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Comparison of Feature Point Extraction Algorithms Using
Unmanned Aerial Vehicle RGB Reference Orthophoto

ABSTRACT

Asunmanned aerial vehicles(UAVs) and sensors have been developed in a variety of ways, it has become possible to update information
on the ground faster than existing aerial photography or remote sensing. However, acquisition and input of ground control points(GCPs)
UAV photogrammetry takes a lot of time, and geometric distortion occurs if measurement and input of GCPs are incorrect. In this study,
RGB-based orthophotos were generated to reduce GCPs measurment and input time, and comparison and evaluation were performed
by applying feature point algorithms to target orthophotos from various sensors. Four feature point extraction algorithms were applied
to the two study sites, and as a result, speeded up robust features(SURF) was the best in terms of the ratio of matching pairs to feature
points. When compared overall, the accelerated-KAZE(AKAZE) method extracted the most feature points and matching pairs, and
the binary robust invariant scalable keypoints(BRISK) method extracted the fewest feature points and matching pairs. Through these
results, it was confirmed that the AKAZE method is superior when performing geometric correction of the objective orthophoto for each
sensor.
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Fel8g7](Unmanned Aerial Vehicle, UAV)E o83l AR
S 7o) WSl wle} 2Bl gatedd AlRte] 7hssith
7189 7] B JAFHAE o8 AL HlolHe Wi
apdAlel] thgh g5, A dlelels H5E 5 o, Aol
3= A QoM HolEE HES 4 9thLee et al., 2021).
SRR 3 S de] 7S o] Yl A GelMe AR o]
Ak wAo] Fe Aol M= vAR oH, e dte] B &

H|go] @o] £7] wize] 2 F71= AlRto] otk

gk 9] B 71 gl wet el F4o) 22
T om, MEPIE o B AGE IS 2o] Fol FY Y|
ik A& F717F 2o = drhke wHle] Atk o2
AT 5 Q= FRE T s FRIg7Iolth e
7% ARE 33ke] Ak glo]

tlolE] g5o] 7psahH(Vural et al., 2021), 2|32 Ee] ofjut
glodl ATEANE HolEE A58 4 o] BFeT, e
shme] WA HlolElE ST 4 9ok ¥R H5
RGB 93¢ em ©]e] TS AN Aol 7hsale,
RGB <¥nt olug}l TIR(Thermal Infrared), NIR(Near
Infrared) -5 T A2 F5E Q= om ©919] A
AZto] 713l Lee and Lee, 2022a; Zheng et al., 2020).

FRIFE7] e ol8d Y ARk A 58 55,
% A 75, Wsi(Mesh) 75, Bl2%|(Texture) 7502 X138
=, o] Tg FolM JRREE FuREE wigklaL, VsEAS
98 2)%7]1&72(Ground Control Point, GCP)3} 24715739
i3k F71E 9138k ZAR(Check Point, CP) ¢J2o] @ slt)(Park
and Lee, 2016). 27|57 J2 F837] FJe o83k
ARV ARFelA 7P ARe] Bo] A EE A F shol,
WA FET| wgh Ha 4 ek 5 o] Pdnict 27
TS dEsiof gt} w3k A5 AR oE Al 718t
sfi=ro] YA ardde] F2 IS nX7] v A2
=2} Qlgo] a3} tHFerrer-Gonzalez et al.,, 2020; Liu et
al., 2022). 7|&9] F1357] o tigk 54 F= vlae
welodato] thell 21 =]%Je(Lee and Kim, 2022; Niemiec
and Szlachetko, 2019), A PSS ARk GCPE =3 AAF
P& 7t 71eEA A AR EHIAR Tl Aol oigk S79%
F= ¥l 7= nu]EItkSeong et al., 2019).

B Aol olEfdt A7 gk ARFY T Helst
7] 18l A7 1EHS 89 RGB 7% A S ARkl
AP 1ERE dEskA far A%k RGB, TIR, NIR AR 35
o] gelst E3H mig = tigh dareks vlukE X1kl

N,

fl
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A F& duEs v
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afy

o} ARt SR v =] Slel A el AAEE
FYsIon, Mg F Akl ARl SR FE EE
vwEl7] $13 AKAZE(Accelerated KAZE), SURF(Speeded
Up Robust Features), BRISK(Binary Robust Invariant Scalable
Keypoints), SIFT(Scale Invariant Feature Transform)& A3}
o Wi, H7Ferc

2. ¢l

21 G

& el 198718 RGB, TIR, NIR AXE o83}
VAR A71e] Aot Sl & FSHoH, GNSS
FE Bl AN AAE ASSelth shiel RGB
P AP RS sl VI At s Alist
om, & the RGBY} TIR, NIRE #7153 J&gle] &4
P EE ARSI
S F20l & E 5 s AR psisler], 4K
o S 5= S A8R ¥ ey AE w9 A
e FEASIE vAe 2 Bl S 9 i =

719l ohal W Hrhe S8kl
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2.2 SHICHAX] S SE|

ATFIIAE BAEZ Al HAFhes T s st
Zggstodon, AFPIA A FAR o, B sk Aok
ATUVIA Al EXEL 1AF, opBE, EaZ|E, 24 T
TR EXgio 2 AdEe] glom, ardbdA] B 9 31,
ZRE, 2P FdEo] kIR Ae] Ag- FARISH
Be oMM 57 F55 vlash] SiEl AAsilor,
uldA] Be] 739 21932191 $e) dist 547 5 vlas 918
‘A7gekitFig. ).

ol ARSE FRIFEV = Q12olo] 1, 2, Y] 47} AREEIR
ou, FIgg 7|8 A= RGB AlA|(Zenmuse X4S), TIR AlA]
(Zenmuse XT), NIR AlX(P4 Multispectral)o] AFE-E|SJc) 912
gto]o] 12 TIR A4, ¢1=ifolo] 2= RGB AlA, e 4+
Multispectral AlX1E Afete] #Fs Wgaoiet 2 7lae7]
o} AllMle] AfRe The Table 13} 2t} 71327 &< § RGB
71 A A A A7 IER AARE Trimble R8s&

olgste] A5

23 Oo|H =
3thel TRIaEoh AN ol§dte] AT
71 AP 17IsE B2 G 3ol dhste] F18E]
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Fig. 1. Study Site: (a) Uptown, (b) Farmland and River

Table 1. Specification of UAVs and Eo Sensors

UAV Sensor
Spec. Spec.

P Inspire 1 Inspire2 | P4 Multispectral P Zenmuse XT Ze;T s 5¢ Multispectral
Weight 2935¢ 3440 g 1,391 g Weight 270 g 253 g 250 g
Flight Altitude (Max) 4,500 m 2,500 m 6,000 m Resolution 5,472x3,648 640x512 1,600x1,300
Flight Time (Max) 18 min 27 min 27 min FOV 84° 45%37° 62.7°
Speed (Max) 22 m/s 26 m/s 16 m/s Focal Length 8.8 mm 13 mm 5.74 mm
Maximum Wind Resistance 10 m/s 10 m/s 10 m/s F-Stop F/2.80 F/1.25 F/2.20

Hgs APk RIS 7] FG Al 21-HAR] dFe A el

™

Helste] vhege] awrt 743
24161 134] Alolol FHSshick PolarE M 8o o

o
A7

218kE7] & & RGB 7IE AP e AR $1slxde
o] Hash, RGB 7|& FAFPIS H7E ¢Ish
ANAE Basit) B dFex] GNSS &8k Network-RTK

ojde] TR E AFto|A 271A] ofEgAlo) o] dastH,
olwjo]o] 1, 23= Pixdd capture, We] 4= DIl GS ProZ A}&3}o]
A 2 APtk #Fed =ol= 50 m, Y £i= 2-3 ms,
TTET) FFETE 80 %R Asdon, HS5H doleY]
IH= Table 29} Zth

Table 2. Date Information by Study Area

RGB RGB TIR NIR
(Reference) | (Target) | (Target) | (Target)
St“dz;area 202004 | 2020.05 | 2020.05 | 2021.11
St“d}y3 AR 202006 | 2020.10 | 202005 | 2021.04

(Real Time Kinematic) ¥l 32l VRS(Virtual Reference
Station) HPH-S AME-SEe] XIgalth VRS S+ GNSS 74
222 7EFo 2 dlo] 7PPIENS AARte 2 AAE
7V R ol E=mIte] AR SRE Ffste] AU YRS
ZAA3H= HhHoltiLandau et al., 2002). VRS &8 A Fa=%
29l RTK S5 7140l s 1A e 42 F 10% o
PDOP(Position Dilution of Precision)i= 6013} ko2 33] =g
5 sl A3 AxTlolHE HS oM, A7 EAl A,
Be] A7 e 242} 71, S7Helm, Ak a7leolt) AV ke
A B AR ke ] S 2y 8ol wet AR
FHE 1 km®F 9% o, AR ke APTIEAH ek
Fa 13 oPds HFoR 3, ¥ A7t WA Agt
Bt ¢ 0.04 km®, 0.05 km*o]th
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Table 3. Tolerance Band of RMSE and Maximum Error

Type Scale or GSD RMSE Maximum error
Within 0.08 m 0.08 m 0.16 m
Within 0.12 m 0.12m 0.24 m
Digital aerial Within 0.25 m 0.25m 0.50 m
photography | Within 0.42 m 0.42m 0.84 m
Within 0.65 m 0.65 m 1.30 m
Within 0.80 m 0.80 m 1.60 m
Table 4. Check Points RMSE and Maximum Error
RMSE/Maximum error
Study area X error Y error Z error
A 0.05 m/0.07 m | 0.02m/0.04 m | 0.06 m/0.08 m
B 0.04 m/0.06 m | 0.03 m/0.04 m | 0.05m/0.10 m

24 FAEY mIE

RGB, TIR, NIR AA}4t A 2tolli= AgisoftA}2] Metashape
ProE AR8-31510 ™, ANFAR] RGB AN 4] -9 Metashape
A P 9=, I BE, AR dE, 7 2R,
T A T, vAle B2 FEE Sl A ES ARk
TIR <*2] AH$ R-JPEG(Radiometric-Joint Photographic
Experts Group) 15 A AR dlolejs} wiefdole] ARE =
3}, EXIF(Exchangeable Image File Format)oli= &% 3108
wHEkeh = Sl ARt 578 wEfleld g 7HAAL Q7] whiell
o] JHE o]g3}e] 8H]E2] R-JPEGS 16H|E TIFFE WH3lo]
I Q31 Park et al., 2018). ExiftoolS o]-&3}e] 16W]E2] TIFF
HE & RGB} #o] A Al g5 #XH DN k&
Zh= garddel AR, $42lE F3) DN s 2% o=
Helksle] HE 2% FrdAS AZsItl(Lee and Lee, 2022b).
IR & g Al HRE ARgate] WAl 22 ol oigh
A & A AZRS- =388 Guan et al., 2019; Kim et
al,, 2022). RGB 7Ii& At A7 1exs A des
T8, 52 AP HRGB, TIR, NIR)2 A7 1E3s o
SkA] el At s AIRkEITE RGB 71 AN S A1V
3 98 5 RS B A Wk ssislon, Aok
Wk ARG 2 7] AR 9 9Aje] AR
B7retch dAE AR Al digk B aae
Table 337} 7+o 1, Table 4= AA7FdA]2] RMSE(Root Mean
Square Error)o} i ex}5 vERdc 1 25 7 A7t
71E AAY 25 APJEEAR(Ground Sample Distance,
GSD) 8 cm A%x¢ 38 &S VEdle] 7|F Arpdo =
A8 Fssic

T Z

NOR
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BO1gF7] RGB 7% AGEE ol%

o 54 SE A vl
3.588 78
3.1 Tx{2|

S = A 7 A 52 AR 3] = 3k
2JolE & 55 F20] 2 32 & == BBHE(Brightness
Preserving Bi-Histogram Equalization)2} Sharpening ®H-&
“Fasisich BBHE W 71ee] sl=19) %8sk Histogram
Equalization, HE) WS- 714138k Wbl o 2 SjnE 13 Hilslo
7% el it W) gho) =, Al Jeiglo] Wgle] S0k
o s uhzel 9 Gge] HTA W] ghol Hlsl ekl
Qe o W) grol H=shA wksitle who] dtk(Park
and Choi, 2009). A7+ BBHE HPse] 79 13l oo vhr]
HskE T4 7] flste] A Q] Hit Bzlgks 271e] MEB
SIAETRI0 B tpral, Zh M SIAETR SRR s
ET g8slE 3)el= vby = shulo]tiZhou et al., 2021).
BBHE & el 9 Al Wigt 237 127 gk
ol ZAN tigk thie] s 571 $18l Sharpening *WHEE
2-85}3]rk: Sharpening ] 5 QB w7 WS ARBBIGLS.
B, SKREZ viaTe o o] uFu RS skl o el
gk RS ol AEEE Axshe Wio|tiHwang and Kim,
2018). Table 5&= TIR gl AAEE F8ste] EAH +=
) 8 74 283k wle) wlis eRick vl 2 BBHES}
Sharpening & o] ARE3E u 7 Be EAY F20] He
Zhe SRS 4= glom, 53] TIR| 49 HAelE 38k ek
78t 5 F20] o 2SRRI = Stk AR F- sk
T8 Qg AU AfolE Haslelr| ffal 53] S Ve
Aol s BES stk

I

o

it

]
0
0
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U
0
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AHelE R ¥ 5 758 A8slien, & dreiie
% 47X(AKAZE, SURF, BRISK, SIFT) ®g 2433k
AKAZE®= KAZEE 7§43 datglzo 2 71&E KAZES] 2§
B St A AS £7] 917 24 o] glo] AOS(Additive

Table 5. Number of Feature Points of TIR Orthophoto according to
Pre-processing

Study area A Study area B
Original 809 498
Original+HE 50,784 6,932
Original+HE+Sharpening 55,127 8,055
Original+BBHE 72,781 38,276
Original+BBHE+Sharpening 161,396 112,011
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Operator Splitting) i< 3l o]& FAYAIT HAE A4t
WA F71 SiME B o] ¥ S adsliof A7)
2ol it ot =gjvhe 9] ltk SRR|YF AKAZES]
73$- FED(Fast Explicit Diffusion)2F= 24 7814 25 AR
slo] SIS =9 o1, M-LDB(Modified-Local Difference
Binary) A=A ARSSle] B52Q1 A 3% gHet ARl o=k
< g Alcantarilla et al., 2012; Alcantarilla et al., 2013;
Sharma and Jain, 2020). T3k, vREX3} A XS =0 s
A Asg 218 4= gltiAlcantarilla et al., 2013). SIFT+=

=
21 T3 7Rk SR = darelee R =], 3, 29

3]
S ARgBte] 2AIY w7 v =E ek, 2t

J

=)
T
=
1=
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SURFE SIFTS] whel @ oo g 93k vl &eE
Hessian 32 Ak} oln)x] wjeh= thal FEje] =712 W3l
71E 2o & &) gk /35S 78ISt Bay et al., 2006).

Table 6. Results of Study Area A

A -

njxjeko 2 BRISK+= AGAST(Adaptive and Generic Accelerated
Segment Test) &= FAST(Features from Accelerated Segment
Test) YaLe]EE AREate] o]X F8E A8t A% 37k&
Aepslar, 2A1Y FXtox wlgp]= TRke 7 S-S S
At AbRe: 585 Tk Fakd 7Rk Sl okl MeakE
Ak, 543 % &%) SIFTHRT w229k 3 A3 oA
olx EHF o] STIFE iF ARto] Wol A8 Ee wgol
2t Leutenegger et al., 2011; Makarov et al., 2018).

3.3 QOoHEM X7

43 55 S 33 52 5L wAS 5] $1Ek
©ulOutlien) A7/} Baskek Qule APy, Az}
2 AR siRlo] AV AR Xkt 22 SERQ1 AIFAE,
HAR Qg @ oA} Fo] Fd dlolH, 53], vhEAR]
9 tjgate 3] A9, vinele SR A
Mz T2 B 20 Al glo] wide] ol 2wl
AT QuiAg AA e dviE e R T wo] AREEE
RANSAC(RANdom SAmple Consensus)S ARE-3}1330mH,
RANSAC eviPge] 23k vlelejox] 2l slepHE 54

7L, el APl AT AR HE o)

u

=
D=k
ofEle %

i
i)

AKAZE SURF BRISK SIFT

RGB target orthophoto
Feature points 361,337 42,314 78,491 159,117
Matching feature points 185 986 100 195
Inlier 102 89 22 37
Ratio of matching feature points to feature points (%) 0.05 2.33 0.13 0.12
Ratio of Inlier to feature points (%) 0.03 0.21 0.03 0.02
Ratio of inlier to matching feature points (%) 55.14 9.03 22.00 18.97

TIR target orthophoto
Feature points 192,253 42,510 84,098 69,112
Matching feature points 548 587 223 493
Inlier 386 298 113 258
Ratio of matching feature points to feature points (%) 0.29 1.38 0.27 0.71
Ratio of Inlier to feature points (%) 0.20 0.70 0.13 0.37
Ratio of inlier to matching feature points (%) 70.44 50.77 50.67 52.33

NIR target orthophoto
Feature points 281,072 46,512 78,491 127,398
Matching feature points 394 215 126 348
Inlier 197 55 54 36
Ratio of matching feature points to feature points (%) 0.14 0.46 0.16 0.27
Ratio of Inlier to feature points (%) 0.07 0.12 0.07 0.03
Ratio of inlier to matching feature points (%) 50.00 25.58 42.86 10.34
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218F7] RGB 712 BAIAS ol8

)=
Yo

73218}t daElZolt) RANSACS dglo g

2

(Inlier)e] 57} WEe W7} wHE sl
(Fischler and Bolles, 1981).

4, 2 1

RGB 7k A1l 5

2 JEHlolEle =3t
| gRs wiEsls RS sk, dF Bl e wa
(o5}

e AATT

4 BAFYIRGB, TIR, NIR)e]| thgh

EX7 FZ& Matlab(Mathworks, 2022)&- o]83}3itl AKAZE

9} SIFTS] 7$- OpenCV =5 Matlabol] 1-831¢] £ =

= ‘I‘Bg F’ﬂo u% SURFS’Jr BRISK:= Matlaboll] A|3shs =8

};au} ¥R 47 W 5 A £
B Sol) 46 291012 ohi 5

F23F 3 RANSAC

1 oﬁ, ﬂ!lo

T

3l

S ATk, 3 S £ }oau} srhe A

AT A A, BellA] 52

Table 7. Results of Study Area B

493 F29le] 5S 7K wol

pal

At gt B2 YAPHRGB, TIR, NIR)dl| &

RS =3,

inlier?] H]&-

EAH 2% Qs

T=

55 WS AKAZECIH, 7Fd 2A] 5 if_
ujoge] 75 ARl Adllx] NIR =
SURF7} 71 B
PPES FESIITE 2 EﬂH
7 e wjARS 531
L A = XM Hzi
o] AKAZE 57.02 %, SURF 28.62 %, BRISK 41.41 %, SIFT
34.06 %= JERsITE SURFS] 75- 575 div] wizd=t onf3
t& AAG AT vigelA 9] ng(’] =1
QAL AAE Hx
T A TP e wiRE 5
o] gt 2% inliere] Wlgo] the WRCH ﬂﬂur H|Z=3)
H|&o A9k w3 gol| A QuiAE AAG § HF inlier HES
7 28 Ae BRI

[e}

s

He SURFoI.
e AIBE
o, BRISK7} 7 A
S A7 F inliere AKAZE7}
SIS = Sl &

inliere] ¥&-& TR B3

At w4

} ko AS

2 7
FZ3) AKAZE.J

&SP PR 270 3 ROB 7R B30 A0
Sk 71

4714 547

AKAZE | SURF | BRISK | SIFT

RGB target orthophoto
Feature points 282,668 18,941 9,852 107,528
Matching feature points 623 824 87 156
Inlier 487 196 37 100
Ratio of matching feature points to feature points (%) 0.22 435 0.88 0.15
Ratio of Inlier to feature points (%) 0.17 1.03 0.38 0.09
Ratio of inlier to matching feature points (%) 78.17 23.79 42.53 64.10

TIR target orthophoto
Feature points 131,089 6,580 9,920 24,865
Matching feature points 368 448 152 377
Inlier 169 155 96 166
Ratio of matching feature points to feature points (%) 0.28 6.81 1.53 1.52
Ratio of Inlier to feature points (%) 0.13 2.36 0.97 0.67
Ratio of inlier to matching feature points (%) 45.92 34.60 63.16 44.03

NIR target orthophoto
Feature points 108,519 19,019 74,373 48,364
Matching feature points 485 647 235 466
Inlier 206 181 64 68
Ratio of matching feature points to feature points (%) 0.45 3.40 0.32 0.96
Ratio of Inlier to feature points (%) 0.19 0.95 0.09 0.14
Ratio of inlier to matching feature points (%) 42.47 27.98 27.23 14.59
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LarEfES A8ste] A TIskEA ] Bkl S 5=
el dsl e B VIRl S FE vinl e
FIE7] GAF el el 58S FEsto] Blal- BRI
B Arellds Akl tel 533 = 71 & 2l
‘%}‘ﬂOH EH?’SH Hliﬂ e ?53*3}9215} %’8@ FE daglEs

N A
AKAZE, SURF, SIFT, BRISK <A U2 E47 =<} HHX o]
At ol FEEh S S o] S nlage wke
SURF o] 714 3¢ -2 vhehilon, BRISK o] vke
a2 Vet ek 94 ol oriRe AR 2 inler
S SURE7} 71 & &8 B whabiiv] inliere]
Hlge 7P S S Selslirk AKAZES] 4% 03 2
T 5L AEsI0, T1Ee] /Al Bele) Bl B
Fnie] o] RAdsTE BAE AT 5 Qo) AR
5 0] o] The 593 7Er Be AUE e Zlog
AT, bl AR S5 o) inliers] v1-S RS
uk= SURE7} 97510, 24192 vig-g meighe 4% A
£ 52 9 v ol AKAZE o] $& AS etk
FF Aol Thee) 54 5% 78 Ul gehd 7he] 54
Z20) P A7) Wad Aow AgHr)
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