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gloto] o5 sfARth 7IEo] He oln|A] a, FY A olw|A] b
A AA olm|z] c2 FAAE EES@, b, & F45HH EYE
&4 e BY AR agt bo] WH T A-E
AR aot co] e 2t AE WA AR &
7F o2 Ak npAgHL 952 i, EQEY &4 g okG
Lo

X,

la—b

g BEe ] &4 F5eh TS 1) o R FE 4SS B,
Jet EXEAS TASHE BAO wet ¥F 47 BeSs vk

o7 FAs7] of#eH BlEY Zo] ERslor & Tt w2 AAolA

2= &A  https://tech.kakaoenterprise.com/63
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2.2.1 SIFT(Scale Invariant Feature Transform)

A olm|z]9] AAY W3t vt ZAE siET darejEed SIFT
= oeket ojm|z] AAY FIHS FAdstal Difference of Gaussian(DoG)
AE71E AHgste] AAlolA 71EZAES] ztolE EAste EAH EAZE
= WAoR [O9 2-5]oA 2heFs] A5

Lowe, D. ] SIFT &11g& dAFolA A4 oln|7] 1= xot y HH=E
T35k ol DoGJ A&7 (Convolution)& °l-&ste] E4HS A&
of disi HAadEHY A= 54 71&7] 2719
o+ TAEH @'EH@?_] HeFo 2 ZAEH(Lowe, D., 2004)). olu]z]g]
AAQ B AtE st =F #o] Skl =& Aol Hasi
JEAe okdieh 2a "Gl 749 G4E LeRI,

(D(z,y,0) = (G(z,y,ko) — G(z,y,0))* I(z,y)

Difference of Gaussian{DoC) H -2

Q1% ofa) 2]

2tz &4 : https://docs.opencv.org/4.x/da/df5/tutorial_py_sift_intro.html

(29 2-5] SIFT &aeE]&

SIFTE 714 de] A853 del AA85E 59 55 71¢ 3 stz
pd

5_7], ﬁ;ﬁ gl toﬂ Oﬂ tﬂo]—l] %‘_‘E o] ] ]_g’l E;é 7]_1(_)__% \:}_1]6]'—1—-'-
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Ajm
ol
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A
3
LU
N
fu
i
Auj
L
R
H
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e
s
+
39,
L
4

E‘ .
A, 2 %‘ﬂ’é(Rotation—Invariant) ilotﬂ B4 EAo] AR
A Zpssieh, Al AR, SIFTE olu)z]o] 24 ofodox EAL FZE6H,

E£4 F&o| 7Fssith ) HWH 7t X ERIELE W, A7), JHHAE
A, 9 T QA5 S|AETHS BTG =2 Y] EA HEHE =
A2 & 4 ook §HHo SIFTE W2 Aitgo= Qo £t Lafa] AA]
A Be g2 Y A EARE FESP o= ool At

o] 2|qt SIFTA 2AEE 6H7,=56H 5l SURF, FAST, :zaL AGAST

S FZ%H(Tareen, S. & Saleem, Z., 2018). o] o]u]z] 1
Al "WE o] 3718 WA #alo g SIFT daZe] vls)] A

AL HE AL S5 A G s BHE AgFORA
o
=

SIFTE ojulxeld 54 RIIES AZsty, 54 faaddz 49

S THHoR olRolAm ofux] Ael W AFE HA Hopolx Aol

T @ol AgEE 7% % sholt.
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2.2.2 SURF(Speed-Up Robust Features)

I
Ay

SURF& Herbert Bay, Tinne Tuytelars, Luc Van Gool®l ¢]3f|
AFEReH ALt Sl4E Fol7] fs ZleAE st HEollA
olmAlE Argsie] S EJIES %Zlﬁ}t gaelEoltt. SURFE=
AZQEAA Yo the A9 2wt 2E5 T 7127] Aot 5
Aol A HWEgtos Uehdth= HollA SIFTeF Hlshs A <14,
S5, w7 Ev 3D AT T Aol AEE 4 det(Bay, H, Tinne,
. & Luc, V. 2008).

SURFe] EAH &A= feve 7x9] AAY 37+ A (scale—space
of pyramid), $EF F=, H FHdx <A 7IHNon-maximum
suppression) 9] Al @AIE A 3ttt SURFE wl2] A4t E,E— o]u]
2|58 AHgsle] 3719 A4 ditog AAMe 4l Hessian blob A&7
623‘“’“‘94 A TARE ARESHH ZleAte A A FHE Haar

]

of oX HT o

N é .1\1
of,
oz

g]

—3

wavelet SH9] &2 7|Hto g AHY3t}, o] 539 SURF 7|&A= &4,
A EL 938 27 Qs D UE Ak, BAE A0
W Ade FE5h= o AMEEY O AL GEelA B Z2elR

S =AIStcH(Bay, H, Tinne, T. & Luc, V. 2008).
Fst % AT Fu|= 7H-S ARESHe] Pyramidal Gaussian

T
+ Laplacian Pyramid Rgo=2 R o|u|z|& BEAloto] A7 ZA|gH
fZ2 Zo]E oux2 Wt o]gA| S}H Scale-Spacegtil Sh=
Y& olmz|o EET blurring a5 & 4 doew ¥ AHE 2A
oA EH4S RIS
SURF <1252 SIFTHEY 2 d] ¢ w=o, tE oju|z] ®g] o
FE EAS AL Qo] 2 AA| oA, 4 TF &7 Ex= 3D A
T4 ol AHggith 55] SURF& 3D AHS A7Asty, BAE F36t
AW AHE FESke 1 ARl Thsste] =4 AF Ee dEe &

_‘|7_



QA ol A7} Slsteln ERze] BHsts 54 A gtk

SURFE] #& olnAle v3 S|4k m2tn= 7|He ARgshe] 2a
2 W3lEo] Pyramidal Gaussian T+ Laplacian Pyramid 2Fo 2 w3k
o] 7| AAT fYEe Fole /HRE derh o|gA SHA

Scale-Space#}1l sfi= W& o|m|z]of E
o WA 2H-0o] scale invariant2 -5-74]

R. & Vandergheynst, P., 2012).

blurring 75 d& & %

1A ®th(Alahi, A. Ortiz,

4

H
=
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]
i LR | ]
1 |
] I
» I r | pEam |
alol=] o= ] 3
| | 1 = | 1 =7 i
i S af 4q i i
i e i ) !
11 L] |
] o
SR HAt =4 1l o alor AGE 3 i
i b i 7 > !
e : £
I ¥ ¥
: | P T T :
2} u 1 =
|2l ,I'l i 1 s |
i L) o[ Haue glolitel 2o | :
| iR 1
: 1 i) i HHaF == M E] ] :
| Orientation Y5 H13 1
| Fap Hu 1, . 1 1 i
@l =38 ] 1 ¥ | ] i 1
& I i -
I [ 3 il 2k » 1 ]
i L3 e 24 - LI R H
i I
| i
' i
L i

[ 2-6] SURF €ig&x +

BN

(7% 2-61 SURF 41z 849l 747 35 B8g sty
glomf SIFTSh M&gh 4% Uehfa glovt & sjxeh g% 74
Agatol SH F& S@ Aol SIFTO] vlsh B4 w=chs 3ol
oh Eg Solde 21 Av|sh W vlwste] vjYS Amshe By
= Qo= 2A}F €7 gk Tev SURFE
A BT 5 BAS Aok 25T 599 el 917 Jue nefehy

gde 7ML o &, SURFe 27419 71=7], 271, W, 97l

O %0 e

ol

o olu|z]o] 7|7} tr2yatE Aol 755kt

=]
2]
el diiE ez ot AA 14 diE|Eelot.
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2.2.3 BRIEF(Binary Robust Independent Elementary Features)

BRIEF+= Binary Descriptor®] g F-F2 A9 3 w3to] 73et <l
4] @& (Rotational BRIEF)E AFE35lH ole 3]dstoi: Holg ] &
HAAS BHASH7] flsliA A= Keypointe] ¥aFol| met 7|&xt& 247
o bl

A 2Ae EAH Y 990 BAe e HAY Bere o
o B i sl ol P02 AYTIE o2 Yy,

77t Hus) e OdS F Fow QA5 Aol mAe 5]_14__4
IgoR BL WAL A8

= .
ERY AA(xi,yD)olA n7e] feature sete] Tis] BRIEF ¢igjZo=
sttt olgje} e dPHo] Qs

ojuf, o]Hef gt 3 X (Patch)e] WaF AH(Orientation) O=E 2]H3F& R
OE st SE JAA tad £2 #e T
SO = ROS
SOE Argsto] Wek AE Ol wet steered BRIEFE ZT 4 e
dd Bl AHof diste] z7] dlolgel sjdgk =¥ Aol ofsf Bl

33
2he WAAA AxBE ol Aol

(Binary Description) & &

B HE Fo ZleAE FEUAT Adgd JGRODE Keypoint(k)oll
tiste] xot yo TS| BinaryE A2 Blulste] 128bite] o|X 7|&AE
Qs Hrh. BRIEF= descriptorg 22| otk o]zl #AtE-s 23 %



HAoR M2 HE on|z]9 EAHS FEole] Ao Aol Sle=A
A3ttt BRIEF+= Descriptor A4t vfzo] whg oz
g+ SIFT, SURF &ag]&e] Hlsf &2 QIXES e

fr de e

ERl
v

e o o] [
T rf s KLT - ‘ VLU _H\
i al&t alol # o i Caitva )
( 42 }= J§t olulz] |, ey 2a [ wzam | Camera - -Q/
. / —— e | o= |
=

l-]||-.|."ll'_ Pose ‘;._'-|:||"||. "

(2% 2-7] BRIEF &18=

(29 2-7]2 BRIEF €85 Ad = g A £&8 R22

AHEdstA Adeje oA o] xpolE AAESEY] binary stringCz H2RFsH=
Descriptor Extraction W42 ARg3t d=2 8 EA™ 4 2 Az

Kol
= [¢]
Z4 WA Agste] sotd v

offjel Zo] Yot

o2 FZ Hamming AZE AFH8SHH

[=3]

. | - 1
Hamming Distance = 3, la; -

~

BRIEF ¢a#|&2 AT Hlu dibe HAsteto] 914 £ g 4
O™ Binary Bitg ©]-§5t7] wiol Wiz SHoA a-g&2 o]
olu| 2|7} 3HstAY A717F A WHolS B¢
3Eslal QItH(Calonder, M., 2010). o]ggt &
rBRIEF(Rotated BRIEF) ¢ig]Zo] S&stgom o] BRIFTO|A] o]n]
219] 3l1de] AA Hstetrgte EAR 9 QA= & 2tolE UEriA] ¢
A s AR Aol

=
N
k)
T
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2.2.4 ORB(Oriented FAST and Rotated BRIEF)

“ORB : an efficient alternative to SIFT or SURF’+= 2011¢9] 2%
olgo® AAZE omz] A Q14 7&l] MER eR T 41
Folth. AAIRIA] &2 At oju|x]9] FAlo] FQastH ORB g
= Feature Accelerated Segment Test(FAST)®] 7]'53 BRIEF(Binary
Robust Independent Elementary Features) &il2lsE, sllg]ls Fv AE &
&S At HAS AHESIYtHRublee, E. et al 2011).

ORB &i18]&2 FAST dy8j&& ARES 544H= HESHH FAST
A1e]E2 Feature detectione &9l Key PointE FEo}1l Descriptors
Aitst= Haleltt, & ORB €118&E2 Key point®t Descriptorg 4H&E
sto] ORB features #F AH== Wb dyglgo=z ZAHEI(Rosten)

N

= E(Drummond)7h ARt 1A HE7] dareFoltt. o= I peot
mWa =Ho] AL Hlmel HrAloln] WA Py =W mWAe| AHS A
ol olfF WA U2 oA {ARE A8 Bgste] EAste 43t
E4He FH Mol A&KH o7 oFAL Wolof stnf o] ALAo] Art
ol’ge] FoloF st Adoltt.

FAST &egj&2 afg|~ 3 HE duaES A8s) 2u®nt ofy
gt 7P ol = ‘ji%ﬁ}% wAHE sfastalen 249 SR

_2']_
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o S THAIRE BxE HESHA AdEsta
ol 71eE A5k olxl HIAE(Binary
tes)E Sl oFf A3 2 n7fe] BIER A4 n-AEE] o] ZA4E

(binary string) des n, BRIEF7} &%t}

1: I(z) < I(y)
r(pixy) = 0. 1(x) = 1(y) (D

desn, srier(ps 1) = 2i71F(P;Xi . Y, @)
where 1 < I <n
* ot 31x31 819 Y=<l o]ux] WX (image patch)

19, I(y) = oA A poll M ZH2F <} y 912 T g7

FASTE= o2 FY HE did

il
X
oo
ol
el
s
-,

(Image moment 7]
F7Fsto] olu|x] 3]Hef et EA o]
i gEel oo EAHE AR
g~ ID(class_id)S ZSHF FHE(pt)e} A|E(size), Z=(angle), 2E}
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2.2.5 BEBLID(Boosted Efficient Binary Local Image Descriptor)

20169 S2AxT tfstofA] "BEBLID : Boosted Efficient Binary
Local Image Descriptor'ghs Al=2] AL =FoA A= oW o= o]
2l £ 55 2 4Xo AMSEE HFH HHE dagFor 7EY]
SIFT % SURFe} Zro] A4k Hl-go] @ol 51 HW2 fo] miyE Fax
k= 71E 24 7% 71X A4S siEdstiltt(Lago, S.. 2020). 7€
ORB &ilej&HT uj4] QIAES Fste] oz da] A= E =o|1t
A ARbe Eole MER 71EAHDescriptor)?] BEBLIDE + ¢+l 4
Bot3lem ORB 7]ZRIES] AAA] QIegls A5t ORBY| 7|4}
g MAste ante Zé%—ﬂ%t?(smaishuai P., 2022).

BEBLID &ilzl&

1 .S

[e) [e]
— -
SO ) A ool BT A5

0*731 UHX“’ MAdste] Mol 547 A4S = 78 EF

& BEBLIDE Jg&#o= dhgH ozl onz 7|&xE AR

AdaBoostE &8t 7fAE shEa T3 HHS ARGl o U2 QIME
st dlole BE@-& siZsty] fIgt o]x1at WAS ARgste] BE

glsto] HAaYES olIskeitHWang, N., 2020)

= olnjxo] e nEg E]Eu 07 12 Agshe gL oluA] Hi
g o AHAN AT o 4ds] gAs §AHE el old Bt
ge o]umel ggs ge A vewo ORB, LATCH Ei&
2ot WLHS ©, BEBLIDE o w2y 4

ol SRS Aol e ollAE Ak o Aol ALE 2
= HE

B oiloAE ORB 7|ZEQEE 7|51 BEBLIDES AM&ste] A



Ir
Am

t}3 OpenCV BFMatcherg ARgste] & ofu|z] 7he]

2
2ok AL Agstgon offel 2L ZRIWS AHg

1
olt

]_

b

ol

ILr

tlo

import cv2

# Load an image

imagel = cv2.imread("imagel.jpg")

image2 = cv2.imread('image2.jpg")

# Detect ORB keypoints
orb = ¢v2.ORB_create()
keypoints1, descriptorsl = orb.detectAndCompute(imagel, None)
keypoints2, descriptors2 = orb.detectAndCompute(image2, None)

# Create BEBLID descriptor
beblid = cv2.BEBLID create()
beblid_descriptorsl = beblid.compute(imagel, keypoints1)
beblid_descriptors2 = beblid.compute(image2, keypoints2)

# Match features using BFMatcher
bf = cv2.BFMatcher(cv2.NORM_HAMMING, crossCheck=True)
matches = bf.match(beblid_descriptors1, beblid_descriptors2)

# Print matched features
for match in matches:

print(f'Tmagel Keypoint: {match.queryldx}, Image?2  Keypoint:

{match.trainldx}")

BEBLIDS] 4] ofoltjols FAE
skl 7159 shel A AdEsto] o]8she A2z BEBLID:= 3

M

S (Boosted classifiers)s

=

A

Mz

~4

(e}

—_

a| oA ZpEShH ofu A7k 22 wjz2]z FEEL ZF 2o HA 7T =

]
YHoR &L WA AN B WAL gt A5y NHE AS

€ 7I€ 7% 7IeAEY R gaa4]l ol

ol
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Eob o u2 At a8 AsTdh
SIFT= 7H8 & <=4
A AelA] £ A BFsty] WRe] de] AgHL Left
FRelM AARE o= 2l Asll GPUE AtgalloF sh= A2 A4t
Hoz sl 7t
SIFT &£E& %—%0]7] #sll SURF, BRIEF, BRISK, ORB, FREAK,
BOLD ¢f Z2 tfefet dilelse] 7|exth sd9er o Hove 5
279l ol 27 ofu]x] AW o]HFt 7|&AE AT
2 AToAE JY ZHA HAY A& AN 2T A Sde
A 7 §8491 o]x olnx] 7|42l BEBLIDE o]4stH 7|2 Lo
A 7 k= Awziel ORBHEO ASHA 9 ojx £L 71 w2t A

Tt
Kl

THAL. ol A& oAz A4td IEolgt AolE 7o s sk
¢ BEZAQ olvA] Y AHESH ] miEelt

o]zl oJu]z] 7]%&AkQl BEBLID®| ~AAY A4+ olux] da=g
st 2AD AsE UF 2 AFskd 5440 miA fEe Eolx
i w2 2AL AeE A AstE o g2 meive s 74
sfoF stEE A4t £E7F LA Hol ARt AL A AHo] T8
gt FZolrt. o] Ve uddt onAl A&7 54He 49 #

™, scale_factor M7HRSE 2T 2H ot A7]9] EAHS A

Ao
2]g 4= 9lt}. BEBLIDE #&

& 2 o)A 7|&AET §8AS S| SHAA]
Ao g7 FAAZ "o

HU-YL

AdaBoostE ARgSte] 7RAE oFet shsAH(Weak—learner) &7 WS A&
Skl H w2 A9HQl EAS AAste WAook & AFolA+= ORB
HAE71E AH8sto] EARS A6k, BEBLIDS] Descriptor
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Hli’ﬁ}oi uf 04 of thgt IS AHRE HAFsct
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UEAW - AFH) % 94 93
g sl 2% 1

ol " 7| j E e
" — ujml =] ay
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3.4.1. A7t Z=AA

2 AFolA= HE dHlolEe ST £ =
2 QlAels HIE AT 1094 Z2AAS Lot —*rﬁéﬂ% Zd?
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Bemon of Inserest Binary Descnpror Extracton

[F] = Firs Focelis
' = Second Pradiy)

|: h:- beeypont ()

[21™ 3-6] Binary Description &

z7] dlojg] Ry dojg SEE ffs| AFU G ARE oA ut
A2 £ F IS Feet a7|d FESt A Case HE ElsHH
Data Screening, Image Resize, Contrast 7|5 53t G4 dlolg o] A=A+
Case ¥ Shola} Wei52 29 S| tfat Feje} 2718 FRojo] =
QAo tal SR Case ¥ HUS AASHALL,

No =99 g glolg (<A
1 uid Integer | 27
2 | user_uid Integer | 7
3 pet_uid Integer 10
00000000 80 04 95 OE 49 01 00 00 00
00 00 8C 15 6E 75 6D SN IO num
4 | descriptor bytea py.core.multiarr

00000020 61 79 94 8C 0C 5F 72 65 63

6F 6E 73 74 72 75 63 ay..._reconstrug

muzzle_name | String | b6ee7071-6054-4429-754a86a4b5.png
muzzle_path| String | /opt/petservice/pets—muzzle/2021/10/15
create_at timestamp| 2021-10-15 01:20:07.169479
modified_at |timestamp| null
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3.4.3. Data Set Making
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APEE Fol7] 9ste] olmfx] A=Y (image screening) 2}-8-5FH
A7%E ROI olu|x]o] s|AET= o]Aeto]A|o] A (histogram equalization)
= g5t ol olnx|o] HAAA HHE Eolil A¥EE Sd¥=
avE Uetly kol2k FEEHE 97]sk 7FXAl UthH(Tong, H. et
al, 2004). olgigt EAE siZdst7] $lote]l AHE(Adaptive Histogram
Equalization) ¥ CLAHE(Contrast-Limited Adaptive Histogram Equalization)
= wAE sidstH ol FAE HAA sAEHE daldEolH.

FHE dole F ¢ag]E9] HA Brightness AAXIGL 50 oFfj<] o]
mz] ARt sFE=E A4St Zpzbe] ofmx]e] Al 5 %[2]e] 20071
o] dlole] NIEE +45t3le™ ROI o|n|x]e] =A7]= A 290 x 280
Aol o 841 x 82584A71A], B2 549 x 5152 HAststct.

3.4.4. Data Augmentation (4JoJg =)

Data Augmentation ¥ Ho|E|9] & 57| fls €& dlolge] 2zt

.
2 WS Hgoto] A4S ZE Ao AwtHos A9 A
=

H2E Hold A9 ojnlx Weo] Wasith oux] WEL HE ofn]
A F5 Fol AT 4 g BY A4, 29 JE, 42, ko= 57

Data augmentation:> Fo]8 AlS thefeh Wiio=z Hydste] HdH
ol Sk dole] Ale] FRE A& 4 gl WHoR F2 oju Hold
o} BiE golge] Aaun], ndo] P9 UushE chopd ATl
25t S ot Mirroring, Random Cropping, Rotation, Shearing, Color

Shifting 59| 715-& AM&SHct
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o Hrt. Eeh AA g4 mdlo] & FASIEE kelErh odE =,
St dlojElof] o]Z7} gl Abdo] WANE HAE oluz|o= thofeh &
o|Z7} Q& 7%, augmentationd Ff| o|=o BEREE o5l Sty
ol E el iO]Z% Adste] ojzof & tigd & == St HolE
7h Brhs A2 "HeolH9 7|22 BEAE SaehA] £ o HAshs

2EXE THE & A2 9uRit} Data augmentatlon2 HolgE ¢ #
oyt dlo] Az & & 4 k& Lo|zo] FRE oSsta of
5 Hlolge] ko]=2E 4¢ste] Bdo] ojxo] & g 4 J=F At

3.4.5. Image Resize

A& HAE ol AES F7]&= Hr AL HE Al 3lo] 2%
Qzoln oz A71E FHA 290 x 280-AdolA o 841 x 825%7t
A vrFstA AAtER 71E Tharwato| A= olm2]¢] =Z7]& 300 x 300
A Noviyanto2}t ArymurthyolAl 300 x 40054l 14 H =Z7]& dt
FotRon A= 49 HIES 7l = SRl

ey gr AL vl ARt EA A7) mlge] ojw|x] A7]E £
Stojof st ojuf & o]m| 2|8 HH|e} Fo] Hl&S WZStH o] T
A o o HE A Ae AstE Fde 4 Uk mEbd AR &
= Z|A35h7] ol ¥& o|mx]o] YH|eL Fo| Hlg2 FHUet FA[go]
Zasit, & dFolAs 92 olux|et Bl ofunz|o] A7|E H|gof &
A HAsHA Z2dstR o FHAP HZF(Bilinear interpolation)& AR5t

of 2715 =HEsAH.
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PP HANS AR GAlH AWG U5 RES Bedw g
o Aol Bagel 1EAE Fe el 4 Fo= B Gyel B8
& o PAOR 20 ol HAA0 x W02 Vg WA of) (13

Gk ol 2

[$132 8] F] Grayscale [H] 2 H]&] Grayscale

(719 3-10] H]& o]m]z] HEH

3.4.6. CLAHE(Contrast Limited Adaptive Histogram Equalization)

E
ol

aubA 9l AHE(Adaptive Histogram Equalization)= s 94
AETo] Wil HFE o] 7] wiwell 9439 Aol Aol 7R dH
A dHIE A FSHSte Bl L AtHor AHE= Ao dAt
AoA olzrt FHE & Sle wAEel Utk Contrast Limited
AHE(CLAHE)E= ©]&3t noise amplification A& &°]7] ¢al dH] F
Zo| AgtH adaptive histogram equalization®] W@ o=z £ Ho|E]
olu]z] FAS sl S|AELH 53HHistogram equalization) S AHE-5}

o ol olujxle|lAq FHAgEe] 4 Zx gE AMg olF Al ofmA|
el (c ontrast)E #2st =A st WA Alg S|AEIR o]EzolA|o]
G ARG Zloltt. CLAHEOA Fofxl mAlgh 1ol ojn] S52

Lk 5‘5}—/!\—94 71&71e gJsff FolXth. o] neighbourhood cumulative
distribution function(CDF)2] 7|-&7]of HlgstR=z it HAZto|A2e] 3]
AEJ#gko] Hvlggitt. CLAHE: CDFZ AAtslr] Ao S|AEIHS
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A AolE gre R clippingote] S22 AlgtstH CDFel 7]27|7F Algh
Hoz {Helk bl 77|k AlRMEA Hoh S|AETIH] clipping® &
#clip limine sAETH0] Astel o1 Qo] Z7]o| wat Dap
tt. CLAHEE o|n|x]|& 7‘*% FYoE Il HiB]] HAXE Ao T4
A ko]=F AAStY ZF g W9 S|IAEIHE WSl ste Ve
-85t (Petersen, W., 1922).

e Aol H|E o]u]z]9] tiH|(contrast)E L¥tH o=z vy
o] zpolz Qlsf| ofm|Amtrt thEA ey @2 tiH|eb thH| o] Zfol=
HelEEo] vl Al AsS AstAXIt s|AETH HESHCLAHE)=

=
o,
}‘_,

¢

Hi& HlolE 9] ojfR BiZ A stal ¥tz g2 FiE2 o]F7| o
Heorzte]l Bx s FdskA dtth(Zuiderveld, K., 1994). whzgba B oo

e ot

ofd w7 olulx| 71| Tl Apolg Foli
quE FAZ] 99 wEAoR Agstgon CLAHE: §AE1Y
o4 0-49 W 206-2559] 100084 ol4fe] B wrix] wrEgch [1%
3-1112 CLAHE®] 93} %8 olulxg BelFn} CLAHE F@el4 dhu]
of gt AARE 22 AT 1= A7) § x 8T Agaigct,

[Input Muzzle] [Compare Muzzle]
(73 3-11] 55 ©919] s|~E13 #USHCLAHE)
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3.4.7 Feature Extraction

ofmz|o A if EAS
(Keypoint detector)@} Descriptor2 ©]Fo{X|H o= &
ERJES Zop FEFTE 71eHe CLAHE A2d HlE olnzdA £

o

=ote LAY ES 7IEJIE HAV
I

A 7 s Z1ZRJIES WY 7 Aists JEE "ol AR

mdgsto] AAelith o= ROI 9 o] ZApzka ofdflo] {129 e
Gabor W8} 71 (x0, y0)©] ¥ HEZ 03} 19| Zfog Ho gtoz Wy
THHE £, 2021). ooz sy AZE ARgste] o] & glofele] U
& d(AB) = TA @ TB=Z vepdict

11001---

-

INPLT 1 ROl A TA @ Template A I _l['?{:-l':"[:lttl'_;

| LRTAN S B -1

INPUT 2 iy B TE : Template B

(29 3-13] v]& EAHE wiA(knn Match)
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ROI A9] ®&31 TA} ROI Bo] TBE sYAHE °|&
7ol AE Fol duty fFAM S 7HAEA S5 ‘Q‘ﬂ@gi, a2
A7t AE&eE 5 A Fdol AL, WA At 245, & 2
n| 27 =EuEEE, dEeh A, 2018). UH"] Al HiolH g
A descriptor ARE 71A]11 AASojASte] Hl-&S
A wiA A3} 50670 ZRJAETE ZEEHSoH iHE

3.4.8. Feature Matching

Zt=m &EA : https://geo—spatial.org/vechi/articole/un—doi-i-trei—istoria—

unei—margarete

(19 3-14] Y A A9
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423 AsEAolA sy AYE AuEE EPH AE 0100914 o
=+ 5744 131-4 1001744 A=7h 3de & & glerm 543 0110904
=47 11107409 69 A=t 198 & % 9
ORBO|A all] A=](Hamming distance)+ H}O]Lﬂﬂ OA3HE of3
Agatgon iy A ol B Ao Haie] wet 07} 1|
AW g A9 0, S A 12 FEAD Y AZgte] FHES
AR 7o) 9A} Ak AL Zelv] wess uHd sRies
A Q1AE gHEo] Atk AS on|eith

[28 3-15]1E Aeld SIAEIMEE Bx) Jeizos dx] 7

_u

Ju o= o
filo

m\l

gE Hlwsty FARE AN HolFH AIRE 048 7|EeE EHs
A8 & 4 9wl B AFINE oY Adel dARS 042 AFssct
(@] 2], 2021)
a0 A
|
T ol
; /|
10 i |
w f |

[of & & 2F A &)

(17 3-15] Bfete SIAETIH(SE 23)

=4 #2 7S4S 09 Y A= AR 9P G g dol
ol B oln|xzte] ol2oixA Hul, AE AN T 4 G4
B2 dlolg ojn|x) o] WFH FRAELI] WA FFol FAsHA Ml

sto] AdAskE tiA ElAE(Symmetric Tes)E AA 245
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3.4.9 RANSAC(Random Sample Consensus)

#2AHF A (RANSAC)Z ol AlofA Lo|=E A|7skal Hds

=
ojx 5 Egsh= W= floly oA £5HA mdlo] nis A= b
B0l AFE $£Pste] AL E FAHAZITE. RANSANCS AREs5to] wf
A LRAAE £Y%E & oA E A|ASIA 3
12]

EREE PR TS

uy
T
T
2
e
filo
of
:?—l".
N
N

- 1

dlolele] HH3tE 95l 2-8otglch(Fischler, M. & Bolles, R., 1981).
2 dFolA= HEY Y Aol /IFs ZERt Y& ROI= A
Aopglon EAQY AR E FEote] FY WP H (Projective transformation
matrix)< $-eth RANSAC g2 Zopd Fgwiet JE-S HE A

2 (29 3-16]9

Mo oo

(a) ehE=ts! = A (b) ehZ-Ehsl A= &

(213 3-16] RANSAC &18Z& A4 Axt

RANSACZ dHloJelo] Z3JtE outlier H
+ AEstHAE gyl wenE 24
s = RANSAC Ayt oiwl 22kl 4= Q= A2 7HA]AL Qlof o]
£ 2@ stofof g,

o
=2
r ~|
)
9,
o
iy
oo
ek
>
%9,
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3.4.10 DMR(Duplicate Matching Removal)

M olmlXeli fARE SRl Y] wRe] Hlole mAelA pre
EDIS Qe FE Y 4

e A9 DA & 9lem unique 3 key' FhE FESfoF oh= AE
% w40 Azt TS 718 = v mEkA
= &< A eoh=
A Ade #PstH FHo] A=A &l f AHgE & U= A
o] Python pandas®] duplicated) methodE ©]-& A

& dFeAdes daEn Vee &85t XU mESE AS5g A
2], dlolf F7 ¥ 5= skl dolHAl Weo S5 mArES 4
Fsto] AAsen HE HolHe EFHe VEer AL FEEE A
Adste] =Z st FEHAY BHEEHE= golE(Redundant), HOTEZF 4
S AAAY S3H=E ol (Overlapping) AA 52 53l 222 o]g

120070 AHgsthaH.

i
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=
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£
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—
(@]
N
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i
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ol
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ofmAl]
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Z9] Descriptro®] %4 ¥W4E =&

AE WAZ 21690719 7 HlE olmAE FFSteH olF Uk,
Z9, kol=, ¥g 52 WYY Y= ASS Fote] omA|o] WIS
qegt 2007]9] om| A= gloleHo] o] ZAste] Hw To]E<ko] uji
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(27 4-1] 559 v dlols x3] b
WA S5 APIR A4t WHde FF, g5 e, dol, &5, 2y
A 7eE B 5ol RS YEote] F&ot T
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e mlxe] Yo Qpao] Gl L] Rl slole B dlold
o AB4o] AL Fash atoltt 58] HE ojn|x] HolHE A
2712 Qs Weol 2= W % Aelo] e 54L& AT Qo] AHT
ao] A HeolHE Aol ARgstelok st

B Aot dels PaAde gd 419 delHY AE 24
o)A Aolz 2%, olnlA] SAEIY BT, EAY £E T T84 A

71 5= T dlole A B BESE ol Rl
2O 715 AA=el ol B "4, A 24 74, &
Ao A=, A4 A= T T8 84F AHPoIoF qt F
44 # A B2 2717 Aod Ae] S8440] EokAH, BEol 4
717 255 A4 Aede FEEY HEI AZte] @ol gl net
N AT B2 A7)0 Aol Basi

(o]
it
o

by o

= oI
s AN
om FHA 180 x 170=AA Hf 841 x 8252 TAME XASIY] T

%

ek, A AlEdeld Ao mEd, dirFoz A 20070 o]
HEo|] StHEH FHo] Theet Aom ZAEYCH(ZAE, 2023) HIE
A 71E9] AelA 5070 olste] HolElE AREol] Aldstlea Aot
A" 20079 Wl HelHe Ade diEAde 7 v

AR

e i
Y

(£ 4-1] = 7= A9 dlolE 27/

) _ Training Test Confirm
Resolution Pixels ] _
(source Data) | (Confirm Data) ratio
180 x 170 30,600 216 216 100%
290 x 280 81,200 216 204 94%
454 x 430 195,220 216 200 93%
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] , Training Test Confirm
Resolution Pixels ] ,
(source Data) | (Confirm Data) ratio
549 x 515 282,735 216 200 93%
760 x 725 551,000 216 184 85%
841 x 825 693,825 216 160 74%

49 AAsh A7 BHel uet mie] Ko} olgolAc shv] A
Ate] AFHEE o]y] 98 MEZo] Jol2 nEste] [B 4-2]9F 7+
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ol
ok
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(@)
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1o
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fn)
o,

HE J&L 7|Htste] BAdo] ZHIZ2A PER] FoH A7t "oz
7] 2] opencv-contrib -python 4.5.5.64 w]& 7|gto]jA] m= g 728
< 7fgsto] diolHE #A skt

[E 4-2] &4 AF glo]g E=

ar

el 2z HlolH 2 dleld 74 HlE
34 olst 43 40 20%
4~ 64 27 25 13%
7~9A] 45 45 23%
10~12A] 46 40 20%
13~ 154 37 35 18%
16A] o1 18 15 8%

A 216 200 100%
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5 ZYste] mtd=2 FH|ste vl 14 REST API AH|o] &
F52] g2 WA BlEs WAEAA KT 946}04 25)7] ke ureE A
|

sl
o
=)
A
l_ﬂ
(N
I
ol
ol
8
o)
>,
ool
i
=}
=
>
gw]
@)
3
=)
O
j)
filo
z
J:'
r&"
i
I
sl
=)

H] &2 API Service Server

= can

jrl]

St = A ¥ 114 Folder

- P N || § —» C———
w2 ol 2] A4 3% Folder

-

um Hu) 2

I-'t:ustmqn APl APT Server -
H-& Image 3 Test Client : w5 o]o]=] vf2] Folder
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Skt o5 {8l HliE oluAE AHSEAL olu|AoA EFY HHE F
= & DBoll A%ste API ABIA 715 AlE 5 dAeF WA skl A%
Z0 AP QYA 715 5& FAsisich UE doly SRz 2
Hi& olm|z]e} EAH AHE A5k APl AH|A 7|50 A4 554
HE B2S HolFi AP AHA Fl%, B4 HE olnlAeld 54 4
HE F5 % HE DBl AR Hl2dt ujd ofFE &Qlg 4 Q= API
AUz 7% AZ 8 g oluA wel @ ajgw oluAE Bse 7|
T ToE FAH Ak 9 we VleS FAskd

@ . Bl - AN 0
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A7 dlolglolAo] Hla Hlo[gAl2 HlE MM Data W& o
A &% Agote] B Hlge] tigh APL AH|AE ste #dE AU,
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o} Hln Al A dlolgHlojxe] = ZIEHClE et 10% o] vH
2 7 A% €< dHolHz JIAES st W S dAS 23

100%2] wj3 9 Q14 AFES Lehfiqich
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4.2.2 DB dlo]E]e} e o]~ 74

DB tlogel Emo]ls AF wjy Az
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golgd 4=

G QES ug )

o] 7lsst HirgAe]l H|E olmzxE FH|SIH NASS VM(Virtual
Machine)o] Erjd=g F<£5to] H|E QAREST API A<} mlAu]A API
AHE |4 oA DataGrips APA]7]21 H[E dlo|EH|

o}

o|Ao] &5kl Postman S/WE Nﬁﬂz‘s}oﬂr/}.
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[e)

SEotal 715=d
oAHE QHstH 2-*21}94 H]D UHX] Q3o Higk A5 9 Amfjo] §H o
MAE 2RIt} Postmanof|A HIE i APIE A2|d wf Ae]= Time

sfelgit ol qiEuols A4 REol Ae AP 2ARE AZHA
DB A4 9 HolH Query, Matching 1831 ZitE o= skl
B ) AEATE HAESEE AP 94 HFSUS WL o
717 2EE ST A%S Selsior

REST API HTTP ZR2EZ 7jdtog ulo] T3 APIE Q34stn
249 APl Dambase® #4 2 FAlsky el dolee jash 9]
& AuimEe] el 78T HFAY 24 F 1 ANE oA HTTP =
2EZS olgsle] $UIT HFAo2 olgAsl SUH e thewe
o A Qo] A dAA AR L] flEiA AP 8T 2% AdEs o
SHte 5 Ag)= A7HE 8Qlgtt} Postman® 2 H|E ujd APIE S &5}
3 A ARE & wj7bA| Q] Prepare, Socket Initialization, DNS
Lookup, TCP Handshake, Transfer Start, Download, Process®] 3%
2 77t saspr.
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Postman® &2 H|E A APIE TEcty Wiy ANE ¥ wi7ir] 9
HZAHE HolFe HBHo] glomg 7] HBO Sol5tH E9A7HS
47} k. Prepare, Socket Initialization, DNS Lookup, TCP
Handshake, Transfer Start, Download, Process®] A o= Zhzho] A|7F
s 2gem oA AFADL [® 4-307 2o,

[3 4-3] H]Z HlolE miA Azt
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TS Yote] EA A (Feature Matching)= ARttt % A2 A
T olmz|oA BT E4 HAAHEES Hls|A] B[S A
£ ¢4 Hlwsks oujetth. £ w2 $Isi Open CVOl 54 miA
Elgjo]2 g5 ARESHe] olmA] inliers] % inliers2 ¥ oA A
5 9 A A g gelgth. OpenCV 3.4014 Algst=
Ho]A S wjA 7|2 BFMatcher®t FLannBasedMatcher §©¢] o™
cv2.DescriptorMatcher_create() &5 o]8stdtt. AAAE &4 wiA7]+=
T N9 g23ygdHE AR Hlwste] ofd dlF= 4R match(),
knnMatch(), radiusMatchOE AR&RIth Al &4 =& A WA oietn| g
Q1 queryDescriptorsE 7|22 5 WA matua|EQl trainDescriptors?]]
ore mxe ki)

A WA 4 matchess WA 23 D DMatch 214|9] g]AEE e
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£ $&dt] e A wiAHS Zre=th. meH|E queryDescriptorse
=4 dzady =g, miFe Tleel 2 d2aadyE, wEvH
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queryDescriptors gt 7H & 2] wjA-& ©|F&= trainDescriptorsg 2ot
AE yebdth 2y A miAE 2] Eole AS wteEE wiAd Z
I JW47F  queryDescriptors®]  ZiETE HES 4 QItd. matches =
matcher.knnMatch(queryDescriptors, trainDescriptors, k, mask, compactResult
2 | compactResult= WiAo] gl A WA Ayt BExd
(default=False)=|™ K7§<] 7H¢ e wid& WepdT:. knnMatch( 9

= queryDescriptors ?F 7% k7He] 23 o] Z49HE trainDescriptors
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of Al o} wreketeh. k7RO XA o2 e 7 HIS kAATES]
Hheketrhe ofnoltt.

matches = matcher.radiusMatch(queryDescriptors,  trainDescriptors, max
Distance, mask, compactResult)= maxDistance ©Jtje] Az| S ZA|TH
t}. radiusMatch() ¥+ queryDescriptorsoll4] maxDistance ©JHo] &=
trainDescriptorsE 2Fop ®I2HsIth, CompactResultol] defaultgte] FalseZ}
ALEH TrueZt A=Y ofF AL F716HA] 9=

Al &2l match(), knnMatch(), radiusMatch() g49] Wik Ail=
DMatch ZA] 2]AEo|H queryldx®t trainldxZ F o]u]z]e] o] Z]3
o] A& WA= =R AHEE Alsetrh. E3L distnace® A2 Q1] AHE
A53ch OpenCVollA cv.drawMatchests WA AFE A|Z4Hoz 1
Sh7] sl & olu|AE sty AA w7 Hdog ddsh= A
cv2.drawMatches(imgl, kpl, img2, kp2, matches, flags)& AFg3tct,
mietule}t imgl, kplis queryDescriptor®] o|m|2]et EAAS img2, kp2+=
trainDescriptor®] o]u]z]e} EAH-S UEFH™ matchests A ZAxte}

flags 44 Te)7] gHoR At oluxE AT,

mo rah o

(23 4-7) API 7% H]& dlolelsl w4 shel
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78 &4 d1ugEe HAgsts oetue 2 ORB®E YAIHEH
7191 A9 NORM_HAMMINGS F=2 ARgStth ZF sid 7] =9

Perspective—n—Point, %2121 F4(Homography estimation) ©]u]%]

|m o
D Y

—_

¢

E] % (images stitching.), BH F&(plane tracking), AAZF Z=

"
i oX

s
e

(Real-time pose estimation)?} &2 o|mv|z] wj¥ AH-S Y5t

ORBE #83 uj% A%tes 243 Ane gew 2.

keypoints matching

24
=
=
&

[19 4-8] ORB AH& A4 miAE

=4 A s obr] el #F A= dole(Datal)e] EXA
1,164702F DBoll A€ Bl do]e(Data 2) o|v|A] £ 1,16470=
et o ol& miA stele A 413709 WA st EAAE S 27670
7b A= Ao Yeig 67%2] MAES YeR QI

ORB¢} BEBLIDE =3 da2]&o4 Descriptor®] AAAZHK)S
0.25~1= 7Fdo=w AHEsiglon 2 miAES K& 1= sto] WiAE

2 Ak,
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keypoints matching

[13™ 4-9] BEBLID A2 AAF mjA&

ORB®} BEBLIDE H|wgH Ai}b [3E 4-4]9F Zo] ORB Xt} BEBLID
ol8ae W A WA gl AvHom He w7y @ 4
gt JEHOR slEdte]l AHME Vg % WS AFH B7} vE
2 PAQl Qlefolojo] MEgL ket ol Axtste] WL

No. of Inliers
No. of Matches

=
=
o

o X

Inliers Matching Rate = 100*

[ 4-4] ORB®} Descriptor 3 Hlul

N . . . Percent
T Keypoint 1 Keypoint 2 | Matches | Inliers of Inliers
ORB 1164 1105 413 276 66.8%

BEBLID 1164 1105 447 337 76.2%
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BEBLID 7|&AZ2 AMESHA 76.24%2] <lgolzlEs 942 4 glon
ORB 7]&}e] Qlgtold] A7} 66.82%2 Hrf 949t 2
AZx o7 ORB% BEBLID &41#&2 HWg
AFE BEBLIDOIA Bt 10% FA4AIZ & A2 Yerdy o

1“"|oﬂ = Oﬂslz_g [1]11 _/,\_ o] o

gl 03 1= ARgsto] ofm

H oAl Sy i
ol=
=2

il

(o]

o,
rEl

o

il

inj

:%

[t

=

oZi:".‘:'
rl
N
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ﬁr
b ol
el
S
EL
rL

& O
. 5
Eﬁd
I._Tnﬂl[m
_@NZZ
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;grlr
o
o

S

ol
ol
ol
8
AL
£
il
m(*]
ol
=
Mo
N
il
Y
)
(o]
ol
El
o
=)
N,
2 o
X,
B[l
o
jub)

=
e
i)

Valie-upe 9 2 dolge] T @FS T

Al tﬂol‘ﬂoﬂ gt A & 42 vl HolH

S
Y
N
=
o
ol
B 2
Lo

o)
Bl
s
A
R
o
>,

f ox
Lozt
N 51 B
o —Oa %)1%
mo= e
i ) _V,L

1o
N
v Jm N

o >
= o e~
S E 1 i
O ol
% N HU
N o ri
i? o =
S T o
o & o
S <
o N o
ﬁ Olr I-E

=]

o B 2
2 dm 4N
o rlr

i
rO
ok
4>
s
rr
o=
.
N
or
g
=)
o
¢
o)
=)
R}
il
r o)
o
ﬂF
o=s
-
N
or
olr

I F

BN e (FALADE R

Aarvririnn . . S w, — A .
Cmmimrs Ty ar P —
N o (P AR I T )
S iy = - AR | Eaeaataln Fo 3 B CU g - - e
T LT |
1 k=3
T Ol A5 @0 ="

[i%l 4-10] Data API 7|4t dlo]g] A%
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4.4 EVELID ¥i12]&2] A7 Descriptor %t 4H3

A U2 olujAl A4S VAL HAES APsion] s|EAel
AFASEA LS opencv-contrib-python 4.5.5.64 W& 7]gtoA] HIAE
Rt ofulA] XM mzAY R oA 7]2AQ

Image Resize, CLAHE, RANSAC, DMR ¥ o 2 x| 2|59 t.
A7 &8 SIFT, SURF, BRISK, ORB ¥12]5& &8&otgon 7+
A ¥g 7]207 Zro] A|lFE+E= Descriptor?t, HE=2 BEBLID

Descriptor?] Scaler factor 0.25~27HX] ARl &S A Alst9tt.

(Source) H|5& ©]9|A] (DB A%) Hl= oln|A]

[ 4-11] vl = dolg Bl

BEBLID®] Descriptor scale factori= oJn]z] mglnj=eo] A7y @4
E ou|git}, o]n|z] mEh|E= FYUTE o|uz]o] theFet S HAES E
tot=d|, 7} 52 92 omA] 9] thE AA|Yolt). scale factore= F 4

got=dl, 4
£ mEmE S Aolo] Al AAES BT scale_factor7}
20019 2zt mEh|E £E2 ol eEo W Jro] spYEE 4 "

B Aol AE 2 ol4be] gl HlEEE a7le AR A2 A% ©

 HlelE7E fAste] whgstA] eigkew oju|x] metuj=o] AALEY



] JEJ JJEH EAAE 2= oln &7 7]ZJIE 9] Descriptors 7]

2719] 3719} Local Neighborhood®] A1 WaF A4S Fofl A4S
Alaretct, #&ste] SIFT, SURF, BRISK ¢e]&  7]dtofA BEBLID
Descriptor & Walsto] S439F A3t SIFT= 10% ©lst, SURF, BRISK+=
60% ©l5te] AFEE Uetd= & 4 Atk & 2AId kel WA o] disf
A= BEBLID AR Aol 1 Q1Z&0] A o=x Hojx|al mjyEgo] W
olxS oF 2= 9loir}.

(3 4-5] ¢128)% 7|8k BEBLID #t A8 A3

A& | 4= | Descr—i | Scaler Matches . Percent
e 13_“?_ 13 2 ptor factor (R%Nl\ig)C + | Inliers of Inliers
SIFT none 149 64 43%
0.25 67 7 10%
0.5 61 6 10%
0.6 65 6 9%
SIFT 414 302 REBLID 0.65 76 6 8%
0.75 82 7 9%
0.8 77 6 8%
0.85 72 7 10%
0.9 72 7 10%
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Matches

- A% | 9= | Descr-i | Scaler ) Percent
T AH AH ptor factor (R%NNSIQ)C + | Inliers of Inliers
0.95 72 7 10%
1 79 7 9%
1.5 79 6 8%
2 84 8 10%
SURF none 217 78 36%
0.25 62 12 19%
0.5 115 35 30%
0.6 119 53 45%
0.65 117 48 41%
0.75 112 53 47%
SURF | 343 430 0.8 113 54 48%
BEBLID 0.85 117 64 55%
0.9 121 64 53%
0.95 121 62 51%
1 128 63 49%
1.5 147 76 52%
2 144 78 54%
BRISK none 315 180 57%
0.25 258 11 4%
0.5 274 14 5%
0.6 257 29 11%
0.65 262 27 10%
0.75 288 48 17%
BRIS 873 1116 0.8 285 55 19%
K BEBLID ™ g5 280 61 22%
0.9 303 70 23%
0.95 284 73 26%
1 287 84 29%
1.5 254 117 46%
2 295 166 56%
ORB none 480 386 80%
BRIEF none 395 304 7%
0.25 397 141 36%
ORB | 1150 1498 82 ggg 32481 28;/0
BEBLID [ -
0.65 510 386 76%
0.75 515 451 87%
0.8 513 381 74%
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Matches

- A% | 9= | Descr-i | Scaler . Percent
T AR AR ptor factor (R%Nl\iﬁ)C + | Inliers of Inliers

0.85 507 413 81%

0.9 517 420 81%

0.95 515 411 80%

1 510 364 76%

1.5 537 399 T4%

2 552 354 64%

AL OpenCV 4.5.5.64 Version|A4] 2007]2] H|= do]EE Aoz
s

B Q2 ojm|7gt AAE ojn|7) ko] MAEE ZAEle] 5 A
o}

Z™ BEBLID Descriptor #-& 0.25914] 27H] 7+
Avt B2 oz 0.75914 87%=E 7V A vebd

[ 4-6] 7FH Descriptor gtol mg dilz|Esd miAE v

&t
0.25 0.5 0.6 0.65 0.75 0.8

daels
SIFT 10% 10% 9% 8% 9% 8%
SURF 19% 30% 45% 41% 47% 48%
BRISK 4% 5% 11% 10% 17% 19%
ORB 36% 66% 70% 76% 87% 74%

s
0.85 0.9 0.95 1 L5 2

drdyE
SIFT 10% 10% 10% 9% 8% 10%
SURF 35% 53% 51% 49% 52% 54%
BRISK 22% 23% 26% 29% 46% 56%
ORB 81% 81% 80% 76% T4% 64%
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a1 2]EH BEBLID 7HH Descriptor % Bl 23t ORBOlA] 7HHZE 0.75
JEo] = Uetslen BRISK dale|Ea A&7t A3 204
7V A Ut ol olmlx] Holg o] F7]of wtet miAE 2] Zfol7t Lt

ehbe o 4 ot

T00%

DOE

HOE

T

0% @ SIFT
o = SURF
0% BRISE
U wORE
AT

1

0%

(19 4-12] Descriptord wjiA& =z

(19 4-13]¢] 7}25-2 BEBLID Descriptor £2] ¥3+E YEtH A252
"3 &2 UERATE Inliner7t 42]6k2] ¢b2 7% 022 Yehd® ORB €11
2 ZolA gl =4 vEbden 0.75t oA =2 wiAEo] UET

10HFE

B0

alFE + SIFT
- +5LIHE

A% = b = BRISk
—8—ORE

A

e 4
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4T 2% 4 B4 F2 dagSolM AFstE Descriptorg #o] A
8ok Aol dxo= shte] duegEY Az & oA el &
1=

Al vebsteh. SIFT  SURFO] -9 E4H dg& A7 A4 AlA 71+
o] A=t BY ORB, BRISKAH HpolHg] 7|gte g Ailtsh=
HFEox miAES] WPt 27 2tol7b U] kst

groju ] Z]wte] E4% FE|A BEBLID Descriptor %l—% Z 5 o
AEY dse 7HAten 55| ORB & ol8ste E4%e FE511
BEBLIDE Descriptorg Al4tsh= FollA= 7H =4 UEHE= 5
At & ORBZ EAF F52 otal BEBLIDZ Descriptor A4S sh= 2
o] 7H¢ MAE Asol T2 Ae ¢ :

B Ao A= OpenCV A 4.5.15 o]-85to] ORB 7|EIEQ] A7
AS thFskA A-8ste] ORBY 7|&AE |Alste] tixfsh= a3E Hl=
2-gsto] Astqlrt. BEBLID= wi-¢ &&4Q AYAE &85t HEo
ARtEE Fh|eke] o|m|| md-& CPUOA o]m|x] & 20007H2] HATHE
FE0to] WA wAde At A AZHS FolHA o|n|z] ujd

] 4= 9= A2 BEBLID Descriptors &-&3}9] oju]#] ufj3]

mO

O 17 e P

P

[O% 4-14] L 7N vZolH 52 dolgHo]2o A4
92 dlolHeln #H=52 HolH wiAe fs] 9 HlolHz F olnA]

S Adstazt o omx] miAE AsiME F olulA] Atelo] gt
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gk 7lsketA ®igto] st} oE 9l & o|n|z] Hlo]EE homography
FE o] 3x3 PE2 B ot A HA omAoA #E HBE FoH F
A ojn| 2] 9] H @7t =EEITh
& A= omA|e] dF HES EXck= AoE WA ORBE At
goto] w21 AT 5 = "A7IE AFESte] BAZE "Xtttk ORB
= A2 o HxoA EAEE Hlwstal FAST & Harris 8= AR
Sto] 2] BALE FXRith olF 27 7] 13} RUEE ARgSte] 7}
BAE Bee gtk ZF oju|z|oflA o 10,00070] EARE HAIGE.
o8 2Zon|2|9] 7|5S AASHEE tE oo HA & 5
UEE ou7] 7leS RUEPsHH X7l w23 4= 4 =R
ORB ¥12|&S &-8dto] BAE AR
ORBE= A2 o2 A oA vlwstal FAST = Harris 82 At
goto] 23] BAYE Addsty] Qo EAFF ] At BAE AA|sHH
olmj =7 2] 10,0002 RHEE Atgote] YF @2 5
28 AR & FolW 7 mAY9 Wk L= 3tk BEBLID
Descriptor 57 ZIES] fof whe} o|m|z], x| Fgko FF= A
o2 gt go] F&3floF ghthZibo X. & Dongyu P., 2023). 8|2 ©]
o) z]ofl A Fd 5007 olAe] EAH EWEI—‘Z: AAG 4= J=s AAstH e
M [ 4-15]004 Her HAH 54

. o i ¥ Py T
[Inpue Mueels] Kevpoine 1175 [Compare Muzzlel Keyvpoine 1107

[19] 4-15] Keypoint o]u]z]

Aol aHANMAY M7 o2 ol z|oA FQ
7] Sl E 2t 7|ZJIEE AAstoloF st o]

Jlm Jlm
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A olu|zlof tigh LA WlE2 EAED oluf BEBLIDO|AE ORB 7
25~28 AAsto] Attt Qs 2= AAET A
= o] H&= 1Sl olm|z] mu|EE ofu|dtt)

thgo® T H|W olmx]e] 7|RQIE ujy WAES F<Isty] 9ste] A
WA om]z]e] 7t Z|l&ztel £ WA o|u|z|o] BE J|&AE Huwgtth o]

187 e AR A 04 7 71%:@ el e HE 42

—_

|0

e wag Fojel 0174 gmol 2oEA AT 5 AEF B

i i | -l =

45 dlold WAE 24

4.5.1 &< dlolg mA

(2% 4-16] MRS SHAE Hlw $A L2
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keypoint_process(img, name) function® 2 Foj=2 Aej1 "Qof u}t
2} wietu|elo] Y& ojmz]9} H]W o] 2] 9] keypoint®} descriptorg =€
off 1 25l & descriptorg 7HA]2l £4 wiAS sHA Hoh siE function
ofefje} o] ARGE=T| ARG Hof mlg] o|m|Z] EESEAL resize R TLe[o] A
AL Aelsti CLAHE AA 72| SHA = Q&oln]z|ef mjx]oln]z] o] 74
A& function®]] HolFH S oJu]x]9] keypoint@t 4 descriptorg ¥
g St} otdlle s 54 HAAHE=E miAde AARE F29 F=o|t
BEDBLIDE AH& o] scale_factor g2 gol&ol whet Q1AEo] 27 &t
A= o] 2 54 "HAAHHE v ol she ou|AE H4aHeo] HE
o2 7}9 ojn|x|= WA olm|z] HEm|EE B T S o|n]#] w2t
=oAL FAsHA S0l Yeves F2e 54 HAAHE=z WHE7] 9
&t 71 AAdgtolth

(1% 4-17] £ d23dg vy =233

Max gto| 1o]a o] #
2o Afo] =] o]ujz] mlgtn
0.759 oJujz] mgtnj=9] Z

22 ojujz] mFU|EE THE o ZHAsHA] kAl
E TE= Ao g ok scale factor Fhol
Z =3

e 7 AR 75% 404 LEsH
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ougte}, o2 Eof A& olux|7} 1000x10000]H thg YdH ojn| A=
5% 4504 750x7500.2 Jdsty the o] ojmz|oAE oA
750x7500014 75% Z4dHA 563x56308 Z4H HAZ ojn]z]| Hdu=E
TAAsHA "Hot &, ZF DA R scale_factor Fo.2 FHASHH ZHF 44 o]
02| e EE HAAE FYet £ FiES HolA He AS B fa3
HE 2 YAsH =gl ojgA dozn M 5, AAY Solx He o
T A 2 A olelAe] SHE B A T 7 A B
DBoll A= & 2007H2] o|m]|=] Hlolg e} ZgH A vHlw ofn|z]g]
5 2Rl Qo 2] s det AA| HolE ofFef tigt Q1AlS 10%] Ad
sttt opencv—contrib—python 4.5.5.64 ¥} python 3.6 7|HFoA
BEBLID®] Descipror®] A5zt K= 0.752 st4et. 214 912] o BE gholgh
w7y AT BF 86.2%5 erLon] R 2o 2 Axle] SHolA Fo
Ao g Yersict
(& 4-7] &< HlZ W4 A3
o | gEolm|R] | Hmo|m]A] — 34 A
TF | =g | =33 | wAn | 9md | s
Case 1 1,164 1,150 523 446 85%
Case 2 1,164 1,283 727 702 97%
Case 3 1,164 1,498 615 530 86%
Case 4 1,164 1,105 442 337 76%
Case 5 1,164 1,241 582 547 94%
Case 6 1,164 1,132 827 815 99%
Case 7 1,164 1,150 493 397 81%
Case 8 1,706 1,611 782 639 91%
Case 9 1,355 1,117 556 444 80%
Case 10 | 1,570 1,525 638 465 73%
2 dAFoA= vl HolHe EAH 5 dar8&<l ORBef| BEBLID
9] Descriptor %< 7IHA R A st EHA 1+ AYE Alhtst] &7
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feature AYAE WA T ob2, WA H+E =9

i OH| 2|7} FYRE HlZoll A U2 A Q1] 9] o BE AASH=E g = 10%9
UAZ (Threshold)-& A5t om ol oz A FLo& Hiolug] o
~ESE mjH o] AHgste] & o At 22 =& a7t Stk BEBLIDS]
Descriptor gt K& 0.752 274§ ORB €az]|FolA 5 H]E thet o]n]
2 Wy A A= ofef mep At

# d|aH|@ojax]
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10

dlole] 511 vlo]A2AH|A Data BET @7 4 2§5to] v12o] thah
API MH|AE SF= "iolle AuH]A PET-IDCARD API®F PET-MUZZLE APIZ
212k Al Aste] ThAS AmRE Aa 100% Uhekdc,
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A woleuol2o] A Hoigl T|EdelE e} At
zApste] 7 0] Q17 ol ARSIt F 200749] 4
o} Ao} 9lA] gk Al B olnlAo] i E sl

5 oulz] HloJE

= 98l 27 o E 7/ 1052 vl HolHE 7HHetz A2 EYstA e
™ BB OS2 opencv—contrib—python 4.5.5.64 WZ 3} python 3.6 7]¥of A
o2 A Q17 ofBE =RIet Ayt o33 A Ayt e T

[# 4-9] v]Ed HZ o 23

2w | BROWA | wmelm | BE | AL | AN

= =44 =g | WAl | wEd | oEg
Case 1 1,164 1,708 285 12 4%
Case 2 1,164 1,116 272 14 5%
Case 3 1,164 429 187 12 6%
Case 4 1,164 1,716 343 16 5%
Case 5 1,164 2,001 400 22 6%
Case 6 1,164 2,428 393 19 5%
Case 7 1,164 2,422 392 18 5%
Case 8 1,164 2,608 393 14 4%
Case 9 1,164 1,701 343 17 5%
Case 10 1,164 2,001 400 22 6%

A9 Av B 512 W HEEE depyon] ol H4AHE Threshold
7k 10% olstz A4S Ax|ehz] P flo]HAL 2
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A HE

ojm| 7|

%

10
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4.6 ¥]Z dlolg iy Ax}

A48 HlEH AFE 200709 HZ ©leld wiA2  pencv—contrib-
python 4.5.5.64 W3} python 3.6 Z7|§tolA] Synology DS220+ NAS A
2"l Folf st e v B4 AEY AHeL Holy ] AlAH
o= F/gdste] HlE HA APIE &l Zastrt.

4 2% F 9 HE HlolH= [# 4-8]9 Y Hl& olv|A] uiA
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ey 22 miAES dEideH

QA7 g Wl ol W

]
453 ~ 480%% 10% wlgt vje] WAES vehyelet

(£ 4-11] dlole o ==

b I

Case 1

1 16 31 46 &1 76 91 106 121 136 151 164 181 194

A3 AE : 85%, HIAUE HolE B : 4.62%

Case 2

WWVWNWWWWVV‘WWWV\/VWVA
1 15 29 43 57 71 85 99 113 127 141 155 169 183 197

A 4B : 97%, HARE HolE Bt : 453%

Case 3

o WW«AAAWM

1 15 29 43 57 71 85 99 113127 141 155 169 183 197
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7= R R
g3t ol AE © 86%, vIgeE dlolel W 1 4.65%
100%
80%
60%
Case 4 40%
20%
0%
1 15 29 43 57 71 85 99 113127 141 155 169 183 197
3% AE 1 76%, HBEE UlolE B : 489%
100%
80%
60%
40%
Case 5
20%
WMMM«MMWWW/‘\AWA\
0% W
1 15 29 43 57 71 85 99 113127 141 155 169 183 197
Ag WAE 1 94%, HIALE dold BF : 4.68%
100%
80%
60%
40%
Case 6 0
20%
MWMA«AMMWWWWMW
0%
1 15 29 43 57 71 85 99 113 127 141 155 169 183 197
A WAE : 99%, HATE dolH B : 4.82%
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o dloly =Y U
100%
80%
60%
40%
Case 7 20% M
0% WA AMAAAMA MM AN
1 15 29 43 57 71 85 99 113127 141 155 169 183 197
4% 4B ¢ 81%, HARE ol B 1 474%
100%
80%
60%
Case 8 40%
20% W\M\/J
0% WWWMWAMAW«AN\AW\
1 15 29 43 57 71 85 99 113127 141 155 169 183 197
A ol0E : 91%, HIATE dolE W : 4.69%
100%
80%
60%
40%
Case 9 20%
0% W\N\AJW%AN\MAAAA/\NWW\WV\/\N\N\AV‘AN/\NV\VJ\
1 15 29 43 57 71 85 99 113127 141 155 169 183 197
A NS 80%, BIREE ClolE W 1 477%

_9"_




TE g8 WA U8
100%
80%

60%
40%
20%

Case 10

0%
1 15 29 43 57 71 85 99 113127 141 155 169 183 197

e hAE  73%, HIARE dolEH B : 457%

A A3 1719 Input_a Hlo]E et A%H 200719 HeolgAl & A
j dlojere] UdAes AHAsilew [# 4-8]9 FY H|E oln|A]
UH;Q Hlgit o] FURt Holg o dA&2 Bt 86.2%5 UEHH W
Uz 199719] HolE b= Bt 4.65%= UET
71E FARE AaEolA miA T BmiAS 25t 9
9] threshold #t= A%ttt A= ofdAIE A9 Q= AAolth. whehA,
2 Ao E B IS JIEHeE AL o= gle =
ot d9e® 7HgA e 2unt AF dolgAle] & Ao WHES o]§st
of jAES TET A T o]z 9] Bolle 80% ol%
0] =53, 1 9 "4’% ojuz|ete] HIW Alofl= LEEA 10% wRES
= 453 ~ 482 o9 glo] &S AAE IdE T2 EH 4 471 9l
o} ol AR 10% WelE Threshold gte=2 AAsto] AA| vHlZE ufjZo
8ol A2 AET 7Iegiol 2 Zow wekEch

I‘-l

N
=
HL
=2
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51 479 28

SEuere] W EE Y HFe FEEIHAIB2E Ala)dd w=d
7FgollA Bt e] BAog Argsh= i, 1ol B, ==, ZUn, 9
AEE At U 55E WrEsE = 20159 887 8,000mf=] o A
20179 1179+ 6,000m+2], 20209 154%F 9,0002.& 30% o4 wjd =7}
ZFAlolw Wi sEa P A I 20179 12 9,000919 oA
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ABSTRACT

Research on Derivation of Optimal BEBLID Descriptor Value
for Muzzle Pattern Utilization and Advancement of Object

Recognition Matching Technology

Yang, Jeon—Seong
Major in Smart Convergence Consulting

Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

In South Korea the number of households with pets has grown
continuously, reaching 3.13 million according to Statistics Korea’s 2020
Population and Housing Census. The rise in this number is also
related to the increase in single—person households (34.5% of the
South Korean population, 2022 Population and Housing Census,
Statistics KoreaThese trends, along with the spreading recognition of

pets as a member of the family, point to the need for systematic pet
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management. In response, the South Korean government has introduced
the animal registration system under the Animal Protection Act.
Currently, two methods are available for pet registration in South
Korea: having pet identification chips implanted in their pets or
attaching pet registration tags to their pets’ collars.Neither of the
methods have been widely implemented, with pet owners feeling
hesitant about the implantation method due to ethical issues and the
collar tag method due to its inconvenience, such as loss and damage.

In light of such low response among pet owners, biometric
technology has been gaining attention as a more convenient and less
intrusive method for registering pets. Specifically, biometric technology
identifies faces or parts of the body from standardized images based
on their distinct features, which are called keypoints such as tilt vector
and colordifference. Existing techniques for recognizing objects in
specific areas of an image include Scale Invariant Feature Transform
(SIFT), Speeded Up Robust Features (SURF), Binary Robust Invariant
Scaling Keypoints (BRISK), and Oriented FAST and Rotated BRIEF
(ORB). In existing algorithms, low image resolution and the variations
in the images’ scale and the rotation angle tend to lower the object
recognition rate.

The experimental procedure consisted of a total of 10 steps,
including constructing a muzzle pattern database (DB), extracting
features, post—processing the dataset, matching the dataset, and
analyzingresults. The recognition and matching experiment with 200
data samples resulted in an over 70% matching rate, proving the
feasibility of this method to substitute existing methods.

A minimum 85% matching rate was set as the standard for

- 106 -



determining the optimal value of the BEBLID descriptor. The object
recognition rate of small images like muzzle patterns is low, especially
when the image includes many fine details, such as wrinkles. Since
accurate image recognition and analysis is important for object
recognition technology, the optimal value of BEBLID descriptor is
derived to resolve ORB algorithm’s problem and utilize its excellent
feature extraction ability.

This study’s findings on improving the object recognition rate are
expected to contribute to the implementation of the available methods
for registering pets

This study proposed a new way to recognize muzzle patterns by
applying BEBLID to the ORB algorithm and also derived BEBLID's
optimal K value, which is the scale coefficient and the main variable
of BEBLID, for improving the muzzle pattern recognition and matching
rate. Specifically, the ORB algorithm was used to extract the keypoints
of the datasets using the corner detection method and calculate the
directional information of the keypoints. Then, BEBLID was applied
using variant K values from 0.25 to 2 to investigate the improvements
in matching accuracy.

A matching rate of 76.24% was obtained by comparing the
extracted keypoints of the source and stored data using the ORB
algorithm applied with BEBLID (K value=1), which is 9.42% higher
than the matching rate of ORB alone (66.82%). Also, BEBLID’s
optimal K value was determined to be 0.75, achieving a matching rate
of 87%, which is 10.76% higher than when the K value is set to 1
and 20.18% higher than when ORB is applied alone. The improved

muzzle pattern recognition performance reported in this study is
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expected to contribute to introducing muzzle patterns as an alternative
pet registration method to implanting IC chips and attaching
registration tags to collars.

Despite its contributions, this study also contains some limitations.
First, this study used 200 muzzle patterns as its data, which is not a
small number, but a larger data may be required to draw generalized
conclusions on the time it takes to process the matching and matching
accuracy. Second, this study set the threshold value of 10% for
judging two images as identical. That is, if 10% or more of the
keypoints were matched between inlier 1 and inlier 2, the two images
were considered the same. Although this threshold value is in line
with most methodologies for object recognition techniques, it may be
possible that a different threshold value may be more optimal for
muzzle pattern recognition. It may be worthwhile to explore the
determination of the optimal threshold value for muzzle pattern
recognition in future research. Finally, this study experimented with
muzzle patterns of dogs, but further studies are required to test the
recognition and matching rate on muzzle patterns that are smaller, like
those of cats.

The researchers hope that further developments will be made in the
models for muzzle pattern recognition to enable positive changes in the

systematic caring and managing of the pet population.

[Key words] BEBLID algorithm, Descriptor, Biometrics, Muzzle

pattern, Keypoint Detection

- 108 -



