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Abstract

In this study, collapsed building detection using UAV (Unmanned Aerial Vehicle) and PlanetScope satellite
images was carried out, suggesting the possibility of utilization of heterogeneous sensors in object detection
located on the surface. To this end, the area where about 20 buildings collapsed due to forest fire damage was
selected as study site. First of all, the feature information of objects such as ExG (Excess Green), GLCM (Gray-
Level Co-Occurrence Matrix), and DSM (Digital Surface Model) were generated using high-resolution UAV
images performed object-based segmentation to detect collapsed buildings. The features were then used to detect
candidates for collapsed buildings. In this process, a result of the change detection using PlanetScope were
used together to improve detection accuracy. More specifically, the changed pixels acquired by the bitemporal
PlanetScope images were used as seed pixels to correct the misdetected and overdetected areas in the candidate
group of collapsed buildings. The accuracy of the detection results of collapse buildings using only UAV image
and the accuracy of collapse building detection result when UAV and PlanetScope images were used together
were analyzed through the manually dizitized reference image. As a result, the results using only UAV image had
0.4867 Fl-score, and the results using UAV and PlanetScope images together showed that the value improved to
0.8064 F1-score. Moreover, the Kappa coefficiant value was also dramatically improved from 0.3674 to 0.8225.
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Table 1. Specification of PlanetScope

Sensor PlanetScope
Spatial resolution 4.0m
Blue : 455-515nm
pratangs | G 05
NIR : 780-860nm
Swath band 400km
Radiometric resolution 12bit
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Table 2. Specification of UAV and camera

UAV : Inspire 2

Camera : Zenmuse x4s

™
Weight 3,440¢g Weight 253g
Speed Max : 94km/h FOV 84°
Flight altitude =5,000m Focal length 8.8mm
5,472x3,648um (3:2)
Flight time =27min Pixel size 4,864%3,648um (4:3)
5,472x3,078um (16:9)
Hovering accuracy HZS{;)C;LZI 015 r5nm ISO 100
Table 3. Information of study site 3. i
Sensor Site information
Resolution Som 3 ATLOIA TR UAVSE thl7] 4 HET 5
DAV Image size 3118 <1700 (pixels) )%= PlanetScope 2 o]-&-3) 23| A% &2 Agstgic). o
Loca}lt?o.n Goseong-gun, Korea T2 23570 A AehS Tl UAV Ak PlanetScope
Acqé‘;f:“’“ 2019/05/27 JAFol| T WA} BAL =331t UAV QAR 3%, 12%,
Resolution 4m 32% 18]al 56%°] HHAMES 7A]= HEAME(reflectance
Image size 74 <51 (pixels) panel)Z ©]-8-5}0f WAL HA]S 35131 2™ PlanetScope 9
PlanetScope | | ocation Goseong-gun, Korea ol @4 7 A WAF BA7 R ol A R O uf A A
Acauisiion | yrg0y1s | gogosy 89101 A BB Sadsisiel 1 cCognion 43 E4]
o o} o] 83 UAV 24| £ A-&

(d) PlanetScope
(after forest fire)

(c) PlanetScope
(before forest fire)

Fig. 1. Images used in study
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Satellite Imagery
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UAV Imagery
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Multi-resolution
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‘ | GLCM Dissimilarity

Radiometric Correction

| ]
| Maximum DSM ‘
I T I

Candidate of Collapsed
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Collapsed Buildings

Fig. 2. Flow chart of collapsed building detection
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Maximum DSM (Digital Surface Model) Al 7}x]2] E4 4
BE gtk APl Aa w9l n Balagt
o] B W 2a50] SIAg Toltt. o] ]

oA SHdES EReU7Il 9 FdEES AR
&) 714 2 MRS Aok A e ArAsE] 99
EXG Z6S AFSIICE 1 % o1 Aol vla) 3% 7
A 50 2 7k GLCM Dissimilarity ZF2 722 o] & 0]
890 Sl Pzt ERTI of I 0 sl
23 3k B3B3} ]2 GLCM
Dissimilarity %A% 7}74 BYHAE TR R S F2EHQ
th o|5 AANT7] $18] DSM Zk& o]-&5k¢len 4HE 1]
= ¢l AFET} Means DSM 1o $-AFSH QR o] Haj7
o] HlEdA e oA E = A WA[sl] ffl ZiA|
oA 71 & DSM g2 A 440 2 Tddl= Maximum
DSME AHE8 B dER QEAH AHETsE o2 U

S8 AN

3.2.1 ExG

HEHA] Glo] FER 7V e 07 dolubs 27

7k Aol whaha ATt ARe] Bl gett A
HAE floll BHH 2R o] Fo| Ao} grh(Awrangjeb et al.,
2011). ¥ A70] Aol gt 24 @ Akg|elel 44|
ofo] 2 HES AXshy] o} BFsks T4o] wEAl A
3]ojof il Uutr o7 AR F=Zo]l= NIR HIES
ggslo] AAAR4 (NDVI: Normalization Difference
Vegetation Index) S A}-8-5= Zlo] dulzou} 255 UAV
AJAFS NIR Wl E 7} 323}%] 7] QF& sl v Enko 2 LA o]
910} 0|5 T8t 5= girk olel) £ ATolA L Yt HEghe
o83 A7l ol ExGE AHg3telon 1

218 Eq. (1)9} Zth(Woebbecke ef al., 1995).

S EEF

ExG=2G—
_ 9
r+g+b
I (M)
N r+g+b
- _ b
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(R+ B)

where r is a red band, ¢ is a green band and b is a blue
band.
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3.2.2 GLCM Dissimilarity
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where, /V is the range of pixel values present within each
kernel, i, j are the coordinates within the kernel, n (3, j) is

the pixel value of the coordinate i, j position.
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(Fig. 6(a).
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(a) Candidate of collapsed
buildings

(b) After removing over-
detect buildings

(c) After including under-
detect buildings
Fig. 8. Collapsed buildings

(d) Reference data

A . £ L ‘ J ‘I = .J' ¥

Fig. 9. Final collapsed building detection results
Fig. 9% A% B3 21 2] 4AS w0 = i}
EhW Aoln] Bujel7] Ho) AEo] AA} 5] XA
o}

=
© WA O] S E o] 'HAlE A g

s

bu
ofN

2

o

2l HStER] Aok P7HE QoA 29 Afo]EojlA]
AHEEAY H9] Q1R VAV S F3HAIA
ARt 2 AR ARSI 2 AFollA e e ARS
0]-831 &8 H7= Q8RS YEl|+= FPR (False Positive
Rate)Z} PPV (Positive Prediction Value) Z12]31 FNR (False
Negative Rate)9] Z3}H£21 Fl-scoreS E3l H7}5kich
(Eqs. (@) and (5)). 3%, = 22 Apole] o2 w2 sholgt
AH§3H= Kappa 2|42 o] 85 B7HE 2714 0.2 445
TH(Eq (6)). 2 AT HE $IART} 1 9je] A 2t
P (Positive)2} N (Negative) & &2 LEFJITE E5E B34
o] == A= A% 79 TP (True Positive), 5-1]
ol FHHER FAEA ¢h8E 49- TN (True Negative),
B2 9)o] Al BAAER QekAEl FS FP (False

Ny 82

[ERT T

194

Positive) 12] 1l B3] AE0] 71 ]2 x|¢o 7 oex|x 7
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o
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P, 0 P e
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Table 4. Accuracy Evaluation

UAV Satellite UAV+Satellite
Candidate of Change detection Ai;:sz:;%‘g& ‘éltng Alf:le(;'elrlifil;?c?g
collapsed buildings result buildings buildings
FPR 0.2535 0.2522 0.0571 0.0562
Fl-score 0.4867 0.5762 0.7647 0.8064
Kappa 0.3674 0.5443 0.7250 0.8225
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