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[Abstract]

Utilizing drones for object detection presents a challenge in the construction field. Drones capture data from relatively high
altitudes, resulting in images with a limited range of viewing angles for object formation, unlike the typical images used for object
detection. These drone data characteristics impose constraints on the application and utilization of object detection models trained
on general images. Therefore, methods tailored for drone data characteristics are required to enhance object detection performance.
This study analyzed deep learning-based research projects and reviewed the literature to explore methods for enhancing the utility
of drone-based object detection. The primary objective was to improve object detection rates in the construction industry by
leveraging drone datasets. We investigated the conditions and requirements for enhancing object detection performance, applying
typical data preprocessing to drone datasets and models such as you only look once (YOLO) and faster region-convolutional
neural network (FRCNN). Additionally, we supplemented the datasets with low resolution images, to address challenging object

feature extraction.
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Figure 1-a : topic = object detection, by publication year

Research Areas Record Count ratio

1 Engineering 34,622 44.01%

Computer Science 34,565 43.93%

Imaging Science Photographic Technology 10,139 12.88%

Telecommunications 6,703 8.52%

Remote Sensing 8,242 7.93%

17 Transportation 1,715 2.18%

27 Construction Building Technology 478 0.60%

84 Urban Studies 38 0.05%

Figure 1-b : topic = object detection, top 5 by research area
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Figure 1-c : topic = object detection, all field = UAV or Drone,
by publication year

rank Research Areas Record Count ratio
1 Engineering 1,265 45.66%
2 Computer Science 1,059 38.23%
3 Remote Sensing 631 22.78%
4 Imaging Science Photographic Technology 539 19.45%
5 Environmental Sciences Ecology 318 11.48%
19 Transportation 45 1.62%
22 Construction Building Technology 28 1.01%
48 Urban Studies 3 1%

Figure 1-d : topic = object detection, all field = UAV or Drone,
top S by research area

X2 Web of Science)

Fig. 1. Cumulative Research Trends in Object Recognition Over the Past 10 Years (Web of Science)
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Table 1. Enhancements to legal frameworks for drone utilization in public agencies

No Organization Cases of making legal basis
¢ Deliberation on the 'Partial Amendments to the Enforcement Decree of the Law on Assembly and
1 | Korean National Police Agency Demonstration' and the 'Partial Amendments to the Police Unmanned Aerial Device Operation
Rules' (24.03)
« Established a dedicated department ('21.01)
2 | Korea Coast Guard * Established a standard for unmanned flying devices ('22.08)
. ) « Establishment of the Drone Operations Command, enactment of the 'Drone Operations

3 | Ministry of National Defense (MND) Command Order' (23.06)

4 Korea Meteorological ¢ Revision of the rules for enforcing the position of the Korea Meteorological Administration and its
Administration (KMA) affiliated organizations/Increase the number of personnel required for drone operations ('22.02)
Ministry of Land, Infrastructure and ¢ Partial Amendment to the Enforcement Decree of the Act on the Promotion of Drone Ultilization

5 Transoort (MOLI’T) and Foundation (Draft) ('24.04)

P * Drone Geodetic Survey Regulations ('23.08)
6 Seoul Regional Office of Aviation » Drone Safety Management Guide ('20.08)
(SPOA)
. . . * Establishment and enforcement of the Unmanned Aerial Vehicle Operation Guidelines of the
7 | Ministry of Oceans and Fisheries o } : .
Ministry of Oceans and Fisheries ('20.11)
8 Naponal Institute of Agricultural « Safe Use Manual for Drones (118.12)
Sciences
9 | Korea Forest Service ¢ Revised and implemented the Guidelines for the Operation of Forest Unmanned Aerial Devices
('22.06) Revised the Manual for Forest Pest Control Project Using Drones ('19.03)
10 | Cultural Heritage Administration ¢ Advanced Momtgnng Techniques for Scenic Landscape Conservation Using LiDAR for Ultralight
Drones Manual ('21.02)
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Table 2. Current status of object recognition technology
using drones in domestic public agencies

Organization Category Target
1 | Korea Coast Guard Surveillance | People
2 | Ministry of Oceans and Fisheries | Research Marine life
3 Naltlonal Institute of Agricultural Research Crops
Sciences
4 | Korea Forest Service Surveillance | Disaster
5 Ministry of Land, Infrastructure Surveillance | Facilities
and Transport
6 | Cultural Heritage Administration Surveillance | Wildfires
7 Na‘tlonal Institute of Forest Surveillance | Wildfires
Science
8 Na‘tlonal Institute of Fisheries Surveillance | Sea pollution
Science
9 | Ministry of Justice Surveillance | People
10| Ministry of Environment Surveillance | Facilities
11| National Fire Agency Disaster People
12| Public Procurement Service Search People
13| Rural Development Administration | Surveillance | Facilities
14| Korean Customs Service Surveillance | People
15 Korea Lalnd and Housing ngety _ People
Corporation Diagnostics
16| Korea Airports Coporation ngety ) Facilities
Diagnostics
17 Korea Authority of Land & Safety . Facilities
Infrastructure Safety Diagnostics
18 Korea Wgter Resources Surveillance | Sea pollution
Corporation
) . Safety i
19| Korea Railroad Corporation Diagnostics Facilities
20 Korea Rgral Community Research Facilities
Corporation
21| Busan Port Authority Surveillance | Facilities
22| Incheon Port Authority Surveillance | Facilities
23| Busan Port Security Corporation | Surveillance | People
24| Korea Electric Power Corporation | Surveillance | People
o5 Korga Electric Power Research S{:lfety _ Facilities
Institute Diagnostics
Korea Petroleum Quality & Safety
26 Distribution Authority Diagnostics People
57 Korea Elgctrlcal Safety Safet\/ , People
Corporation Diagnostics
28| Korea Environment Corporation Surveillance | Sea pollution
) ) Safety
29| Korea National Park Service Diagnostics People
30| Korea Institute of Nuclear Safety | Surveillance | People
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. Quantity of data Number Shooting
Satellite .
No. Name or Drone | Trainni Validati Test of class Types of classes altitude /
rainning alidation es types Pixels
1 UAV123 Drone 1283 videos 9 bike, bird, building, etc. 5m~25m
2 COCO (2017) N 118,000 5,000 41,000 80 person, bicycle, car, etc. -
3 | PASCAL VOC (2012) N 10,990 5,717 5,823 20 person, bird, cat, cow, etc. -
4 ImageNet N 1,281,167 50,000 100,000 1000 | various types of classes -
5 VisDrone—-DET Drone 6,471 548 1,580 10 pedestrian, people, bicycle, etc.
6 UAVDT Drone 80,000 frames from 100 videos 3 cars, buses, and trucks
contains 226,291 person annotations
) L in total 451015
7 DLR-ACD Helicopter 33 large aerial images « obtained by 16 different flight cm/pixel
campaigns
8 CIFAR-10 N 5000 - 1000 10 airplane, automobile, bird, etc. 32.X 32
(per class) (per class) pixels
9 CIFAR-100 N 500 _ 100 100 aquatic mammals, fish, flowers, etc. _
(per class) (per class) *20 superclasses
10 BDD100K N 70,000 | 20,000 | 10,000 1o | Pedestrian, rider, car, etc.
*Front view
(v1.0/1.5)(15 classes) plane, ship, 2000m
) storage, etc. (4000 x
" DOTA (v1.0) Satellite 1.411 458 936 15 (v2.0) 15 classes + airport and helipad 4000
* Google Earth, GF-2, JL-1 satellite pixels)
- seq (eth): 1 (8m 37s)(.avi) Pedestrian
12 EWAP N - seq(hotel): 1 (12m 53s) (.avi) *low—altitud, annotated /m
car, bus, van, and others
13 UA-DETRAC N 100 videos *Using Cannon EOS 550D
*low—altitude, annotated
14|  SeaDronesSee Drone | 5,630 859 1796 *Object detection version
*Top view
15 UCSD N 2000 frames Pedestrian *Low altitude
E 4. 2 o1y 4N wel Maleip
Table 4. Object detection improvement methods
) ) , . Detection target
No. Author (Published year) Object detection model Super resolution Dataset
Person Etc.
1 Wang et al. (2023) improved YOLOx—x - 0 0 VisDrone
2 Yang et al. (2022) improved YOLOV5S - 0 0 VisDrone
3 Zhang (2023) improved YOLOV8 - 0 0 VisDrone
4 Liu et al. (2021) FRCNN - 0 0 VisDrone
5 Zhou et al. (2024) improved YOLOV5S - 0 0 VisDrone
6 Liu et al. (2020) improved FRCNN - 0 0 VisDrone
7 Hui et al. (2024) improved YOLOv7 DRSR (proposed) 0 0 VisDrone
8 Zhang et al. (2023) improved YOLOVS EDSR 0] VEDAI (satellite)
9 Wang et al. (2022) YOLOvV5 MCGR (proposed) 0 RSSOD (satellite)
10 Mu et al. (2020) FRCNN GAN based O O including VisDrone
11 Xing et al. (2019) improved FRCNN GAN based 0 0 constructed (drone)
12 Shermeyer and Van Etten (2019) YOLT / SSD VDSR / RFSR 0 xView (satellite)
13 Courtrai et al. (2020) YOLOv3 / FRCNN WGAN 0 VEDAI + xView (satellite)
A4 Fofll M= 2 7AE, 714 A, < ), 1Y 5 &5k Aol Aok w3k 1A Lol:9 735, @l gk ol
& Qldata BRI A8l olel@ deleldle] BEHQUL. olElAS A3 TESALHI01-(12] COCOLE HlolElAl
A AL Ao A DAE= oRkslk Askal A4S E5k3) Z 31}, Common Objects in Context)ﬂ 2ol Abe, AbeF
tlo]g A& ARl Flo] oA o, AA| vlo]y Al T8t o] X3E 7]1E volgalel 1A Ao onA & X3
£ 2 olele 497k Wol thtek dlolEl e Eqatel & of slpAlA A A AR g ARARTH13),
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%&mm Yo qwi} 711;}(¢L 4)
T2 A #og dlo]E Al VisDrone H|o|HAlS 8H5
NFoZM Object Detection R9S APs HG, F=2
mAP(mean Average Precision, @12 Zd2~0) o3t AP
Hi#to 2 Adee) AdE 119 %711 e E QX E
Mol Ax=E Z&siicH14]-[16]. mAPe] i+
IoU(Intersection over Union, Q]ﬁﬂ ZAA A e} AA A
Al A 2ke] oS SAsh= A3 #hel wEl mAP5O,
mAP75, mAP90, mAP50:95 5°] A5t} 18]al £4
S2~oll gk Hd B4 A E(Average Precision)S ™
Algk AT QITH[8]
& HolEAle &85 AA) ‘%‘fﬂ APATE] A5, &

& olnxE FHAZIAY16],[17], 54 = HES]
FA(Feature Pyramid Network) BEE 2EL FlelAY &
x%s]—‘: H}Noi }\é‘:.g 7H}1‘j[ ] [16 19 /\]7]7] _?4

3k H]—lﬁ oﬂ LHs]— Al o]l:}

ol = MPATFEoNAE A B3 e MAS S8
YOLO(A A 212 =dl 5 3}, You Only Live Once?] ka})
R Fes 22 AA §AE 98 A8 15],116],
[18], &g IRIFIsta[20], =4 & *’F@ﬂ?ﬁ‘ﬂr
[81,[18]. Liu 5¢ 97+ =2 # dloJgiMloAe] 2
A B4 A% TS el A spdo] oFst Hol 2
oF3te] CSKD(Cross—Scale Knowledge Distillation) 7%
< &3 olnA] gt AT FYUg aE AU o= 13|
FEe] oHA|F ATl AT} o] AFARE 1] & o3
SHA ¥ el 8].

3 Wang 59 4% YOLOX(L B AE HEo 73 sk A
=9 wol= olz-ag B YOLORD)S Lxslis
IoUel|A SloU(Scaled Intersection over Union, 7]<&
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