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Abstract

This paper proposes a smart device book retrieval system using VPS (visual positioning system) based on camera
images in indoor library environments where GPS signals are unavailable. To overcome the infrastructure dependency
and radio interference vulnerability of existing indoor positioning technologies such as Wi-Fi, BLE beacons, and UWB,
we build a deep learning pipeline integrating DINOv2 feature extraction, FAISS image retrieval, and Reloc3r pose
estimation. To address the visual aliasing problem in repetitive bookshelf environments, we propose a spatial graph-
based search restriction with 54 clusters and 98 edges. We built a COLMAP 3D map from 14,652 reference images at
Sogang University’s Loyola Library and evaluated with 839 query images. DINOv2 reduces feature vector dimensions by
97.6% compared to NetVLAD while improving Top-3 accuracy by 5%p. Cluster-based search achieves 95.7% accuracy
within 3m and up to 46% reduction in processing time. A usability study with 11 participants confirmed an SUS score
of 81.82 (grade A) and a 25.2% reduction in book retrieval time.
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Table 1: Comparison of processing time for major VPS meth-
ods

Method Approach Processing Time (s) Accuracy
HLoc [2] Feature matching 5-10 High
COLMAP+PnP [8] Feature matching 10-30 High
PoseNet [3] Pose regression 0.005 Low
NetVLAD+PnP [4] Retrieval+matching 3-5 Medium
Reloc3r (proposed) [5] Retrieval4regression ~1 Medium

HyperIQA[9]= CVPR 2020914 Agtd  F3Z(no-
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Table 9: Success rate by distance threshold: global vs. cluster
search (Route 2, K=2)

Distance Threshold Global (%) Cluster (%) Improvement

Within 1.0m 1.5 39.2 +37.7%p

Within 3.0m 59.4 95.7 +36.3%p

Within 5.0m 89.2 98.2 +9.0%p
4.7 Y 24
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W) (76834 91) = @A) 14,65270¢] 43MBe]ni, 57 & 23 A
214MB, 71 A 7+2(276,000%) A] 808MBZ 41§ 4=},

Table 10: LRU cache size performance (5 independent runs,
mean =+ std dev)

Cache Size Hit Rate (%) Memory (MB) Reduction (%)

3 40.8 £ 2.8 2.62 94

5 54.2 + 4.2 4.44 90

10 724+ 6.7 8.40 80

15 81.3 £ 5.3 12.62 71

20 86.4 £+ 6.4 16.65 61
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Table 11: Summary of usability test evaluation results

Metric With System Without System  Improvement
Avg. search time (s) 145.4 194.5 25.2% reduction
Task success rate (%) 100 90.9 +9.1%p
Task failures 0 4

SUS score 81.82 (grade A) -
Navigation ease 4.36 / 5.0 -
Disorientation prevention 4.55 / 5.0 -

Smart glasses preference 4.82 /5.0 -
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Figure 13: Indoor book navigation service screen. Provides
route guidance to the target bookshelf and book information
based on real-time VPS positioning.
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