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A Study on RAG Retrieval Parameter Optimization using
BM25+FAISS Hybrid Retrieval for Aerospace and Defense
Technical Documents in a Closed Network Environment

Hui-Seok Ahn*', Ho-Seong Lee*’, and Gun-Woo Kim**
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Abstract

Closed-network deployments of RAG systems cannot rely on cloud-based retrieval, yet most existing work assumes
unrestricted API access. We built a fully offline BM25+FAISS hybrid retrieval pipeline and tested it on 500 KIPRIS
patents and 700 NASA NTRS reports (~39,900 chunks). Varying hybrid weight (a), preprocessing, top-k, and similarity
threshold, we measured Recall@k, nDCG@k, and MRR across configurations. The dense-favoring setting (0=0.2)
reached nDCG@5 = 0.9948 and Recall@S = 0.905 — a 64.5% gain over standalone BM25 and 26.6% over FAISS
(p<0.05) — while k=8 yielded perfect recall across all a values. This work provides a reproducible offline retrieval
framework, domain-specific validation, and practical parameter guidance for security-constrained RAG deployments.
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Table 1. Performance comparison by RAG configuration
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Table 2. Performance comparison by chunking strategy

Chunking Context | Context | Faithful | Time
strategy precision | recall -ness (s)

Naive(1024,128) |  0.904 0935 0947 | 602

Naive(2048,128) |  0.897 0.890 0.930 10.7

Naive(4096,128) |  0.833 0.827 08%2 | 928

Semantic 0.62-0.90 | 0.64-0.80 | 0.72-0.87 | 8-9
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Table 3. Retrieval stage search configurations

No. | Method Features Library
(1| BM2% Sparse keyword whoosh
search
@ FAISS Densg empeddmg faiss, bbge-m3
similarity
3 Hvbrid z-score + a weighted custom
y fusion module

32 HloleM 75 & Tx 2|

tolEAlE & 48 o] gt Hof V&
TAE WECE T3 KIPRISOIA 371
T2 9 A 4 1P International Patent
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Table 4. Dataset composition summary

Source | Documents | Language | Chunks | Note
KIPRIS 500 ko 2069 xXlsx
patent metadata
NASA PyMuPDF
NTRS 700 en 36,933 +OCR
Total | 1200 kofen | ~30.000 | AVO 4967
pages
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Table 5. Preprocessing rules by stage
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Table 7. Comparison of major BM25 implementations

Stage Rule Example Purpose
(@) Meta | Remove doc | STD-STR-002 Noise
removal | no., footnotes | — (removed) | reduction
(b) taElree/:rc\{im Table 3 Context
Structure — <TABLE> | preservation
tags
© Untt | Unify units 5 in. Search
norm. (in—mm) — 127 mm | consistency
Lan;dljage b’i\ﬂre]grg%eal KO/EN term | Multilingual
— English QA
norm. terms
(e 800 tok, 150 2400 tok Context
Chunking overlap — 3 chunks continuity
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Table 6. Dataset statistics before/after preprocessing

Item Before | After Cr}:;n)ge Note
Total KIPRIS
documents 1200 120 0 +NTRS
Totl 3000 | 30900 | 72 | 800iok sliding
chunks
Avg - ~ Per 1,200
chunks/doc % 33 76 docs
Structure | Partial | Complete ++ Table/section
preserved
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Language Python | Java (Lucene) | Java (Server)
. Local Server
Operation ermbedded CLlI/Server Drocess
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ready Very easy Limited Difficult
Large
Scale <1e5 docs | =>1eb docs distributed
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Table 8. Definition of evaluation metrics
Metric Definition Purpose
Recall @k Ratio of relevant docs Retrieval
in top—k coverage
nDCG@k Normallzed.dlscognted Ran.k|lng
cumulative gain precision
Mean reciprocal rank of Response
MRR . ) o
first hit efficiency
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Table 9. Experimental variable settings

No. Variable Values Description
() | aweignt | {02 05 0g | Sparsebense
ratio
2 Top—k {3, 5, 8 Candidate count
3 Threshold {0.20, 025, | Cosine §|m|lar|ty
0.30} min
(4) | Preprocessing | {Applied, Not} Structure
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Table 10. Experiment pipeline (7 stages)

Stage Task Tool Output
0) Datg requests, raw_texts/
collection pdfplumber
@ Datg Python . cleaned_texts/
cleaning preprocessing
Chunk .
® o custom chunker chunks.json
splitting
@ | Embedding sentence-transfo embeddings.npy
rmers
® | Index build | faiss, whoosh faiss.index,
whoosh/
Hybrid . .
® search hybrid_search.py | search_results.jsonl
@ | Evaluation | eval_retrieval.py resuls.csv,
graphs/

36 He 2k 3 o

37 e F 407 ATYE U, dto|He
T ZAM(a=0.5, k=20, threshold=0.25) F35to] A
9207 A2E FHsta AsoE FosiAnh 4
AYEZ 49 1595 Fd(rel=1), 620915 H]H
Hrel=0) 0.2 EF3le] & 113} o] 3 800712 ]
A gpie FASGT. BUF A RE om #HAA 7
O 2 Al4EE, nDCGY o5 e o)zl

AAE ol&% RAG 44 Seirle 43 A

EAdol we} Aol Aedd EAT F¢
O = 1,00 ZH st #hol At=HET

1. ol &&F 7|&
Table 11. Binary classification criteria

Grade rel Definition

Hybrid result rank 1-5
Hybrid result rank 6-20

Relevant 1
Not relevant | 0
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Table 12. Auto-label stability analysis (40 queries average)
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Table 13. Search performance by a weight (k=5)

a | Recall@5 | nDCG@5 | MRR Feature
02 0.905 0.9948 10 Semantic query
advantage
05| 0940 0.9903 10 Balanced
(default)
08| 0% | ogew | ogers | Keywordnumerc
advantage
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 do

BM25 (Whoosh)
(ky=1.2, b=0.75)
Score
Standardization

Query (User/QA set)

Filter & Select

»|Similarity threshold (=0.25)}—p
Top-k (k=5)
BM25 tie-breaker

Weighted Fusion
S_hybrid = a:z_BM25
+ (1- @)Z_FAISS
o€ {02, 05, 0.8)

Evaluation

Recall@k, nDCG@k, MRR
+ (optional) p-values

Dense Index

FAISS (IndexFlatIP)
L2-normalized —
cosine

Korean/English (per query)
~ normalized \ / Z-score: z(x)=(x-p)/o

J8 1, Ho|-AM-"Tt Ao slo|HE|E RAG M2l 5§
Fig. 1. Hybrid RAG processing flow for query-search-evaluation
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Table 14. Performance with/without preprocessing

Preprocessing | Recall@5 | nDCG@5 | MRR | Impact
Not applied | 068 059 | osg | \Vetedata
noise

) Context
Applied 0.72 0.68 0.66 oreserved
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Table 16. Search performance by threshold
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