
© 2024, Amazon Web Services, Inc. or its affiliates. © 2024 Amazon Web Services, Inc. or its affiliates.  

Expanding RAG with Multimodal capabilities 

Praveen Mohan Prasad

Analytics Solutions Architect
AWS

Hajer Bouafif

Analytics Specialist
AWS



© 2024, Amazon Web Services, Inc. or its affiliates. 

Business reports (Internal and 
external)

Invoices and Financial 
contracts

Policy and administrative 
papers

Internal communications 
(Emails, meeting transcripts)

Organization

Documents are ubiquitous
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Chatbots and question answering

Retrieval chatbots Generative chatbots

+ Consistent

+ Less risky

+ Less cost

- Less intelligent

- More rules

+ Intelligent

+ Conversational

- More cost

- Unpredictable

- Re-training
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Retrieval Augmentation Generation

RAG: Combining the two worlds
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Text Graph (Images) Tables

Is RAG only text ?
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Multimodal RAG: Approaches

•  Rely on text as primary modality

•  Shared embedding space across modalities

•  Use latest (M)LLMs

•  Ensemble approach
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RAG that understands 
Images and Tables too!

Multimodal 
RAG
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Embedding model Vector store

RAG application: High level architecture 

Response
Large 

Language 
Model

Prompt 
augmentation

Retrieved documents

Web application

User Input

User 
query

Context

Source documents
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RAG application: High level architecture 

Response
Large 

Language 
Model

Prompt 
augmentation

Retrieved documents

Web application

User Input

User 
query

Amazon Bedrock OpenSearch

Context

Source documents
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Demo
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RAG with text and images

Text based

Multimodal 
with text and 

images

Multimodal 
with text, 

images and 
tables

1
2
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Handle Images in RAG

11

Grounding images to captions
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Image captioning : Graphical images

12

PDF

Graph

Extract images from PDF

Unstructured python module

Question:Question: what is the average of percentage homes selling in London between December 2020 and December 2022?

https://unstructured-io.github.io/unstructured/
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Image captioning : Graphical images

13

a graph showing the price of a home in london
Graph generated captions – V1

Does not provide analytics information

A drawing of a person with a computer
Graph generated captions – V0

vit-gpt2-image-captioning

Salesforce/blip-image-captioning-base

Input image: Graph

Question: what is the average of percentage homes selling in London between december 2020 and december 2022?
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Observations

• Classify the images (graphical, non graphical)
• Use specialized ML models (ex. deplot) to generate captions for 

graphical images
https://huggingface.co/google/deplot

https://huggingface.co/google/deplot
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Multimodal LLM (MLLMS) to the rescue

15

"”This image is a line graph that shows the percentage of homes selling for more than 
10% below the asking price over time in two different regions - London & South East, 
and the Rest of the UK.

The vertical axis represents the percentage of homes selling below the asking price by 
more than 10%, ranging from 0% to 25%. The horizontal axis shows the time period 
from December 2017 to December 2023 (projected).

There are two lines plotted, one for London & South East (in black) and another for the 
Rest of the UK (in purple). The black line shows a peak around December 2018, 
indicating a higher percentage of homes in London & South East sold below the asking 
price during that time. The purple line for the Rest of the UK has an upward trend, 
particularly from December 2021 onwards, suggesting an increasing number of homes 
selling below the asking price in those areas in recent years.

The data is sourced from Zoopla Research analysis of Hometrack data, as mentioned at 
the bottom of the image.”

Question: what is the average of percentage homes selling in London between December 2020 and December 2022?

Input image: Graph Image captioning using Claude 3 (Sonnet)

LLM prompt: “What is in the image?”
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Retrieval types

16

RAG with text and images
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Text based retrieval

17

Generate image captions

OpenSearchAmazon Bedrock

"properties": {

"processed_element": <image caption>

"processed_element_embedding": 

[0.1,0.4,……],

“element_type” :”image”

"src_url": “/images/../image1.jpg”

}

"”This image is a line graph that shows the 
percentage of homes selling for more than 
10% below the asking price over time in two 
different regions - London & South East, and 
the Rest of the UK.

….
The data is sourced from Zoopla Research 
analysis of Hometrack data, as mentioned at 
the bottom of the image.”

Store embeddings for captionsInput image: Graph

Titan Embeddings G1



© 2024, Amazon Web Services, Inc. or its affiliates. 

Multimodal retrieval
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"”This image is a line graph that shows the 
percentage of homes selling for more than 
10% below the asking price over time in two 
different regions - London & South East, and 
the Rest of the UK.

….
The data is sourced from Zoopla Research 
analysis of Hometrack data, as mentioned at 
the bottom of the image.”

"properties": {

"processed_element": <image caption>

"processed_element_embedding_bedroc

k-multimodal": [0.1,0.4,……]

"raw_element_type": “image”,

"raw_element": “image_binary”

"src_doc": “/images/../image1.jpg”

}

Generate image captions
Store embeddings for both 
image and captions

OpenSearchAmazon Bedrock
(Amazon Titan Multimodal 
Embeddings model)

Input image: Graph
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Handle Tables in RAG

19

Approach 1: Grounding tables to text
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Average price %YoY Dec-23 %YoY Dec-22
20 City 

Composite £304,400 -0.70% 5.40%

Belfast £170,200 4.00% 3.20%

Glasgow £146,300 1.50% 4.40%

Edinburgh £269,900 1.30% 3.80%

Liverpool £157,400 0.90% 7.60%

Leeds £209,000 0.60% 6.90%

Newcastle £153,000 0.50% 6.40%

Manchester £223,000 0.40% 7.80%

Sheffield £172,000 0.40% 7.50%

Cardiff £252,600 0.10% 6.80%

Tools 
Python: Camelot, tabula-py
Cloud: Amazon Textract, Google Document AI, Azure Form Recognizer

Table1.csv

STEP 1: Extract tables from pdf



© 2024, Amazon Web Services, Inc. or its affiliates. 

`Average price`%YoY Dec-23`%YoY Dec-
22`Monthly trend`Annual trend`
United Kingdom`£264,400`-
0.8%`6.1%```
20 City Composite`£304,400`-
0.7%`5.4%```
Belfast`£170,200`4.0%`3.2%```
Glasgow`£146,300`1.5%`4.4%```
Edinburgh`£269,900`1.3%`3.8%```
Liverpool`£157,400`0.9%`7.6%```
Leeds`£209,000`0.6%`6.9%```
Newcastle`£153,000`0.5%`6.4%```
Manchester`£223,000`0.4%`7.8%```
Sheffield`£172,000`0.4%`7.5%```
Cardiff`£252,600`0.1%`6.8%```

"""The table presents data on average house 
prices, year-over-year (YoY) percentage changes, 
and monthly and annual trends for various cities 
and regions in the United Kingdom as of 
December 2023.

1. City-wise trends:
   - Belfast, Glasgow, Edinburgh, Liverpool, Leeds, 
Newcastle, Manchester, Sheffield, and Cardiff 
saw positive year-over-year price growth, 
ranging from 0.1% (Cardiff) to 4.0% (Belfast).

4. Monthly trends:
   - Most cities showed positive monthly price 
changes compared to December 2022

5. Annual trends:
   - All cities, except Aberdeen, exhibited positive 
annual price growth compared to the previous 
year

"""You are an assistant tasked with 
summarizing tables and text. \
Give a detailed summary of the table or 
text. Table or text chunk: {element} """

STEP 2: Summarise tables to text

"properties": {

"processed_element": <summary>

"processed_element_embedding": 

[0.1,0.4,……]

"raw_element": <csv_string>

"raw_element_type": “table”

"src_path": “/tables/table1.csv”

}

Claude3 (Sonnet)

CSV string Summary Store in OpenSearch k-NN Index
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Limitations

• Loss of information and structure

• Lack of deep analytical query capabilities

• Problem with complex tables

• Complex prompting

22



© 2024, Amazon Web Services, Inc. or its affiliates. 

Approach 2: Handling tables as Data frames

23

Thought: To find the city with the highest average housing price, I need 
to look at the Average price column in the dataframe and find the 
maximum value.

Action: python_repl_ast
Action Input: print(df["Average price"].max())
£536,800

Thought: The output shows that the maximum value in the "Average 
price" column is £536,800. However, this does not directly tell me which 
city corresponds to that price. To find that out, I need to filter or subset 
the dataframe to only include the row with that maximum price value.

Action: python_repl_ast
Action Input: 
max_price_row = df.loc[df["Average price"] == 
df["Average price"].max()]
print(max_price_row)

[1 rows x 7 columns]

Thought: The filtered dataframe shows that the row with the maximum 
"Average price" value of £536,800 corresponds to the city "London".

Final Answer: The city in the United Kingdom with the highest average 
housing price is London.
Finished chain.

14 London £536,800

Question: Which city in UK has the highest housing price ?

• Convert Question to SQL using LLM

• Hit SQL on dataframe

• Need for Chain of Thoughts in your LLM (Langchain, Llama Index)
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Demo
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RAG with text and images and tables

Text based

Multimodal 
with text and 

images

Multimodal 
with text, 

images and 
tables

1
2

3
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Complex tables

25

Domain understanding and additional custom processing ! 
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Multimodal RAG workflow

Vector store

Ingestion Query
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•  Custom pre-processing
•  Chunking and indexing: Nested vectors 
•  Choose the right retriever (A/B testing)

oLexical Search 

oVector Search

oNeural Sparse Search

oMultimodal Search

oHybrid Search

•  Apply re-ranking: Cross encoder models
•  Multi-stage Evaluation: Retrieval and Generation

Key learnings

27
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Next steps

• Multimodal queries

• Generation of images to augment the answers

• Evaluation of retriever and LLM outputs: Self RAG and CRAG

• Agents framework: to automate the retriever selection

• Simplify using conversational search plugin of OpenSearch 2.13

28
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Build your own RAG system

AWS Samples – AI Search with 
OpenSearch Service

ML Search with OpenSearchConversational Search with 
OpenSearch
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Thank you!

© 2024, Amazon Web Services, Inc. or its affiliates.  

Hajer Bouafif Praveen Mohan 
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