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PROBLEM

Motivation: MRAG breaks when the visual query is imperfect

Real-world queries are messy

When the query image drifts away from the index representation, the 
retriever retrieves irrelevant knowledge, and the generator hallucinates.
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Imperfect Visual 
Queries (Input)
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• Geometric Distortions

• rotated documents / flipped photos

• Quality Degradation

• blurred signs / low-quality captures / 

nighttime photos

• Semantic Ambiguity

• cluttered shelves / ambiguous targets / 

irrelevant watermark / occlusion



RESEARCH GAP

Core gap: text RAG rewrites queries; MRAG rarely repairs images

Text RAG
Query rewriting, expansion, 
decomposition and disambiguation are 
standard steps before retrieval.

Multimodal RAG
Most pipelines treat visual inputs as 
static and immutable, placing the entire 
burden on the visual encoder.

Our question

Can an MLLM act as an active visual-query pre-processor: diagnose the imperfection, 
choose the right perceptual tool, and restore retrieval performance?

Shift from passive robustness to active perception
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BENCHMARK

V-QPP-Bench: controlled imperfections with oracle traces
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METHOD FORMULATION

V-QPP task: diagnose, operate, retrieve
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BENCHMARK TAXONOMY

Imperfections and tools are aligned by design

Three imperfection families

Geometric Quality Semantic

Atomic tool library

rotate · flip · luminance · deblur · denoise · locate · crop · fill

Key challenge: successful V-QPP requires both correct tool selection and precise parameter 
prediction.
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EXPERIMENTAL DESIGN

Evaluation: three levels, three research questions

Level 1: Agentic diagnostics

Tool Selection Accuracy (TSA) 
and Parameter Score (PS): did 
the agent choose the right 
operation and parameters?

Level 2: Retrieval

Recall@K: does the ground-
truth evidence appear in the 
retrieved set after 
preprocessing?

Level 3: End-to-end MRAG

Substring exact-match 
accuracy: does the final 
generated answer become 
correct?

Research questions

• RQ1 Vulnerability: how severely do imperfect visual queries hurt retrieval and generation?

• RQ2 Capability & gap: can current MLLMs diagnose and repair these imperfections?

• RQ3 Learnability: can simple SFT teach compact models to become better V-QPP agents?
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RESULT 1

RQ1: Imperfections cause large retrieval recall drops

Key observation
Semantic ambiguities and geometric 
distortions are the most destructive. Quality 
degradations often matter less, but can still 
hurt generation quality.
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RESULT 2

RQ2: Oracle repair works, but off-the-shelf agents struggle

Restoration potential
Oracle preprocessing can recover 
performance for severe flaws such as 
RealWorld, Rotation and Flip.

Agentic bottleneck
Current MLLMs often choose the wrong tool 
or predict poor parameters; gains are limited 
and sometimes negative.
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RESULT 3

RQ3: V-QPP is learnable with simple supervised fine-tuning
Train only 1,000 imperfect queries

After SFT, a compact 4B model matches or surpasses larger off-the-shelf models in tool usage and improves 
both Recall@5 and end-to-end MRAG accuracy.
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TAKEAWAYS

What this paper contributes

1. New task
Defines Visual Query Pre-
processing as an agentic 
decision-making problem before 
MRAG retrieval.

2. New benchmark
V-QPP-Bench covers 46.7K 
imperfect queries, 10 
imperfection types, tool traces, 
and multiple MRAG paradigms.

3. New findings
Visual imperfections are highly 
destructive; oracle repair is 
promising; current agents need V-
QPP-specific training.

Limitations and future directions

• Single-corruption setup: future work should evaluate compositional real-world defects.
• Fixed tool library: future agents may need adaptive tool discovery and multi-step planning.
• Training paradigm: SFT is a baseline; RL or outcome-aware optimization could further improve tool use.
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Step(n) Imperfect Oracle V-QPP(W/O SFT) V-QPP(SFT)

1 0.323 0.384 0.310 0.368

3 0.150 0.284 0.152 0.200

5 0.056 0.180 0.062 0.097



Take-home message

Robust MRAG should not 
only retrieve better.
It should first see better.

Thank you!

Email: jiankun24@mails.jlu.edu.cn

V-QPP-Bench: agentic visual query preprocessing for real-world MRAG
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