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Yann Lecun in FAIR

FAIR 의핵심연구: GPT in Vision task

GPT 처럼모든 Vision task에서 Self-Supervised Learning을통해적용할수있는 Model을구축하는
게목표
대표 Framework: DINO (Distillation with NO labels), SAM (Segment Anything Model), JEPA

(Joint-Embedding Predictive Architecture)

DINO SAM JEPA
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족보 of JEPA (Joint-Embedding Predictive Architecture)

Yann Lecun

Mahmoud Assran Randall Balestriero
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족보 of JEPA (Joint-Embedding Predictive Architecture)

Mahmoud (Mido) Assran

McGill University 학석박 (Supervisor: Micheal Rabbat) + Mila

Research scientist, Meta, Montreal, Canada (2017 ~ )

Papers

– Self-Supervised Learning from Images with a Joint-Embedding 

Predictive Architecture

– V-JEPA: LATENT VIDEO PREDICTION FOR VISUAL 

REPRESENTATION LEARNING

– V-jepa 2: Self-supervised video models enable understanding,

prediction and planning

– V-jepa 2.1: Unlocking dense features in video self-supervised learning

특징
Engineering 적으로매우비직관적이면서특이한기법들(Stop Gradient, EMA, DINO)을제안하
며, 학술적으로설명하기어렵지만성능이좋은테크닉들을많이제안함.

사파 (정순하지않은패도적무공을사용)
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족보 of JEPA (Joint-Embedding Predictive Architecture)

• Randall Balestriero

– Assistant Professor of Computer Science, Brown Univ .

(24.07 ~)

– Postdoc: META (2021 ~ 2024, with Yann LeCun)

– BS: Université du Sud Toulon Var (2014), MA: 파리 제6대학 
(2016), PhD: Rice University (2021) 

Papers

– Lejepa: Provable and scalable self-supervised learning without the 
heuristics

– Semantic tube prediction: Beating LLM data efficiency with JEPA

– Leworldmodel: Stable end-to-end joint-embedding predictive 
architecture from pixels

특징
– JEPA 아키텍처의 학문적 당위성을 만들고, 이론적으로 동작을 잘

하는 원리들을 연구

정파 (정순하고근본있는무공을추구)
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족보 of JEPA (Joint-Embedding Predictive Architecture)

Siamese Network
Signature Verification using a 
"Siamese" Time Delay Neural 

Network (1993, NIPS)

DINO
Emerging Properties in Self-

Supervised Vision Transformers
(2021,ICCV)

I-JEPA
Self-Supervised Learning from 

Images with a  Joint -Embedding 
Predictive Architecture 

(2023,CVPR)

LLM -JEPA
LLM-JEPA: LARGE LANGUAGE 

MODELS MEET JOINT EMBEDDING 
PREDICTIVE ARCHITECTURES 

(2026, ICLR)

V-JEPA
Revisiting Feature Prediction for 
Learning Visual Representations 

from Video (2024, TMLR)

LeJEPA
LeJEPA: Provable and Scalable 

Self-Supervised Learning Without 
the Heuristics (2025, arXiv )

LeWorldModel
LeWorldModel : Stable End-to-End 

Joint-Embedding  Predictive 
Architecture from Pixels

(2025, arXiv )

Causal-JEPA
Causal-JEPA: Learning World 
Models through  Object-Level 

Latent Interventions 
(2026 ,ICML CompLearn )

Semantic Tube
Semantic Tube Prediction: 

Beating LLM Data Efficiency with 
JEPA  (2026, ICLR SPOT)

DINOv2
DINOv2: Learning Robust Visual 

Feature without Supervision 
(2025,TMLR)

DINOv3
DINOv3 (2026,TMLR)

V-JEPA 2
V-JEPA 2: Self-Supervised Video 
Models Enable Understanding, 

Prediction and Planning 
(2025, CVPR CoRR)

V-JEPA 2.1
V-JEPA 2.1: Unlocking Dense 

Features in Video Self-Supervised 
Learning (2026, ECCV)

Mahmoud (Mido) Assran

Randall Balestriero

LeJEPA
When Does LeJEPA Learn a 

World Model?
(2026, arXiv )

LeWorldModel
When Does LeJEPA Learn a 

World Model?
(2026, arXiv )
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Siamese Network

Signature Verification using a "Siamese"  Time Delay Neural Network (NIPS, 1993)

사람의싸인패턴을 Encoding 하여원본패턴과추정패턴간의거리를계산하여위변조를측정하
는모델. Encoder 로는 Time Delay Neural Net (1D CNN) 를사용.

“Siamese” 라는단어에서예측가능하듯, 원본 Data 를 Encoding을하는모델과예측 Data를
Encoding을하는모델을동일하게사용해서특징벡터를예측하는컨셉
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DINO v1

Emerging Properties in Self-Supervised Vision Transformers (ICCV, 2021)

DINO(Self- Distillation with NO labels) 는라벨이없이데이터를스스로학습시키는 Self-

distillation 방식의 Self-supervise learning 알고리즘.

Teacher 모델과 Student 모델을동시에학습시키면서성능을높이는구조. Student은일반적인
backward 기반으로, teacher model은 ema 기반으로업데이트를하면서성능을높임. 

학습목표는하나의이미지에대해서증강을수행한후, 각증강된데이터에대해동일한내부표현
이되도록 Teacher와 Student를학습

학습목표

EMA

Centering

9



What is JEPA?

Invariance -based
Method

Generative
Method

이 객체는 어떤 상황에서도

같은 물체이다 !
이 객체는 구현하면서

학습해보자 !

Generative
Architecture

Joint -Embedding
Predictive Architecture

Self -Supervised Learning Method

Pixel Space에서 구해보자 ! 

CLIP, SimCLR, DINO

Latent Space에서 구해보자 ! 

BERT, VAE, GPT JEPA
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What is JEPA?

11

JEPA 는 Predictor를통해서 x-encoder의 Self-supervised Learning 시의 Representation Space를정렬함.

일반적인Biological Systems 에서사용하는Representation Learning을사용함. 

(인간은예측기계이다.)



I-JEPA

Self-Supervised Learning from Images with a Joint-Embedding Predictive Architecture 

(CVPR, 2023)

최초로 JEPA라는단어를사용한논문.

85%에대한이미지(Context)를Encoding 하고, 마스킹토큰정보와 Encoding 된정보를 predictor에
넣어, 마스킹토큰이위치해있는이미지(target)의 latent vector를예측. Loss 는 MSE 만사용
DINO 와동일하게 stop gradient 와 EMA 기반의 update rule (target encoder) 사용. (Collapse 방지)
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I-JEPA

Self-Supervised Learning from Images with a Joint-Embedding Predictive Architecture 

(CVPR, 2023)

실험은학습한 Pretrained Model은얼리고, Head만추가해학습후분류 Task를얼마나잘하는지평
가한것.

일반적인 다른방법론대비큰모델에서잘작동하는것을확인.

빠른수렴속도를가지고있는것이특징.

DINO 나타방법론에서사용하는Vision 전용 Augmentation 방법(Cropping, Rotation, Photometric 

Transform)을쓰는데, 단순히 Masking 전략만을사용해타데이터들에서도일반화해서사용할수
있는장점이존재.
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I-JEPA

Self-Supervised Learning from Images with a Joint-Embedding Predictive Architecture 

(CVPR, 2023)

JEPA 학습이후, Encoder는얼리고Decoder(Diffusion Model)를학습한이후, Embedding data 기반
추론결과.

완벽하게복원을하지는않지만, 의미론적으로유사한데이터들이복원되는것을볼수있음.

14



V-JEPA

Revisiting Feature Prediction for Learning Visual Representations from Video (2024,TMLR)

I-JEPA 와동일한아키텍처로 16개의프레임의비디오정보를가져와서 Mask로가리고
Context 는마스킹된비디오정보, Target으로는원본데이터에서마스킹되어진부분인코딩.

이후, Predictor에 Masking 정보 + Context를제공하여 Target를예측하도록함.

추가적으로 L1-Loss 로전환하면성능이좋아진다는것을확인함.

𝒎𝒊𝒏𝒊𝒎𝒛𝒆𝜽,𝝓 𝑷𝚽 𝑬𝜽 𝒙 ,𝚫𝒚 − 𝒔𝒈 𝑬ഥ𝜃 𝒚
𝟏
, ഥ𝜽 = 𝑬𝑴𝑨 𝑼𝒑𝒅𝒂𝒕𝒆 𝒆𝒏𝒄𝒐𝒅𝒆𝒓
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V-JEPA

Revisiting Feature Prediction for Learning Visual Representations from Video (2024,TMLR)

기존 SOTA 모델(DINOv2, OpenCLIP) 대비좋은성능을보이는것을확인. (상)

또한, 기존 Pixel Prediction  모델대비좋은성능을보이는것을확인. (하)
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V-JEPA

Revisiting Feature Prediction for Learning Visual Representations from Video (2024,TMLR)

Fine-Tuning 시적은 Data만보여줘도, V-JEPA 는좋은성능을보이는것을확인(좌)

또한 Pretraining Time 또한기존의 Pixel Pred 모델대비매우적은것을알수있음. (우)
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V-JEPA

Revisiting Feature Prediction for Learning Visual Representations from Video (2024,TMLR)

I-JEPA 때와동일하게, encoder를얼리고 decode만학습이이후, Latent Vector를시각화해봤
을때, 시간적맥락과정보를잘 Encoding을하고있음을확인함.
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

– V-JEPA 를 확장(VIT-H(630m) -> VIT-G(1.1B))하여 모델 규모를 확장. (+ 3D RoPE 추가)

– 단순 Representation Learning 에서 WorldModel로 확장. + LLM 과 Alignment 해서 Video QA도 가능하게 만
듦.
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

– Pretraining 단계에서 V-JEPA 2에 추가된 것들

(Data Scaling) 기존학습데이터를 200만개에서 2200만개로늘리고, 클러스터링기반의큐레이션
기법으로정보량적은영상제거
(Model Scaling) 모델사이즈를 630M 에서 1.1B 로키워서성능을향상 (Scaling Law 적용확인)

(Long Training) Iteration 은 9만번에서 25.2만번으로확장
(Higher Resolution) 16프레임데이터에서 64 프레임+고해상도데이터로학습을해서성능향상
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

– Pretrained Model을 학습하는 방법론 자체는 V-JEPA, I-JEPA 와 동일하게 Mask로 가리고, 

Mask tokens + Context 로 Target을구하는 형식 (L1 Loss)

이후 V-JEPA 에서 Robot의 Action 을예측하는 V-JEPA 2-AC를 Fine-Tuning 시에는 Mask-

Token 대신 Robot actions + poses를해서 Robot의다음움직임을예측
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

V-JEPA 2-AC 는현재상태(𝒔𝒕), 비디오프레임(𝒙𝒕), 행동데이터(𝒂𝒕) 를기반으로다음 Latent 

Space를예측하는모델.

Loss는다음 𝒛𝒕+𝟏를예측하는것에대한 Loss 인 ℒ𝑡𝑒𝑎𝑐ℎ𝑒𝑟−𝑓𝑜𝑟𝑐𝑖𝑛𝑔 과다음 𝒛𝒕 에서다음
행동정보 𝒂𝒕:𝒕+𝒌 를모두사용했을때나오는결과에대한 Loss인 ℒ𝑟𝑜𝑙𝑙𝑜𝑢𝑡 을결합해서사용
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

– 실험 결과 Zero-Shot 에서 타 모델 대비 매우 좋은 성능을 보이는 것을 확인했음.

– Limitation 으로 카메라 위치에 예민하다는 점, 그리고 지역 최적점에 갇힐 수 있음.
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

기본적인 Video Understanding Task에서타 SOTA 모델대비우수한성능이나오는것을확인함.

또한 Size가커질수록성능이좋은 Scaling LAW 또한확인
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V-JEPA 2.0 

• V-JEPA 2: Self-Supervised Video Models Enable Understanding, Prediction and Planning  

(2025, CVPR CoRR)

Video Question Answering Task에적용하기위해 LLAVA Method 기반으로 Encoder형식으로붙인
다음 Alignment 수행
타 Video Encoder 들대비제일좋은성능이나오는것을확인 (좌상)

Encoder 로서 Scaling Law를만족하는것을확인 (우상)

LLAMA 3.1 8B와결합후 Align 했을때, 타모델방법론대비해서 SOTA를달성 (하단)
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V-JEPA 2.1

• V-JEPA 2.1: Unlocking Dense Features in Video Self-Supervised Learning (ECCV, 2026)

V-JEPA 2.0 까지동작인식맥락이해는좋았지만정밀한(Dense) 정보들(깊이, 경계, 세부정보)들
을추출하는데한계가존재했음. 이를해결하기위해
(Dense Predictive Loss) 기존 V-JEPA에서는마스킹된부분만예측하게했는데, 모든보이는부분
을예측하게손실함수를바꿈
(Deep Self Supervision) Middle Layer 의정보를 Fusion 하여표현력을높임. (YOLO)

(Multi-Modal Tokenizer) V-JEPA 2.0에서는이미지와비디오토크나이저를동일하게썼는데개
별적으로하고 Architecture는그대로해서동시학습하도록수정함.
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V-JEPA 2.1

• V-JEPA 2.1: Unlocking Dense Features in Video Self-Supervised Learning (ECCV, 2026)

전반적으로Dense Task에대해큰성능향상이있었음(상단)

또한 PCA로정보를확인했을때, 사물의구조를명확하게이해하고있는것을볼수있음
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LeJEPA

LeJEPA: Provable and Scalable Self-Supervised Learning without the Heuristics (2025, 

arXiv)

기존논문은Representation Collapse (Latent Space 의값들이모두동일해지는현상) 을막기위
해휴리스틱방법론을많이사용했었음. (Stop-gradient, EMA, Asymmetric architectures(학습때는
Teacher, Student 구분)). 그리고이러한휴리스틱방법론은또한 Transformer Architecture 에만동
작하는것을알수있음.

이러한Collapse 를해결하기위해서 Embedding 분포가 Isotropic Gaussian 여야한다는것을보였
고, SigReg 라는 Loss를제안했고, 이 Loss 하나만으로기존의휴리스틱방법론들없이학습된다는
것을보였음.

28



LeJEPA

LeJEPA: Provable and Scalable Self-Supervised Learning without the Heuristics (2025, 

arXiv)

SIGReg 는 JEPA에서Collapse를막기위해 Latent Vector의분포를 Isotropic Gaussian 으로강제를
하는 Loss 임.

이를구현하기위해서 Cramer-Wold 정리를기반으로고차원데이터를무작위방향으로 Projection

을한이후 1차원값들로만든뒤이를 Epps-Pulley Test (데이터내의 Characteristic Function를계산
한뒤, 이를표준 Gaussian Function 과거리를비교) 를통해 Isotropic Gaussian 을생성함.

29



LeJEPA

LeJEPA: Provable and Scalable Self-Supervised Learning without the Heuristics (2025, 

arXiv)

X 자형태의분포에해서도 SigReg로학습을하게되면 Isotropic Gaussian이아닌것을확인할수
있고(상), SIGReg Loss 가낮아짐에따라 Pred. loss 가감소하는것을확인할수있음.(하)
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LeJEPA

LeJEPA: Provable and Scalable Self-Supervised Learning without the Heuristics (2025, 

arXiv)

ViT 를제외한다른 Backbone 들에서도매우좋은성능을보이는것을확인할수있음.
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LeJEPA

LeJEPA: Provable and Scalable Self-Supervised Learning without the Heuristics (2025, 

arXiv)

DINO 와같은대형 Backbone 모델들을 Transfer Learning 하는것보다도 LeJEPA 로도메인에맞
춰서학습하는것이 SOTA 성능이나온다는것을확인할수있음. (도메인특화)

32



LeWorldModel

LeWorldModel: Stable End-to-End Joint-Embedding Predictive Architecture from 

Pixels (arXiv, 2026)

LeJEPA 아키텍처를기반으로동일 Encoder를사용을하고, 𝑶𝟎:𝒕 까지의데이터를 Encoder에
입력하고 , 𝒂𝒕 입력으로넣고 Predictor를사용하여 𝒁𝒕+𝟏 을예측하는구조
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LeWorldModel

LeWorldModel: Stable End-to-End Joint-Embedding Predictive Architecture from 

Pixels (arXiv, 2026)

LeJEPA V-JEPA 2.0 과동일하게목표 𝒛𝒈와가장가까운거리의값을찾고, 이를기반으로행동
분포를업데이트를하는형태로수행
그리고 Model Predictive Control 전략을사용해서, K개의행동만실행하고이후에다시계속
관측값을받아서계획을새우는형태로만듬
이를통해 DINO-WM 대비 48배빠른계획속도를보여줌.
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LeWorldModel

LeWorldModel: Stable End-to-End Joint-Embedding Predictive Architecture from 

Pixels (arXiv, 2026)

Planning task에서대부분의모델대비좋은성능을보임.

LeJEPA 은짧은미래를예측하는데최적화되어있으나, 장기계획에는약한지점이있음.
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Application of JEPA

SkyJEPA: Learning Long-Horizon World Models for Zero-Shot Sim-to-Real Control of 

Quadrotors (arXiv, 2026.06.23, UC Berkeley ,Randall Balestriero) 

100Hz 환경에서명령을내려야하는쿼드로터의비행제어를 LeWM 기반으로수행한모델.

고속환경과실제환경에맞게 Encoder를 TCN, Predictor를GRU를사용했고, Physics 를기반으로
동작하게하는시스템(DKI (병진운동과회전운동))을구축
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Application of JEPA

SkyJEPA: Learning Long-Horizon World Models for Zero-Shot Sim-to-Real Control of 

Quadrotors (arXiv, 2026.06.23, UC Berkeley ,Randall Balestriero) 

https://pratyaksh10.github.io/skyjepa-project-page/
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Application of JEPA

LLM-JEPA: LARGE LANGUAGE MODELS MEET JOINT EMBEDDING PREDICTIVE 

ARCHITECTURES (ICLR 2026, Hai Huang, Randall Balestriero)

I-JEPA base로 Text 와 Code 간의 Hidden State 에서 JEPA 를사용해성능을높인논문.
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Application of JEPA

LLM-JEPA: LARGE LANGUAGE MODELS MEET JOINT EMBEDDING PREDICTIVE 

ARCHITECTURES (ICLR 2026, Hai Huang, Randall Balestriero)

실제성능도올라갈뿐만아니라, T-SNE 로시각화시Hidden State 가잘 Align 된것을알수있다.
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Application of JEPA

Lens-JEPA: Physics Informed Joint Embedding Predictive Architecture for Gravitational 

Lensing (NeurIPS 2026 Workshop: ML and the Physical sciences, IIT)

I-JEPA based 로중력렌즈이미지를분석하는 Application 모델.

중력렌즈기반의데이터를예측할때, 기존의중력렌즈 Equation과결합하여일관성과물리법칙을감지할수있
도록만듬.
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Application of JEPA

REPRESENTATION LEARNING FOR SPATIOTEMPORAL PHYSICAL SYSTEMS (ICLR 

2026 Workshop: AI & PDE, Flatiron Institute (미국기초과학컴퓨팅연구소), Yann Lecun)

물리량이포함된Multi-channel SpatioTemporal Data를입력으로받아물리량(활성물질(active 

matter), Shear Flow(전단류), 열대류 )을예측하는모델
픽셀을복원하는모델대비좋은성능을보임.
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Application of JEPA

MJEPA: A Simple and Scalable Joint-Embedding Predictive Architecture for Audio-Visual 

Learning (arXiv 26.06, META, NYU)

V-JEPA에서확장되어서Audio 와 Video를 Single Encoder 에넣고통합으로학습하는 JEPA
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Application of JEPA

CF-JEPA: Mask-free forward prediction with asymmetric encoder utilization for time-series 

representation learning (arXiv 2026.05, 심성현교수님)

IJEPA 형태를기반으로해서, Masking 기반의방법론대신 Forward Prediction + Random Cropping 

을하여시계열흐름이깨지지않는상태의 Time Series Representation 을학습하여Classification, 

Anomaly Detection, Forecasting을수행하는논문
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Q&A

Q&A
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