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Preliminary: Visual Document Retrieval 

Visual Document Retrieval (VDR): Retrieve relevant pages from a corpus of visually rich documents

• Real-world documents are rich with visual elements (e.g., charts, tables, figures). 

• Cannot be captured by text alone. 
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Preliminary: Visual Document Retrieval (Cont.)

Visual Document Retrieval (VDR)

• Traditional methods: OCR or complex layout parsing → process visual content into text

• Recent LVLMs: encode each page directly as an image → visual embeddings for retrieval

→ No OCR or complex layout parsing needed!
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Preliminary: Retrieval Framework

• Single-Vector Retrieval: Single embedding per Query/Page 

• Multi-Vector Retrieval: Multiple Token/Patch embeddings per Query/Page → MaxSim aggregation
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Motivation

Two Key Observations

• [Obs 1] Single-Vector Retrieval is More Efficient than Multi-Vector Retrieval   

• Up to 99.94% fewer FLOPs per query 

• [Obs 2] Single-Vector Retrieval can be acceptable for Coarse-Grained Retrieval. 

- The performance gap narrows from 22.5% at K=1 to only 0.63% at K=200

→ Combining Single-Vector Efficiency and Multi-Vector Accuracy
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Proposed Method: HEAVEN 

• HEAVEN: Plug-and-Play Hybrid-Vector Two-stage Retrieval framework  

• Stage 1. Single-Vector Retrieval of Candidate Pages 

• Stage 2. Multi-Vector Reranking of Pages 
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Proposed Method: HEAVEN (cont.)

• Stage 1. Single-Vector Retrieval of Candidate Pages 

• Visually-Summarized pages (VS-pages): Compress Multiple Pages into Single VS-pages by 

assembling representative title layouts

• [Motivation] Most pages are irrelevant or contain repetitive/uninformative content – only 

a few elements are actually informative
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Proposed Method: HEAVEN (cont.)

• Stage 1. Single-Vector Retrieval of Candidate Pages 

• [1] Candidate VS-page Retrieval     → Candidates 𝒞

• [2] Candidate Page Refinement: combine VS-page + page scores → Candidates 𝒞𝐾
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Proposed Method: HEAVEN (cont.)

• Stage 2. Multi-Vector Reranking of Pages

• Key Token: Filtered query tokens by linguistic importance (nouns/named entities)

• [Motivation] Many query tokens (e.g., stopwords) are less informative for the task            

• computing similarities for all tokens causes redundant computation

value UK market vehicles

What is the estimated

of the‘s for automated

by 2 0 3 5 ?

Key Tokens Non-Key Tokens

→ Reasonably effective, despite their small proportion (≈30%) within queries



SIGIR 2025 Hybrid-Vector Retrieval for Visually Rich Documents:  Combining Single-Vector Efficiency and Multi-Vector AccuracyACL 2026

Proposed Method: HEAVEN (cont.)

• Stage 2. Multi-Vector Reranking of Pages

• [1] Reranking with Filtered Query Tokens    → Candidates 𝒞∗

• [2] Reranking Refinement: combine Stage 1 + Stage 2 scores  → Final Page Ranking
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Proposed Benchmark: ViMDoc 

• ViMDoc: Benchmark for Visually Rich, Multi-Document, and Long-Document retrieval

…
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Proposed Benchmark: ViMDoc (cont.) 

• ViMDoc: Benchmark for Visually Rich, Multi-Document, and Long-Document retrieval

• Challenge: Most sourced queries are Context-dependent (e.g., “What is the title?” )

 → Unsuitable for Multi-document Retrieval

• Two-stage Query Filtering (Heuristic + LLM) → Retain only Self-contained queries 

→ Enables evaluation over a large, multi-document search space 
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Experimental Result 

• [1] Main Result: HEAVEN preserves 99.87% of the state-of-the-art retrieval performance of 

ColQwen2.5 (in terms of Recall@1) while reducing per-query FLOPs by 99.82%
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Experimental Result (cont.)

• [2] Comparison with Efficiency-oriented Variants of Multi-Vector model: 

• Patch Pooling, Patch Pruning, Token Pooling, Token Pruning

• In the accuracy-efficiency trade-off, HEAVEN achieves higher accuracy with significantly fewer FLOPs.
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Experimental Result (cont.) 

• [3] Ablation Study: All components are effective

•  removing any component degrades either efficiency or accuracy.
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Experimental Result (cont.) 

• [4] Plug-and-play Analysis: Consistent performance across different encoder combinations, 

confirming HEAVEN's modular design.
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Experimental Result (cont.) 

• [5] Efficiency Analysis: HEAVEN achieves 99.88% faster online retrieval latency than ColQwen2.5.
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Experimental Result (cont.) 

• [6] Hyperparameter Analysis: HEAVEN is robust to hyperparameter choices across reduction 

factor 𝑟, filtering ratios 𝑝1/𝑝2, and weighting parameters 𝛼/𝛽.
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Takeaway

• Single-Vector is Efficient but Coarse; Multi-Vector is Accurate but Computationally Expensive

• HEAVEN bridges the Efficiency-Accuracy Tradeoff

• 99.87% of ColQwen2.5 Recall@1 at 99.82% fewer FLOPs

• VimDoc benchmark for Visually Rich, Multi-Document, and Long-Document retrieval

• Enables Evaluation over a Large, Multi-Document Search Space
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Thank You !
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