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A Study on the Density Analysis of Multi-objects Using Drone Imaging
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ABSTRACT

Recently, the use of CCTV to prevent crowd accidents has been promoted, but research is needed
to compensate for the spatial limitations of CCTV. In this study, pedestrian density was measured
using drone footage, and based on a review of existing literature, a threshold of 6.7 people/m® was
selected as the cutoff risk level for crowd accidents. In addition, we conducted a preliminary study
to determine drone parameters and found that the pedestrian recognition rate was high at a drone
altitude of 20 meters and an angle of 60°. Based on a previous study, we selected a target area with
a high concentration of pedestrians and measured pedestrian density, which was found to be
0.27~0.30 per m?. The study shows it is possible to measure risk levels by determining pedestrian
densities in target areas using drone images. We believe drone surveillance will be utilized for crowd
safety management in the near future.
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kA, B dAFoAE CCTVY A o g t2 JiHs gste] Rgrte] Uydss A3t
th Bz UYEE SAHE] 98 =& 1%, et A=) wE A BA &0l 2 gvEE
Z3to] AA FAV NHE AAE HFoE Bgze] PSS S35t CCTVY A FHo s &8st
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<Fig. 1> Emerging Urban Disaster Types(Shin and Kim, 2020)

70 DIZTSOR|=27 TI233, M22(2024H 49)



Lorenl of siak e thes tepes of oronesd vt s i movuadl oodigue | Camnmadas oyl dolacd on refio sl

M dlariactace e |

[ |

Bploofioen of deceno Bnages panseTie b

Crorandod rumibssr of peogphs

P BT st

i, 16, 30 30, Ak &0, Fh, @07 1,85, 6 7

Chasiremtin of pacambars for flsing o banget il

Sednction of target aite

Promilarafrimim ananeiiiy s o oar e aem ey
bmiitsin] womdh i) o
Fodesinans concenirsiod in 8 soooilio seolion

Falrrving 1hm tasgel nikn

hmasdrs risk el of the tanget site

<Fig. 2> Research flow chart
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<Table 1> Pedestrian Level of Service
Level of service Pedestrian traffic flow rate Occupied space Density Speed
(LOS) (pet/min/m) (m'/per) (per/m’) (m/min)
A < 20 > 33 <03 > 175
B 32 > 20 <05 > 72
C < 46 > 14 < 07 > 69
D < 170 > 09 < 11 > 62
E < 106 > 0.38 < 26 > 40
F - < 0.38 > 26 < 40
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1-Stage detector *}2& AAsIGlom, A Abg 5o BA o] +-3 YOLO(You Only Look Once)S &
&3tk YOLOE izl ez 22 A7)k whe A &= 542 7HAL 91, AHAE daks gAlel
et 2l 3718 AEE 5 9lon, gAE A ste AR wet md 72 Heko] AfFrhe gl 9l
Ch(Jiang et al., 2022).

YOLOS Hj#d 7|& 23S 123 Ay 2020 EEH YOLOvSZ) 7H8 Be HeAS Jea e
o, HolHAlY 2d 2eS T3 7|Eo Z2 A &Rl FAHES B HES AT AN 4F

A Ao F85e A7 237} Jth(Mahaur and Mishra, 2023). webA o] 9} 2+ AMEFS wEEte] B o
TollA s B3P A4 GA S Hel YOLOvSE AH&-akaitth S5 tlolB Al <Fig. 3>3} <Fig. 4>9] o|n| A&
sh&Hlo]lEHZ AA3I4 3, MS COCO HolE|9} Al Hub?] HloJE & ¥ 1,800%2 S5 HlolEHE AME319 L
™, Training¥} Test HoJHE 82 HI&E SF3I3Th

<Fig. 3> MS COCOQO Training Dataset Examples
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FSATh AEUHe 1m? B3 U &9 v 94?‘5.4#%% 1346}04 15@, 34, 5%‘, 7ol BT FEe
B FEsAoH, 7 FgolA =& 1% B 7wt =2
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? <Fig. 5>, <Fig. 6>3} <Table 2>9} 2T},

It

<Fig. 5> DJI Matrice 300 RTK <Fig. 6> DJI Zenmuse L1
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<Table 2> Specifications of the Drone Equipment

Matrice 300 RTK Zenmuse L1
. 810 x 670 x 430 Lo

Size(mm) L xW xH Valid pixels 20MP

Weight(kg) 6.3 Picture size 5472 x 3078 (16:9)
Wind resistance(m/s) 12 Focus distance 8.8mm/24mm(Conversion)

Maximum flight time(min) 55 Video resolution H.264, 4K: 3840 x 2160

. Vertical : 0.5

Hovering accuracy(m) Horizontal © +1.5 Aperture range 2.8 ~ f/11
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<Table 3> Experiment Scenarios
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<Fig. 7> Object Undetection and Misrecognition
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<Table 4> Result of Preceding Research (Unit: Mean Average Precision)
Number of crowd (per m?)
Height(m) Angle( °)
1 Person 3 Person 5 Person 7 Person Average
30 091 0.87 0.80 0.79 0.84
10 45 0.95 0.90 091 0.80 0.89
60 091 0.71 0.83 0.70 0.79
30 0.90 0.71 0.83 0.70 0.79
15 60 091 091 0.90 0.80 0.88
75 0.92 0.85 0.82 0.83 0.86
45 0.93 0.79 0.73 0.78 0.81
20 60 0.92 0.90 0.87 0.73 0.86
3. oip He|

Aupatal WA 7hsAol =& Has tdAE 8 = e HAE ”01"4 EEB‘QJ&} ol gl Algto]
U oA F2 DA gepx AF didAe Ad=

2 AR, £ SE MAE A ABITR £AS Woh BAL ABHAT,

(a) Drone Captured Target Area (b) Pedestrian Detection Area

<Fig. 8> Object Undetection and Misrecognition
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0985 ool F&& VYeREA AA &Ao froju]g Rg UEbdth Box Loss Epochs 10 ©] %] 1.23
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Box Loss Class Loss Object Loss
<Fig. 10> Model Box Loss, Class Loss, Object Loss Performance Results
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Number of crowd Crowd density (per m?) Number of crowd Crowd density (per m?)
0.27 63 0.28

Number of crowd Crowd density (per m?) Number of crowd Crowd density (per m?)
70 0.27 67 0.30

<Fig. 11> Images from Target Area and Crowd Density
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