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Abstract 

The exponential growth of heterogeneous digital information across structured and unstructured repositories presents a 

critical challenge for large language models (LLMs): the inability to access and reason over dynamically evolving 

knowledge without costly model retraining. This paper introduces a comprehensive Retrieval Augmented Generation (RAG) 

framework that integrates multimodal large language models (MLLMs) with real-time, knowledge-grounded question 

answering systems. The proposed architecture — MultiRAG — combines a dense bi-encoder retrieval backbone with a 

cross-modal fusion module capable of jointly indexing and retrieving text, images, tables, and structured data. Retrieved 

multimodal evidence is processed by a vision-language model (VLM) serving as the generative backbone, conditioned on 

retrieved context through a novel cross-attention grounding mechanism that attenuates hallucination by enforcing 

faithfulness constraints at the token level. Experiments conducted on four benchmark datasets — Natural Questions, 

WebQA, MultiModalQA, and a custom real-time knowledge update benchmark (RKUB-2024) — demonstrate that 

MultiRAG achieves 87.3% Exact Match on open-domain QA, 91.4% answer faithfulness score, and 6.7× reduction in 

hallucination rate compared to vanilla LLM baselines. Real-time knowledge ingestion pipeline latency averages 340 ms per 

document, supporting continuous knowledge grounding without model fine-tuning. The system reduces hallucination by 

82% over standard LLM deployment and outperforms all retrieval-augmented baselines by 4.2–9.8 percentage points across 

evaluation metrics. 

Keywords: Retrieval Augmented Generation, Multimodal LLM, Knowledge-Grounded QA, Dense Retrieval, Cross-Modal 

Fusion, Vision-Language Models, Hallucination Mitigation, Real-Time Knowledge Updating, Open-Domain QA 

 

1. Introduction 

Large Language Models (LLMs) have achieved remarkable performance across a broad spectrum of natural language 

processing tasks, including question answering, summarisation, code generation, and reasoning. Models such as GPT-4, 

LLaMA-3, and Gemini-Ultra demonstrate strong in-context learning capabilities and broad world knowledge encoded in their 

parametric weights during pre-training. However, the parametric knowledge stored within these models is fundamentally static 

— bounded by a training cutoff date and incapable of reflecting the continuous evolution of real-world information without 

expensive and computationally prohibitive retraining or fine-tuning cycles. 

This temporal and dynamic knowledge gap constitutes a critical limitation for high-stakes application domains where 

information currency is paramount: biomedical question answering, financial analysis, legal reasoning, and real-time news 

comprehension all require access to knowledge that may have changed within hours or days of a query. Furthermore, real-

world information is inherently multimodal — clinical guidelines include diagnostic images and laboratory tables; financial 

reports contain charts alongside narrative text; scientific literature combines mathematical equations with experimental figures. 

A purely text-centric LLM is therefore structurally incapable of fully reasoning over such heterogeneous knowledge sources. 

Retrieval Augmented Generation (RAG) addresses the static knowledge limitation by coupling a parametric LLM with a non-

parametric retrieval component: given a user query, a retriever identifies relevant documents from an external knowledge store, 

and these documents are prepended to the LLM context window to ground the generation. The seminal RAG framework of 

Lewis et al. (2020) demonstrated substantial improvements over closed-book LLMs on open-domain QA. Subsequent advances 

— FiD (Izacard & Grave, 2021), REALM (Guu et al., 2020), Atlas (Izacard et al., 2023) — progressively refined the retriever-

reader interaction, dense passage encoding, and joint training paradigms. 

Despite this progress, existing RAG systems share three structural limitations that motivate the present work. First, the 

overwhelming majority of retrieval pipelines operate exclusively in the text modality, ignoring the substantial information 

content carried by images, charts, tables, and video frames that co-occur with textual documents in real-world knowledge bases. 

Second, knowledge store update latency — the delay between real-world events occurring and the retrieval index reflecting 

them — remains high in production systems, ranging from hours to days, severely limiting real-time question answering utility. 

Third, retrieved context can itself contain inaccurate, contradictory, or misleading information; naive conditioning on retrieved 
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passages can degrade generation quality through context contamination, and existing systems lack robust mechanisms to assess 

retrieval quality and modulate generation fidelity accordingly. 

This paper presents MultiRAG — a multimodal retrieval augmented generation system designed to address all three limitations. 

The key contributions of this work are: (i) a multimodal indexing and retrieval pipeline unifying text, image, table, and 

structured data under a shared embedding space using a contrastively trained cross-modal encoder; (ii) a real-time knowledge 

ingestion engine capable of processing and indexing new documents with sub-400 ms latency, enabling continuous knowledge 

grounding; (iii) a cross-attention faithfulness mechanism that grounds generation at the token level by computing evidence 

alignment scores over retrieved multimodal passages, suppressing hallucinated content that lacks retrieval support; and (iv) 

comprehensive empirical validation across four question answering benchmarks spanning open-domain, multimodal, and real-

time knowledge settings. 

The remainder of this paper is structured as follows. Section 2 reviews related work across the RAG, multimodal QA, and 

vision-language model literature. Section 3 describes the MultiRAG architecture and its component modules. Section 4 presents 

experimental results and analysis. Section 5 discusses limitations and future directions, followed by conclusions in Section 6. 

2. Related Work 

2.1 Retrieval Augmented Generation 

The concept of augmenting language model generation with external knowledge retrieval emerged from the recognition that 

parametric memory alone cannot reliably cover the breadth of world knowledge required for open-domain question answering. 

Karpukhin et al. (2020) introduced Dense Passage Retrieval (DPR), replacing sparse BM25 retrieval with learned dense 

embeddings that substantially improved retrieval recall on Natural Questions and TriviaQA. Lewis et al. (2020) formalised the 

RAG paradigm by training a joint sequence-to-sequence model conditioned on top-K retrieved passages, marginalising over 

retrieved documents during both training and inference. FiD (Fusion-in-Decoder) extended this approach by encoding retrieved 

passages independently and fusing encoded representations only at the decoder, allowing effective scaling to larger retrieval 

sets without proportional context length growth. 

REALM (Guu et al., 2020) demonstrated that retriever and reader components can be jointly pre-trained using a masked 

language modelling objective that incentivises the retriever to surface knowledge relevant to masked tokens — a key advance 

in aligning retriever and generator objectives without task-specific supervision. Atlas (Izacard et al., 2023) scaled this joint 

training paradigm to few-shot settings, achieving competitive performance with much larger parametric models by leveraging 

high-quality retrieval. More recently, RETRO (Borgeaud et al., 2022) proposed chunked cross-attention over a 2-trillion-token 

datastore, demonstrating that retrieval augmentation can improve even very large parametric models. However, all these 

systems operate in text-only modalities and assume a static knowledge base, limiting their applicability to dynamic real-world 

deployments. 

2.2 Multimodal Question Answering 

Multimodal question answering requires reasoning jointly over text and non-textual information modalities to arrive at correct 

answers. WebQA (Chang et al., 2022) introduced a benchmark requiring information synthesis from both text snippets and 

images, revealing that text-only models fail catastrophically when image evidence is necessary for correct answers. 

MultiModalQA (Talmor et al., 2021) constructed questions requiring cross-modal reasoning across text tables, images, and 

passages. These benchmarks collectively established that achieving strong performance in multimodal QA requires not merely 

visual feature extraction but genuine cross-modal semantic alignment and reasoning. 

Vision-Language Models (VLMs) such as CLIP (Radford et al., 2021), ALIGN (Jia et al., 2021), and Florence (Yuan et al., 

2021) demonstrated that large-scale contrastive pre-training on image-text pairs can produce powerful cross-modal embedding 

spaces where semantically similar image and text pairs are proximally represented. Subsequent generative VLMs — Flamingo 

(Alayrac et al., 2022), BLIP-2 (Li et al., 2023), LLaVA (Liu et al., 2023), and GPT-4V — extended these representations to 

support open-ended cross-modal generation, enabling image-grounded conversational answering. However, none of these 

systems incorporate retrieval augmentation, limiting their answers to knowledge encoded in parametric weights at training 

time. 

2.3 Hallucination in LLMs and Mitigation Strategies 

Hallucination — the generation of fluent but factually unsupported content — represents one of the most critical reliability 

challenges for deployed LLMs. Ji et al. (2023) provide a comprehensive taxonomy of hallucination types: intrinsic 

hallucinations contradict source context, while extrinsic hallucinations introduce information not present in any source. 

Factuality probing studies by Mallen et al. (2023) demonstrate that hallucination probability correlates inversely with entity 

frequency in pre-training data, suggesting that rare or recently emerged entities are most vulnerable to confabulation. RAG-

based systems partially mitigate hallucination by providing explicit retrieval context, but retrieved passages may themselves 



International Journal of Advanced Multidisciplinary Application | IJAMA 

Volume 4 Issue 4  April 2026 

ISSN No: 3048-9350 

 

www.ijama.in                                                                                                                           Page | 140 

 

 

 

be incorrect, and the generator may ignore provided context when parametric priors are strong — a phenomenon termed context 

neglect by Shi et al. (2023). 

3. MultiRAG System Architecture 

3.1 System Overview 

MultiRAG consists of five tightly integrated subsystems: (A) a Real-Time Document Ingestion Engine that continuously 

processes and indexes incoming documents; (B) a Cross-Modal Retrieval Module that encodes queries and candidate passages 

into a shared multimodal embedding space and performs approximate nearest-neighbour search; (C) a Multimodal Evidence 

Fusion Module that integrates retrieved text, image, and table passages into a structured context representation; (D) a Grounded 

Generation Module that conditions a vision-language model on fused evidence through cross-attention with faithfulness 

constraints; and (E) an Answer Verification Module that post-processes generated answers with citation extraction and 

confidence scoring. Figure 1 illustrates the complete end-to-end processing pipeline from query input to grounded answer 

output. 
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Fig. 1. End-to-end MultiRAG pipeline: user query → real-time document ingestion → cross-modal dense retrieval → 

multimodal evidence fusion → grounded VLM generation → answer verification → grounded answer output. 

 

3.2 Real-Time Document Ingestion Engine 

The Document Ingestion Engine processes incoming documents from heterogeneous sources — news APIs, scientific preprint 

servers, enterprise document repositories, and structured databases — and transforms them into indexed multimodal passages 

suitable for retrieval. Documents are first parsed by modality-specific extractors: PDF and HTML parsers extract text blocks 

and embedded images; table detection networks (based on a TableFormer architecture fine-tuned on PubTabNet) extract tabular 

structures and convert them to serialised text representations; image captioning pipelines generate textual descriptions of figures 

using a BLIP-2 model to produce text-aligned image summaries alongside raw image features. 

All modality-specific representations are encoded by the cross-modal encoder (described in Section 3.3) into 768-dimensional 

embeddings, which are upserted into a FAISS Hierarchical Navigable Small World (HNSW) index. The HNSW index supports 

O(log N) approximate nearest-neighbour queries and allows online insertion without full index reconstruction, enabling the 

sub-400 ms real-time indexing latency that distinguishes MultiRAG from batch-indexed RAG systems. Document freshness 

metadata is maintained to enable recency-weighted retrieval scoring that prioritises more recently indexed documents for time-

sensitive queries. 

3.3 Cross-Modal Retrieval Module 

The retrieval backbone employs a bi-encoder architecture with a shared cross-modal encoder pre-trained on 1.2 billion text-

image-table triplets using contrastive learning. The query encoder maps user queries — which may contain text, a reference 

image, or both — into the shared 768-dimensional embedding space. Retrieval is performed by computing cosine similarity 

between the query embedding and all indexed passage embeddings using the FAISS HNSW index, returning the top-K passages 

(K=10 by default) ranked by similarity score. 

To improve cross-modal alignment, the encoder was trained with a hard negative mining strategy that samples semantically 

similar but factually distinct passages as contrastive negatives, forcing the model to encode semantic nuances rather than 

surface-level keyword matching. A late-interaction reranker — a cross-encoder operating on query-passage pairs — rescores 

the top-K candidates and selects the top-5 for generation grounding, providing a favourable recall-precision trade-off by 

performing expensive cross-attention only on a small candidate set rather than the full corpus. 

3.4 Multimodal Evidence Fusion Module 

Retrieved passages from disparate modalities are integrated by the Evidence Fusion Module into a structured context 

representation passed to the generative VLM. Text passages are prepended in descending relevance order with prefix tokens 

encoding their source, recency, and credibility metadata. Images are encoded into patch embeddings by a ViT-L/14 image 

encoder, and the resulting patch embedding sequences are interleaved with text passage tokens in the VLM input sequence. 
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Tables are serialised into linearised row-column format augmented with structural tokens denoting cell boundaries, row indices, 

and column headers, enabling the generative model to perform arithmetic and comparative reasoning over tabular evidence. 

A cross-modal attention gate is applied before generation to compute evidence relevance weights that quantify the contribution 

of each retrieved passage to the generation of each output token. Passages with low relevance weights are filtered from the 

context to reduce noise, implementing a dynamic context pruning strategy that improves both generation quality and 

computational efficiency by reducing effective context length by an average of 38%. 
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Fig. 2. MultiRAG architecture: query encoder produces cross-modal embeddings for FAISS ANN retrieval; retrieved 

passages fused via cross-modal attention gate; grounded VLM decoding with token-level faithfulness enforcement. 

 

3.5 Grounded Generation and Faithfulness Constraints 

The generative backbone is a 7B parameter vision-language model (based on LLaVA-1.6 architecture) fine-tuned for retrieval-

grounded generation using a citation-aware instruction tuning dataset of 450,000 (query, retrieved passages, grounded answer, 

citation spans) quadruples. Fine-tuning employs a two-stage protocol: Stage 1 trains only the cross-attention layers on retrieval-

grounded examples for 5 epochs, preserving pre-trained capabilities; Stage 2 performs full model fine-tuning with lower 

learning rate (5×10⁻⁶) for an additional 3 epochs using a combined cross-entropy loss and faithfulness regularisation term. 

The faithfulness regularisation term penalises the generation of tokens lacking supporting evidence in retrieved passages, 

computed as the negative log-probability of the generated token under a lightweight evidence alignment model that scores 

token-passage semantic similarity. This grounding loss has a coefficient λ=0.3, empirically tuned to balance fluency and factual 

accuracy. At inference time, the evidence alignment scores modulate next-token logits through a soft faithfulness gate, 

effectively suppressing generation of content not supported by any retrieved passage without requiring hard constraints that 

would impair generation fluency. 

4. Experimental Results 

4.1 Benchmark Datasets and Evaluation Metrics 

MultiRAG is evaluated on four benchmark datasets spanning diverse question answering settings. Natural Questions (NQ; 

Kwiatkowski et al., 2019) provides 3,610 test questions with Wikipedia-sourced long and short answers, evaluating open-

domain text-only question answering. WebQA (Chang et al., 2022) comprises 2,700 test questions requiring information 

integration from text and image sources, evaluating multimodal QA capability. MultiModalQA (Talmor et al., 2021) includes 

2,614 test questions requiring joint reasoning over tables, text passages, and images. Finally, the Real-time Knowledge Update 

Benchmark (RKUB-2024), constructed for this paper, comprises 500 questions about events occurring within 72 hours of the 

query timestamp, evaluating real-time knowledge grounding. 

Primary evaluation metrics include Exact Match (EM) for NQ; Accuracy and Multimodal Retrieval Recall (MRR@5) for 

WebQA and MultiModalQA; Answer Faithfulness Score (AFS) computed using an NLI-based entailment classifier that scores 

generated answers against retrieved source passages; and Hallucination Rate (HR), defined as the fraction of generated tokens 

unsupported by any retrieved passage as classified by the evidence alignment model. 

 

Table 1. Benchmark Dataset Characteristics 

Dataset Task Type Test Size Modalities Knowledge Source 

Natural Questions Open-domain QA 3,610 Text Wikipedia 

WebQA Multimodal QA 2,700 Text + Image Web Documents 

MultiModalQA Cross-modal QA 2,614 Text + Image + Table Wikipedia + Tables 

RKUB-2024 Real-time QA 500 Text + Image Live News / APIs 
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4.2 Main Results: Question Answering Performance 

Table 2 presents the main quantitative results comparing MultiRAG against five baselines: GPT-4 (closed-book, no retrieval), 

DPR+FiD (text-only RAG), BLIP-2 (VLM, no retrieval), RA-CM3 (multimodal RAG baseline), and Atlas-11B (large-scale 

text RAG). MultiRAG achieves 87.3% EM on Natural Questions, outperforming DPR+FiD by 6.1 points and GPT-4 by 9.8 

points — a substantial margin attributable to real-time knowledge access for questions requiring post-training knowledge. On 

WebQA, MultiRAG achieves 84.6% accuracy versus 71.2% for DPR+FiD (which lacks image retrieval) and 79.3% for BLIP-

2 (which lacks retrieval augmentation), confirming that multimodal retrieval confers additive benefits over both modality 

completeness and knowledge augmentation independently. 

The faithfulness advantage of MultiRAG is most prominent in the AFS metric: 91.4% compared to 63.2% for GPT-4 (closed-

book) and 82.7% for DPR+FiD, representing a 8.7-point improvement over the best text-only RAG baseline. Correspondingly, 

the hallucination rate of MultiRAG (4.3%) is 6.7× lower than GPT-4 (28.9%) and 2.1× lower than DPR+FiD (9.1%), validating 

the effectiveness of the token-level faithfulness constraint mechanism. 

 

Table 2. Main Performance Comparison on QA Benchmarks 

Model NQ EM (%) WebQA Acc. (%) MMQA Acc. 

(%) 
AFS (%) HR (%) 

GPT-4 (Closed-book) 77.5 68.4 61.2 63.2 28.9 

DPR + FiD (Text RAG) 81.2 71.2 67.8 82.7 9.1 

BLIP-2 (VLM, No RAG) 74.8 79.3 72.4 71.5 18.3 

RA-CM3 (Multi. RAG) 83.1 81.7 76.9 84.2 8.6 

Atlas-11B (Large RAG) 84.6 73.8 69.1 85.3 7.8 

MultiRAG (Proposed) 87.3 84.6 82.7 91.4 4.3 

 

Figure 3. Answer Faithfulness Score (AFS) comparison across models — MultiRAG achieves highest AFS at 91.4%, 

demonstrating the effectiveness of token-level faithfulness constraints. 

Model GPT-4 DPR+FiD BLIP-2 RA-CM3 Atlas-11B MultiRAG 

AFS (%) 63.2 82.7 71.5 84.2 85.3 91.4 

HR (%) 28.9 9.1 18.3 8.6 7.8 4.3 

Fig. 3. AFS and Hallucination Rate (HR) comparison: MultiRAG achieves the highest AFS (91.4%) and lowest HR (4.3%), 

representing a 6.7× reduction in hallucinations over GPT-4 closed-book baseline. 

4.3 Ablation Study 

To quantify the contribution of each MultiRAG component, Table 3 presents results of systematic ablation experiments on the 

WebQA and MultiModalQA benchmarks. Removing the image retrieval modality (text-only retrieval) reduces WebQA 

accuracy by 8.4 points, confirming the critical importance of multimodal retrieval for image-dependent questions. Disabling 

the real-time ingestion engine and falling back to a static knowledge base reduces RKUB-2024 accuracy by 31.2 points — the 

largest single-component degradation, underscoring that real-time knowledge access is the most consequential capability for 

temporal knowledge grounding. 

Removing the faithfulness constraint during generation increases hallucination rate from 4.3% to 11.7% — a 2.7× degradation 

— while marginally improving fluency scores, confirming the inherent fluency-faithfulness trade-off and validating that the 

λ=0.3 regularisation coefficient achieves a favourable balance. Replacing the HNSW approximate index with exact exhaustive 

search improves recall by 0.8 points but increases retrieval latency by 47× (from 12 ms to 562 ms), validating the practical 

necessity of the approximate index for real-time deployment. 
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Table 3. Ablation Study Results on WebQA and MMQA 

Configuration WebQA Acc. (%) MMQA Acc. (%) AFS (%) HR (%) 

Full MultiRAG (proposed) 84.6 82.7 91.4 4.3 

w/o Image Retrieval (text only) 76.2 71.8 87.2 5.9 

w/o Table Retrieval 82.1 74.3 89.6 5.1 

w/o Real-Time Ingestion (static KB) 83.9 81.4 90.8 4.7 

w/o Faithfulness Constraint 84.2 82.1 79.3 11.7 

w/o Evidence Fusion Gate 81.7 79.6 85.4 7.2 

w/o Reranker (top-10 direct) 82.4 80.8 88.9 5.6 

 

4.4 Retrieval Latency and System Performance 

System latency measurements were conducted on a production-representative infrastructure configuration: an NVIDIA A100 

80GB GPU for inference, a dedicated FAISS server with 32 CPU cores for retrieval, and a 50-million-document multimodal 

knowledge base. Table 4 decomposes end-to-end query latency by processing stage. The dominant latency contributor is VLM 

generation (mean 1,840 ms for 128-token outputs), followed by cross-modal fusion (mean 280 ms). Retrieval and reranking 

contribute only 12 ms and 45 ms respectively, confirming that the HNSW index scales efficiently to 50M documents. Total 

end-to-end mean latency of 2,340 ms is compatible with human-interactive question answering latency expectations for 

complex knowledge-intensive queries. 

 

Table 4. MultiRAG End-to-End Latency Decomposition (50M Document Knowledge Base) 

Processing Stage Mean Latency (ms) P95 Latency (ms) % of Total 

Query Encoding 18 24 0.8% 

ANN Retrieval (FAISS HNSW) 12 19 0.5% 

Cross-encoder Reranking 45 68 1.9% 

Multimodal Evidence Fusion 280 340 12.0% 

VLM Generation (128 tokens) 1,840 2,210 78.6% 

Answer Verification 105 142 4.5% 

Real-time Ingestion (per doc) 340 480 — 

Total End-to-End 2,340 2,890 100% 

 

 

Knowledge Base Size 1M docs 10M docs 50M docs 100M docs 

ANN Retrieval Latency (ms) 4 8 12 17 

Index Memory (GB) 6.2 61.4 307 614 

Fig. 4. FAISS HNSW index scalability: retrieval latency scales sub-linearly with corpus size (4 ms at 1M to 17 ms at 100M 

documents), confirming practical suitability for large-scale real-time knowledge bases. 

5. Discussion 

The experimental results demonstrate that MultiRAG achieves substantial improvements over both parametric LLMs and text-

only RAG systems across all evaluation dimensions. The most striking single finding is the 6.7× reduction in hallucination rate 

(from 28.9% to 4.3%) relative to GPT-4 without retrieval — a reduction that is practically significant for deployment in high-

stakes domains such as medical question answering or legal information retrieval, where factual inaccuracies carry 

consequences disproportionate to their frequency. This hallucination reduction is attributable to the joint contribution of 
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retrieval grounding (which provides relevant factual context) and the faithfulness regularisation mechanism (which suppresses 

generation of unsupported content). 

The ablation study reveals a nuanced picture of component contributions. The most impactful single component for multimodal 

benchmarks is image retrieval (8.4-point WebQA accuracy drop when disabled), while real-time ingestion is most impactful 

for temporal queries (31.2-point RKUB-2024 accuracy drop). This finding has practical architectural implications: deployments 

in time-invariant knowledge domains (e.g., encyclopedic QA) can omit the real-time ingestion engine without significant 

performance loss, while applications in rapidly evolving domains (news, scientific preprints, financial data) require this 

component and would benefit from even lower ingestion latency than the 340 ms achieved here. 

The evidence fusion gate's contribution (2.9-point accuracy gain, 2.9-point AFS improvement) validates the importance of 

dynamic context selection over naive concatenation of all retrieved passages. As retrieval recall increases with larger K values, 

the volume of retrieved but irrelevant context grows proportionally, and without pruning, this noise degrades generation quality. 

The gate effectively acts as a re-relevance filter that operates at the fusion stage rather than the retrieval stage, complementing 

the upstream reranker. 

Several limitations warrant acknowledgment. First, the 7B parameter VLM backbone, while competitive, is substantially 

smaller than frontier models such as GPT-4V or Gemini-Ultra, and future work should evaluate MultiRAG's grounding 

architecture applied to larger backbone models. Second, the RKUB-2024 benchmark, while designed to evaluate real-time 

knowledge grounding, is a relatively small (500 questions) single-domain (English news) evaluation that may not fully 

characterise real-time performance across diverse knowledge domains and languages. Third, the faithfulness constraint is 

calibrated using an NLI-based evidence alignment classifier that may itself be imperfect, potentially over-penalising correct 

inferences that are not literally present in retrieved text. More sophisticated entailment models or symbolic verification methods 

could improve faithfulness calibration. Fourth, the system currently does not model retrieval uncertainty — situations where 

no retrieved passage adequately supports an answer — and may generate plausible-sounding but low-confidence answers 

without flagging their epistemic limitations. 

6. Conclusion 

This paper has presented MultiRAG, a comprehensive retrieval augmented generation framework integrating multimodal large 

language models with real-time knowledge-grounded question answering capabilities. The architecture addresses the three key 

limitations of prior RAG systems — text modality restriction, static knowledge bases, and absence of faithfulness constraints 

— through a cross-modal bi-encoder retrieval backbone, a sub-400 ms real-time document ingestion engine, and a token-level 

faithfulness regularisation mechanism. 

Experimental evaluation across four benchmarks demonstrates that MultiRAG achieves 87.3% Exact Match on Natural 

Questions, 84.6% accuracy on WebQA, 82.7% on MultiModalQA, and 91.4% Answer Faithfulness Score — outperforming 

all baselines by 4.2–9.8 percentage points. The 6.7× reduction in hallucination rate relative to closed-book LLM baselines 

represents a meaningful reliability improvement for deployment in high-stakes information-seeking applications. Ablation 

experiments confirm that multimodal retrieval, real-time ingestion, and faithfulness constraints each contribute independently 

and cumulatively to the overall performance advantage. 

The contributions of this work are: (i) a unified multimodal retrieval pipeline operating over text, images, and tables within a 

single shared embedding space; (ii) a real-time document ingestion engine with sub-400 ms indexing latency via FAISS HNSW 

online upserts; (iii) a cross-attention evidence fusion gate enabling dynamic context pruning; (iv) a faithfulness regularisation 

mechanism enforcing token-level grounding to retrieved passages; and (v) the RKUB-2024 benchmark for evaluating real-time 

knowledge-grounded QA systems. 

Future research directions include: scaling the generative backbone to larger VLMs; extending the real-time ingestion pipeline 

to video, audio, and code modalities; developing uncertainty-aware generation that explicitly signals low-confidence answers; 

exploring federated retrieval architectures for privacy-preserving enterprise deployment; and conducting large-scale human 

evaluation studies to assess user-perceived answer quality and trustworthiness in real-world deployment scenarios. 
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