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ABSTRACT

With the rapid development of digital-based industrial structures, the construction industry is also rapidly adopting
smart-based technologies and unmanned automation, leading to an increase in the construction of new buildings. To protect
against fire, disasters, and other emergency situations, installing firefighting facilities is mandatory , and continuous
management is required. However, owing to the increase in new buildings, the installation of firefighting facilities is
increasing, but the manpower to manage and inspect these firefighting facilities is lacking, In this paper, a technical
improvement plan is proposed for the existing analog method of facility inspection. By combining deep learning algorithm
and augmented reality, a fire protection inspection system is developed and inspections are performed through wearable
devices. To train the object detection model, we built a dataset of five types of firefighting facilities. The trained YOLO
v4 model achieved a performance accuracy of 93.6%. The proposed system is expected to perform more convenient and
reliable inspections and to help with fire safety management by enabling both fire safety professionals and the general
public to learn about fire protection inspection systems and perform self-inspections.
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Figure 1. System architecture of firefighting facilities inspection system.
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Figure 2. Learning flowchart of YOLOv4 model.
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Table 3. Training Results of Complaint Firefighting Facility Dataset Using YOLOvS5 Model

Model* Class Name Instances AP (%) mAP@0.5 (%)
FireExtinguisher 3073 92.5
Indoor_Fire Hydrant Close 2458 87.4
Indoor_Fire Hydrant Open 3002 89.2
YOLOvSs 93.6
Smoke Detector 2524 97.3
Fire_Escape Light Refuge 2295 97.6
Fire Escape Light Aisle 2264 97.6
* Input Size 640 x 640
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Figure 3. (a) Result of firefighting facility detection model, (b) Result of compliance and non-compliance object detection model.

Table 4. Training Results of Comp YOLOv5 Model Using the Compliant Fire Facility Dataset

Model* Class Name Instances AP (%) mAP@0.5 (%)
FireExtinguisher OK 1559 93.7
YOLOv5s - — - 91.9
FireExtinguisher Fail 1327 90.2

* Input Size 640 x 640
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Figure 4. Augmented reality firefighting facilities inspection system run with Hololens 2.

A Hesta G802 AYRAAE JHE APL 4 A=
AAgE flojelE HrtolAE &8st JEyd 75 ARAAEE
A AAFRE ARbeH. 789 #7112 2Hdstd da H
Aks g, geld gaEES E8ote] g5t mds
A A2 HEoto] AMAEES A J4leta, 1 A
£ HigoE AAE FHE ST S UEE SH

2 A4 A" Hed ded g2 2y 153 A%
AAE HlolHE HigoR SigEgloH, 7k BEo] g5
YOLOv4 mAP 93.6%, 333} ¥Z<2] YOLOv4 Tiny 2E9]
mAPE 92.83%=2 & XJo]&= Q19 Al hubolA HHEEH T
LA D FAAA A QP dHloEAle & AJAF] &
£ 5 QA g Yotz 7|&9] HdHT 450
FdE HA YOLOVSE Bl ss2 XId¥siqiet. 11 Azt
mAP 93.6%Z YOLOv4 ZE9] mAPS} Z9tom, Fvmls
FE FEoh= g5 BE9 B 91.9% FIEE At o]
£ o R 7|E AlaHe] H8e £ AU TS EIF
T AoH, 5 A&H AT B B 7|29 AAH
Hoh 52 459 3 2dg F=oke o 888 5 S
Aoltt.

AbE AAE JH AlAE2 22ARE B AT 0]
H|AE Y4 tlolEl& wol AHE Hdsie] S5 dEd
nde B3 Astal AR FA s AYS vEgoR
4] 52 =0l HFIRITHA on-device FEHEE AlA
g 8% 5 k& Aotk o Yo} Axzte g HHAte
AXE QAska, FHT AHES] JHE Helde B &
o = I EE FEeH 25 7Rl ol5A 52 &8% F

ol AAoRE WA TMsAE AUt o2 sRto= 4upH
7 A2ES AT BYRiThE AN B 4R 58
B0} op e} ARHAdE =88 % 4= 9l AARlow
g Aoz Zldgct

e ofN
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7|

2 Q7 2023UE HoleAREANe] Yo An
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