kim, LT-Mem: Volatility-Aware Spatio-Temporal Memory for 
Lifelong Scene Understanding, IROS 2026 (Accepted, To appear)



Memory for Lifelong Robot Navigation
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• Long-term Navigation Memory 

Yumin Lee, Hyoseok Ju, Giseop Kim, LT-Mem: Volatility-Aware Spatio-Temporal Memory for 
Lifelong Scene Understanding, IROS 2026 (Accepted, To appear)



Memory for Lifelong Robot Navigation
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• VQA for Lifelong Scene Understanding

Yumin Lee, Hyoseok Ju, Giseop Kim, LT-Mem: Volatility-Aware Spatio-Temporal Memory for 
Lifelong Scene Understanding, IROS 2026 (Accepted, To appear)



31

Secion 3

Human-Robot Interactive Navigation



VLA
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• π0



Visual-Language Navigation
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Xue, Xinda, et al. "Omninav: A unified framework for prospective exploration and visual-
language navigation." ICLR 2026

• VLN: VLA for Navigation 



Visual-Language Navigation
for Human-Robot Interactive Navigation

34

Instruction: 
Walk forward along the white

wall .Once you are close to the passage
on your right, make a right turn and 
enter the passage. Continue walking
straight, following the black striped tiles
on the floor. After passing the fire
hydrant, turn slightly to the right and 
move forward until you see a black sofa. 
Walk towards the black sofa and stop in
front of it to finalize the trajectory.
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Are We Ready for VLN in the Real World?

Under Review
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Section 4

Multimodal Interaction (what is the human-like way?)
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• In the real world people don’t describe every (low-level) detail.

• They point.

• Point-to-Language Grounded Navigation via Diverse Map Interfaces

Visual-Language Nav meets HRI

Floor Plan-Guided Point-to-Language Grounded Navigation, ICROS 2026



Visual-Language Nav meets HRI

38

• Language meets robot sensing modality

• Humans think in language; robots think in sensor data.
• Language (Hint, Human-side) to Pointcloud (LiDAR map, Robot-side)

Two-Stage Hint–Object Alignment for Text-to-PointCloud Localization, MM-SpatialAI Workshop, ICRA 2026 WS
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Section 5

Reasoning or Geometry?



Visual-Language Nav, but why SLAM?
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• Is Perception Foundation Model Still Necessary?



Visual-Language Nav, but why SLAM?
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Wang, Ruicheng, et al. "Moge-2: Accurate
monocular geometry with metric scale and sharp
details." Advances in Neural Information Processing 
Systems 38 (2026): 35928-35959.

GPT 5.5 thinking 

• Is Perception Foundation Model Still Necessary?



Visual-Language Nav, but why SLAM?
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• Is Perception Foundation Model Still Necessary?



Visual-Language Nav, but why SLAM?
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• Is Perception Foundation Model Still Necessary?



Visual-Language Nav, but why SLAM?
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• Is Perception Foundation Model Still Necessary?

• Multiple view consistency 

2x4



Visual-Language Nav, but why SLAM?

45
Zhang, Junyi, et al. "Loger: Long-context geometric reconstruction with hybrid memory." 
arXiv preprint arXiv:2603.03269 (2026).

• Is Perception Foundation Model Still Necessary?

• Multiple view consistency 



Chapter 2: Past 
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Scan Context (IROS18, TRO22)
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• What? - Robust LiDAR Place Recognition

• Why? - 누구나 LiDAR Map을 손쉽게 만들 수 있게 하자. 



MulRan (ICRA20)
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• What? – Beyond KITTI Dataset

• Why? - 누구나 LiDAR Map을 손쉽게 만들 수 있게 하려면 학계 전체가 진짜

문제를 풀게 해야 한다. 



Removert (IROS20)
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• What? – Make Clean Map

• Why? - 누구나 하위 어플리케이션에서 실제로 쓰고 싶을만한 LiDAR Map을

손쉽게 만들 수 있게 하자. 



LT-mapper (ICRA22)
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• What? – Long-term Map Management

• Why? – 세상은 변하고… (RTK GPS-INS 는 비싸다).



ELite (ICRA25)
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• What? – Long-term Map Management (cont’d)

• Why? – 동적 변화에도 정도가 있다 (Ephemerality)



NAVER LABS (2022-2024)
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• What? – 대규모 Mapping

• Why? – The Bitter Lessons



MR.ScaleMaster (IROS26-rejected)
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• What? – Collaborative Mapping from Crowd-Sourced Videos

• Why? – 누구나 Map을 손쉽게 만들 수 있게 하자. 



G. Kim Research Statement (2024)
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• What? – Robet Web 시대의 정의와 연구주제

• Why? – Robot Intelligence 의 Flywheel Moment 



LT-Mem (IROS26)
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• What? – Long-term MapMemory Management

• Why? – 뭣이 중헌디



LT-Mem (IROS26)
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• What? – Bridging the Perception–Reasoning Gap 

• Why? – SLAM 과 VLM 이 만나는 그 어딘가. Map to Memory Moment.
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• 암묵적 인간 지시를 이해하고 상호작용하는

다중 자율 모빌리티를 위한 메모리 증강 공간지능 개발 (2026-2029)

Human-robot Interactive Navigation
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Chapter 3: Conclusion
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Future Prediction
- Number of robots ↑
- Number of human–robot interactions ↑↑↑

Problem
- Diversity of robots, sensors, and configurations ↑
- Complexity, errors, and mission failures ↑↑↑

Solution
- Bridging Geometry and Reasoning gap
- Visual Language Multi-robot SLAM (APRL’s Method)

Summary
- Help robots understand human language better.
- Human-robot Interactive Navigation (APRL’s Task)

Summary



APRL Vision
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• ‘로봇 웹’ 시대는 온다.

• ‘어딜가나 로봇이’ 시대를 상상하고 함께하자.

• Human-robot Interactive Navigation
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Closing: Language for Interaction 

• How can this guy avoid getting fired? (이 친구가 짤리지 않으려면?)
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