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Demonstrate that the effective query-to-segment retrieval  
can improve the LLM's prediction 

Propose a retrieval augmented generation (RAG) frame-
work that leverages LLM's temporal reasoning for NLQ  

Natural language query (NLQ)

Previous work

Our retrieval-augmented framework

query-to-segment retrieval and temporal reasoning on selected segment captions

query-to-segment
retrieval

Query:
What ingredients did C throw away after cutting tomatos?

egocentric video segments

LLM

Input video segments
Query: What colour is the jacket I examined at the clothes rack?

Query-to-segment Constrastive Loss

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S13S11 S12 S14 S15

Query-to-segment Retrieval

K most relevant
video segments IDs

Predict the temporal window in an ego-
centric video that answers the question

...

ground truth window

Establish a connection between RAG and Video 
understanding 

Prediction w/ and w/o retrieval:

Timestamp:20190-20220
C looks at the clothes

Timestamp:20220-20250
C checks clothes

Timestamp:20250-20280
C checks clothes

Timestamp:20280-20310
C touches a coat

Timestamp:20310-20340
C touches a coat

Timestamp:20340-20370
C puts the cloth in the hanger

Timestamp:20370-20400
C puts the cloth in the hanger

Timestamp:20400-20430
person X puts down the phone

Timestamp:20430-20460
person X puts down the phone

Timestamp:20460-20490
C looks at the tag

Timestamp:20490-20520
C looks at the tag

Timestamp:20520-20550
C takes a picture of the cloth with 

the phone in her right hand

Timestamp:20550-20580
C takes a picture of the cloth with 

the phone in her right hand

Timestamp:20580-20610
C takes the cloth from the cloth

Timestamp:20610-20640
C takes the cloth from the cloth

Timestamp:20640-20670
C hangs the clothe on the 

clothe hanging

Timestamp:20670-20700
C hangs the clothe on the 

clothe hanging

Timestamp:20700-20730
C removes the clothe 

from the hanger

Timestamp:20730-20760
C removes the clothe 

from the hanger

Timestamp:20760-20790
C walks around the shop

Timestamp:21630-21660
C talks to a man X

Timestamp:21660-21690
C looks at the jacket

Timestamp:21690-21720
C looks at the jacket

Timestamp:21720-21750
C looks around

Retrieved segments

Ground Truth

Prediction w/ retrieval
(success)

Prediction w/o retrieval
(failure)

noise (unrelated caption) Contains redundant information 
(noise) for LLM to reason

Positive Negative
Query:  Who did I talk to when I was
watching the television?

Failure case of query-to-segment retrieval:

- Low data annotation quality
- Need to see multiple frames 
to know whether the user talks 
with other people

Token cost per query: ~1K

Token cost per query: ~10K (10x)

Decompose the challenging video grounding task into two:

t1~t2
C chops
tomatoes on a
cutting board

t2~t3
C opens the lid
of a trash bin.

ti~ti+1
C stirs salad
in the bowl.

ti+1~ti+2
C chops
cucumber on a
cutting board

...
Captioner

Prediction: Time interval: [4710, 4890]

Query encoder

Segment encoder

Score function

Query

 Each video
segment

 

 

Positive 

Hard negative

Negative 

Query

EgoNCE Loss:

Positive: Overlapping with Ground truth window > threshold_A
Negative: Overlapping with Ground truth window < threshold_B
Hard Negative: threshold_B < Overlapping < threshold_A

IMU sensor 

Multimodal
encoder

[1]Alec Radford et al., Learning Transferable Visual Models From Natural Language Supervision, in ICML 2021. [2] Junnan Li et al., BLIP-2: Bootstrapping Language-Image Pre-training with Frozen Image Encoders and Large Language Models, in ICML 2023. [3] Santhosh Ramakrishnan et al., NaQ: Leveraging Narrations as Queries to 
Supervise Episodic Memory, in CVPR 2023. [4] Yue Zhao et al., Learning Video Representations from Large Language Models, in CVPR 2023.

[4]

Issue: Fail to handle long-form video sequence temporal reasoning due to lack of NLQ annotation

Motivation: Leverage LLM to perform long-form temporal reasoning

... ...

Egocentric videos

Query:
"Where did I put the lettuce?"

Vision-language Fusion 

Video Encoder Text Encoder 

Temporal Aggregation

... ...

LLM-based approach

... ...

Egocentric videos

Timestamp Caption
... ...

10-13s C walks around in the kitchen
13-15s C opens the microwave
15-20s C picks up the vegetables
20-23s C opens the fridge
23-25s C puts the vegetables
25-26s C closes the fridge

Verbalization LLM

Query:
"Where did I put the lettuce?"

Prompt:
"You are an AI agent that aims to localize the time
interval within the verbalized egocentric video to
answer the questions. Follows the following
guidelines: ..."

Prediction:
"Timeinterval: [23s, 25s]"

Score: 0.01 Score: 0.91 Score: 0.28

Output:
{timewindow: [2s, 5s], score: 0.01, ...

timewindow: [23s, 25s], score: 0.91, ...}

Frames

Captions

Video encoderMultiple
framesText encoder

Image encoder

Captions

Single frame
Even impossible for human to tell the difference between positives and negatives.

[3]
[2]

[1]

*

*: The state-of-the-art method involves training the model on both NaQ and NLQ
train-set, where NaQ contains 80x more examples than the NLQ train-set.



 
   
     
       
         
         
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
          
        
         
           
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
      
    
  


