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ABSTRACT

Ferrography analysis technology can effectively reflect the distribution and type of wear
particles in the oil, which is of great significance for timely detection of equipment faults and
ensuring stable operation of the equipment. However, for ferrography images with complex
backgrounds, traditional methods have difficulty effectively distinguishing wear particles from the
background. At the same time, the common phenomenon of oil sludge adhesion in the images
further interferes with the identification of wear particles, seriously affecting the accuracy of the
analysis results. Compared with traditional methods, deep learning has advantages such as
automatic feature extraction and strong generalization ability, and is suitable for processing images
with complex backgrounds and a lot of noise. In view of this, this paper conducts research on
intelligent segmentation and wear particle recognition methods for ferrography images based on
deep learning. The main research work is as follows:

(1) A complex background ferrography image segmentation method based on AFNet
model is proposed. Traditional segmentation methods are used to initially extract masks, and
images with better effects are selected as training samples. By training AFNet, a model suitable
for ferrography image segmentation is obtained, and then combined with gamma transformation
and overlapping block prediction for image processing, achieving better segmentation results than
traditional methods.

(2) A wear particle recognition method based on Density-Based Spatial Clustering of
Applications with Noise (DBSCAN) and YOLOvV12 model is proposed. DBSCAN algorithm is
used to cluster the masks generated by the AFNet model, extract the wear particle and oil sludge

regions, and realize the automatic labeling and construction of the dataset. Then, the YOLOv12

model is trained and verified for testing, achieving effective recognition of wear particle targets.

The proposed methods are tested on real ferrography images which from the test run of an
aviation engine accessory gearbox, verifying their effectiveness and accuracy in wear particle

segmentation and recognition.

KEY WORDS: Ferrography image analysis, Deep learning, Image segmentation, Object

detection
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T QnipE 2.4 Fraw, A& T8 770K RGB 8k LAB Bta 25 8] () =45 SR 40 2 4k,
RIGHZ (S B 5B MERIANE B4 A H R =R AR, 5 T = 4ERK
A AL R B K-means 28286 Bk 515 540

A’ 'Il .A "_.": *
W gRin W
‘e’ : . b .
(a) RIGEI% (b) ZHRATEER (c) FEIEIEE

2.4 FieHE+K-means BISKIZEEI& S5 EER
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B % HEF AFNet (IR 2415 S0 B0 5107 %

(2> #orordgs RgoR

G B BIONERN T HE SPGB SE—. OB, TREPE. JoAi. Wb 1) i =
Pl R BIRCR RAF, BRRUERHIG R 58 = BT, Wil 2.5 5B 2.6 1 (a) ~ (D
Fi7R o

ERAELFRGLT, BT LHMER . HIEN R A— B ROIEMZ 57 K
FIRAELE, AFEBIRGE EE A 5 BRI 2 7 BXELRIE R i s, S35
ARERERE. KRB Z . mEA-HERERNERIEER. W TERERNEEEE,
K-means JGyZ:38 i = 4k RR 72 A FE 2943 21 1 X SR 288 L . i B i 52 1 2% 200 R AN A
AAGHE R R B EE S (A inel b B EL ) kA E MR AR . ] 2.4 5IE
259 (&) ~ (h) FiR.

(a) 1-3-3 (b) 9-1-23 (c) 19-2-69 (d) 40-1-117
: - ¢
(e) 6-1-17 (f) 11-1-31 (g) 21-3-73 (h) 49-4-148

Elfg 2.5 fFroEISkiEER

i . ; ‘l‘ -'J‘s : ‘ i
i \ I v J Pt
B . " ; f]‘I Flillf‘ R X " I * Y j’ ‘ ; t ]
1‘[ I | ) v = K ?4/‘. }H
g . N Vi
(a) 1-3-3 (d) 40-1-117
: g T D PR L.
| J*-;‘r" IR
k ..o ! ERURLNIL SRR
g' y‘q.. & : .
(e) 6-1-17 (f) 11-1-31 (g) 21-3-73 (h) 49-4-148

Btk 2.6 fRGE AT EIR



F MR KA L B B3O
XK AR ek BB BURE R BRI 5, Sl KENSHRERES

R 1] ) 1t R 4 BEAS HE A RS R I 0 BB R . TR ASRIR RO A, Aegi 17 iE
RGN MR BT . AR SR SN, RS BTkl e I 2 R R
e, HSINE 2 KRR TT 5 SBERE R BRI 5T ERCREL, JFAES S0
PR THL MRS BB Z . TR R 2554 5

2.4 EHT AFNet BIEKIEEIG D EI 5%

2.4.1 ERMEMLE

BIRAMAEMN L R — RGBS H I B A IRE SRR M4, SRR 2
— P RFMEE. WK 2.7 iR, BRMENKSEHERAZ. BRE. 2. &%
JER R R, A B R AL R AL B E

3 %
7
&
° I 4
..... 1
ﬁqu:m 2 g "’ 10
32 || | 2] ﬁ__: ......... L /4 )

cng
~.

/ 14 10 -
I 10

3 512

64 64 64 64 1024
LN EZ ik 2 ERZ ik 2 EERE

[ 2.7 HERMEMKZERREE

(D FWNE
BN 2 1 BAT S B N BURE AT AL, B B asE RS ME 1k, B

ETHRRENZE S, N n S IR A% (g — HEME VG R B, et S R R an s ROEEA —
FEONGAFGE S L HAZ O IR A FER R AR F O G KRR,
PR 28 A PR

(2) HHRZEPT

ERE EEAL S 2 R S E RS A0 IR I A T N\ = TiAL B A 2 A2
FAIEE . E 2.8 7x, SRR, %R0 KD KgshEiEg, EER%
FHISHAR Z B E A, BIERRSEIE. M REENERZSEEL NG
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B E JET AFNet FIEZRTS BHERIE G BT 14
PRZE 25 B Y RAZ 0 AR, L H BRI M e SR, s ARR E G A, @

HZFEEIR, SRR R E R e EEE.

(3) g EBT

AL 2 ) 1 ZAT S5 2 SRR AT T oRAE, DA S 4 ot 30 i B e . L 3
Fe Xt R X AT I A R AT, W R IR B oA TR B & A A
AL Z I ] 1 BRI = A5 — R BRARARFAE B 1 2 (B RS b IR BB IR i
TORAMEI AR, SETMREARNZ AR RE T R BI NN, RIS H AR ML E
BUABUR. RS TR REE S, HR ARV T RS AR AL O B 22 [ AR

JrEE,

6| 4 Max Pooling Average Pooling 23183

(3,] N &~

w o o o

3
3
1
8

~3
o™
N NN (=]

6

By LG
- ‘ S
| >4 1
T~ ==Y 1
1 B Sl T
i o B i i PN
: L] 10 Min Pooling
S i ==y
I S
"1 q 11
\
: 1

5
C1)*1+ 0%0 +1%2 ; 3] N
+(-1)*5+ 0*4 + 1*2 e s B I
+(-1)*3 + 0%4 +1*5 L il
=0 “ output
2.8 ERREEREE 2.9 M REE

(4) AHEgER

AR S ) AT S R A4 I A B R R E Y JR) AR A B I I (o £ ik R 1Y
K1g . BRI 2 R GEFAATE BORRHE B BT R — N — 4 &, SRS B 4E M
PTG, e IR A R T 2

(5) )=

i 2 1) A R R AR AR AT 55 S RN N 246 d 2 25 R L 380 E b R) o o T BB 43 2K i)
L, A O A R B — A R R B 2 AR AR . AR EIBAE SR EIh, Fa 2
HaE A MR R AR
2.4.2 AFNet t&#!

HEBBRBYE RER. BRIRERK. THFEARDSE N, E8E & IG5 #
LRIy B, LR A ET S B, AFNet BB UT M 2 T ix — 2K,
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MRS MR R AR &GRSO
AFNet BUELJE it T B LB 20 L P8 3 B S5 OB B % . ALTE U-

Net WAL E, W/ T 902 SMEESGE, WIn T EER B 2 RIERHE RS
He, 1B R AR =AMEE . W& 2.10 Af7~, AFNet 32 A4S Egmidgs . £ R ERHMER &
ML B RS R AR ARG 8% DU o 2H

3 32 B 2
B A ‘(»I @ 1
ljmg 96

‘j 64 128 4
1-B H-i
| 80 al3

]
J,|psgyi|y3@&ﬂ frBEE N %%5_,

FFAE S Rl

LOon

LS J

FHIE Y H+BN+ReL U by
FFAE AR B+ BN+ReL U b 4
il

1*conv+Sigmoid

BRI

bR

S HABBN

L ]
| 33 | 3=345 1 1 fir B }—»(-ba

FRIE RS PR

2.10 AFNet = BIZE#)

Jo,388 3

(1) AFNet 5 Z i T) g2
(VAZREY-WAL: #:3

O B ST LU AL B S BN BB E A b, R A B R SR I 1S R
AR AR S B o i v ML E 2 R A OG5 R iR i 5 4 R (5 B 45
AR B TR OGTE RR R I H A R RRAE o

% REERHMER SR

i 2.11 R, 2 REFHERSRICR A 2 LR IRERIFT 450, 8 L= EB
HRRS . A SR BRI, AT AR R L R R ERE ). TR IR
PR LS B A S I R S TR A . AR, RS NE B TR I K B
Pro

7

BUREER

BRMAM T i = FECERILE B R, iE SRS REn] LUK E K i E B
BEAT AN, SRXF g A A BTE SUE B S A s R AL LS BT RS, I SE LA R
BT FIHERA 4R TT
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85 & BT AFNet FIE T REE KB &%

3x3Conv . UE
rate=1 E=v3] 4
RE
R *'
| 3x3conv firE
rate=2 EED

BIN

4

RE
R

3x3Conv L fIE
rate=3 Tl EER

2.1 % REHER A B

Horizontal connection
on the same level

Deconvolution

,,,,,,,,,,,,,,,,,,,,,,,,, |
Jump
connection
2.12 BN R EIRREY

(2)  AFNet BiAYfL 3

WP BRAED

AFNet 4k7k | U-Net ] U BZmtd 8-l asaitt, Bef SR AR TR 2%, JE
& TR R BT S . 254G B Rl BUSEURE L 5= KA SIREA, {3 H]
AFNet 1T EUE  EUTES, BEREIRD N THREAT 55 5 R JOF LA S 4

RN R R

AFNet 51 NI =M, B TRUAVE B IUE 25 B TR E BT, f
AL MR IS B R A R Bk TR R 255 A

L=y -y il

AFNet Lt U-Net f)4mfd 25 gm0 — 5, A 2 @ il SOk Kb . ax (45
AFNet 1M SH /L, BORLYIZRT DAREE AR S U, 8 T RN 5 1 %
2.4.3 AFNet HiiESEWE

IGRBARIN 22 N 2% T5 B — B B IOREAS, B B2 10 5 1 50 o5 I 245 1) s 4 I kg
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F RN RS ARE L BT GBSO

(1) FRECHHEEEFEA
i 2.3.3 F AT IR RGBSR IEAT 70, A& HfE 9 KT EIRCR R4F 1Bk &

BAENEIE R 1% 9 SKEBBIF AR 1O s BB EN L 2R . WRHG L,
W T 2RI T AR, A G, gt mess; 2R HERRELE B8+
EREE., SR ROPSEE R A4 R, BB EE 2R TREER, mam.
SEE. WEBE.

2.3.3 JHEHEBE T EIPRH O sKIEMS B H, A0 SH e BRI, BT
Mg EBORIRZEE . NTAEIE 9 KEHR R RIS, RAS I 2.13 P i
RFEA

- ) '.,-;j‘ ’ 'b‘}j- _ : . .

(b) #HAFRBIEEK
[ 2.13 AFNet BB ERIBHEAR

(2) HEEHESE
AR EREAR I 0 FER Ny 2592 X 1700px, X T —RABRMAMET S, BT AR E

15 R R RS MG T AFNet S8 I 25, 0 T 25K A v HANZRIE FE I IR TR s
seAt, BARERPEARERIHED, FEdEENINEBR RS 46 Pl BB E R
AR AL ASCEREREHUEE TS Y se i

-17-



85 & BT AFNet FIE T REE KB &%
Zo M, IZREEME RN 256 X 256px I, BERE IR B R EE 70 MR RHIE, (R I BEAL )

IR FE 5 73 EH FE AR AR FFEBLE KT o B SR I B o kil MR B LIE B 128 /N IX 8k,
SEARHCH 1152 MRS MR H, MO R HERD BRI A7 B BRI 1152 AN G
e, JLFEM AN 2.14 BB 2441 AFNet 208545 o BENLIEHUIL 1 80% H T HEALYIZE,
Pl 20%H T30k .

(a) BKLEIGHER (b) #WHEE/GHER
2.14 AFNet )12 558 ERE A

2.4.4 AFNet #5831

(1 YRR

AL S HE SR T PyTorch HEATFF & - BRI 5 BT H () HLAK T &y CPU: AMD Ryzen
7 5800H with Radeon Graphics; P f7: 16GB; GPU: NVIDIA GeForce RTX 3060 Laptop GPU;;
BAERS: 64 AL Windowsl1.

(2) NS E

Yg5% (Epochs)

— > Epoch F/RAR A 58 B3k [ — IR BRI 2R 72, 2> Epoch 7] DLLEARAY fg 52 2%
JINGEHIE I B LMASEL . Epoch /DL FEEMRE, TE22RIINE.

AIETLYIZRE) Epochs BN 100, BEAh, INZRrh 5] NFASHLH], ZIRUEERHER 2%
4 SR LT, IR, B ERALE G
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KA (Batch)

f—> Epoch 1, BLBREAR T N2 DMK I AT ZR, Batch /R
NHIREA S B  BOK K Batch IR ISk, {57 ZHOKHI N A7 AR AL RE T AT BE < T B
B/ Batch, RIS SRR A BE T MBI ZRiE RS

Lia BRI ZE B 52 A BE 10, A ORI R Batch X E N 8.

%3 & (Learning Rate)

A RER RS HOEH AN E, RERBSEAERR Epoch R IE 45 2% A 5 1
Va1 KR ) B FEONGIUR R, RIS /N7 ) R R BRI 252218
IR 1 EUNGE 54/

LN, ASCERNGRI IR ] B E N 0.0002, Lib#sisE Adam.

(30 AT %

£ N

Kk R R FH T AR R NG 5 S 2 () Z2 B A . BYIE I fe /KA 2K R B
KM SH . AFUEF R —BCR AR R R 8. BUGR 2 BT H2E TR R I
o328, Bl SO 2 A U (Cross-Entropy) 52 BRE . AN Rkt UG AE A
MR R T L2 7R, %8 51N Dice 5k R4

A XM R A X

N
L= _zyi log(y,) (2.4)
i1

N R, v NESEARES, PO RN 2 . <8 S0 iy 5 1 2 O A 2 90 A7 T
HEDMPIZET, ZaoR, PURME L, 8K,
Dice it H AN
L = 22 5, (2.5)

o=1-
Dice Z)»}[_'_Zyi_i_g
VONESERRRE, ORI TR, & AW/ INVE S BiE B8 . Dice ik )2

T X SR X B, BRI, SR Ly, B,

BRA R RO DLZR S IR B R R AL 35, omAh MR BB A 2 . 2 5
Dice FJEEE M, BETT LA ORI FUI 25 R 1B R O uEmRPE,  SRESRTT H A X 38 B A4 UL
PO o KA 10 0k el Bt S s F
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L

total

=0.5L,, +0.5L, (2.6)

FARPER

) A AR ] TR SR h A AR S 2] 3, w] DU PSR I Zrile Shos 2 530 5E
P, o my DU A S R A A A G L R P AR A A

A SCAE RSN 2545 F 43 5%3B K (Cosine Annealing) 22> RIFEE %, 1Z A 8100 FE
HIE R LR E 2, BARAXaT

h;:lgm-ké(hhm-—hﬁnX1+coﬂz%£» 2.7

I ARSI, e RRNESIR, g ARSI, VMRS, T

N—AJIRLEER RS . ASHSHOEN: . =0.000001, I =0.0002, T=15.

(4) IZRER
BRALYIGR 1 25 %8, 5 25 fefk RS AL, SRR R 20 Rl ZR4i R .

nlE 2.15, WLAVIGAER IR R ML, T8NIIFSERUR R LR, BHRRINIZEREL,
PIMARRII KRN IR 5L, P MR E F AR S 5 ST R, AR ELE I
PR RIS 0.3 LN, BT 0.2950 247 . KBHIR, WA FI5 5 RAA B/
FE), LB TR,

Loss Curve
0.5
0.49
0.48
0.47
0.46
0.45

044 EREIRER:

0.43 v = .
o BT SR

0.41

0.4
0.39
0.38
0.37
0.36
0.35
0.34
0.33
0.32
0.31

0.3
0.29

Loss

PR B, PP —

o 1 2 3 4 S5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Epoch

2.15 RENNZGI IR IRE ML

WK 2.16, W& NNGERERF (Accuary) HIZE, L NIGIEEREMRIIZ, FEA
ISUFEERZ R EE (Intersection over Union, IoU) M2k, BEHACERINZRECE, DA RHER R
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B RS R RS AR Bl B8 (B0
KA. gia B 2.15 T4, IZREE SRR HER R IE & B 8RR T REm ETb. &%, #E

BRI T 99.50%, ToU W8T 99.58%. R ZAH Ok R R, TLUH T HE
B

iR RS s MNEWEE

Accuracy = I[P+ TN (2.8)

TP+TN + FP+ FN
TP (True Positive) NIEHIFNNIESMEE, TN (True Negative) JyIEHf TGN A 67

Kn4E, FP (False Positive) NHARFHIRAHIERIIEE, FN (Flase Negative) N
IR R A N R
AL I b B A A S5 I X RS B X E AR, Ht B A

|PNG|
IoU=———+
T IpUG

P ORI X35, G 9 H AR SEIX 45k

(2.9)

Accuracy Curve

0.99

0.98

0.97

0.96

£ o095
= N e .
T . NGEERE —
g o A
3 PR ATRE —
s} N s .
g 093 gl o o
092
091
09
0.89
0.88
0o 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Epoch

2.16 RAN)IZNI 2 ERRIL

2.4.5 AFNet {58ISE|4ER
(D) DERE

K& SRR I & 2.17 Pios, B OTHEN, 55— 1T 8D IRAAR, R 2B A R
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/\-lr,_‘

= AT AFNet FI R8T RS B0 F5E

ELSIED

ERE it T

25692x1700 3072x2048

EaEsl
6x1280x1280

HEEIR
2592x1700

Y

MSIEHRLIE
25921700

1 1
4096x3072 2592x1700

EIORBIH SR
6x1280%1280

Y

DEIER
2592x1700

A 4
EEOREL]

!
4096x3072 6x1024x1024

@

! l
6x1280%1280 3072x2048

217 SKiEEGR 2 EIRE

(2) AN
H 0 GBS ZEARST, AE SR ERREE . b RSN R, X

S PR 2RO R ) B 28 A BIRICR 7= AR R RS o e A, R G LA I BS R RGB {EAR. =

FERL RGB . 5t RGB 7EH1 [A] Va [ AR . anf&] 2.18 5181 2.19 Fros, ASCIR ¥ [ -1

BIse e, SRR 3 Y i v R S X B X R L RS, DAkt 1 e R ) 4 B RBUR
1 A ek 5 A 2

s=cr’ (2.10)
s ARG MG RME OF—4), rARANGRE (3—W), y IMSEHET, ¢ hHE
. AXFe=1, ye[0.7,

- ; . *
a a
. < & a . &

(a) FEEXILLE 20.0 (D)TEHREXEE237 (o) FEEXLLE 84  (d) THREXLLE 8.6
2.18 MBS EHRATRKIE BRI

1.3]-

(a) (b) (c) (d)

2.19 B EHATE BRI



F RN RS ARE L BT GBSO

(3)  HB5r Pl skng

AR SCAE TSR AT Bk 0 BSR4 HE 2R R 2592 X 1700px, B30 F RS R J 0 25 5 S 3
FRl o R, RSO RS R BB U N 2 A NE e, FFIEASTION FPFRR R JER R
SR/ AR E 221 (a) BN, B P B E I N

KR HD 245 BB S LA S ASE TR [ 32 57 1A) PR o) < i RSB 2R S0 HR B R, XA R ) R
TRASB T UGBS HI, T 8RN SFB A B R, A EE P
misens, AR mE 221 (b fiw.

i 2.20 (a) Px, BmEXIER Y ARG RXE, 7705 EIRRS N 4096 X 3072px:
SGOXI G ~ G, & BhsEGE, R R/ANA 1024 X1024px; X ~ 7, R EHE X,
HERTKe=128px, G XIR+A0IT 20 6 X e 55 H AP B T B B R ~ Ry (K]
A EZRH R2v Ry Re)s BIG +r =R, oI 1280X 1280px. U114 2.19 (b) Fi7n, R, ~ R
O TRIIRIT R ~ R, WG ~ G, FHEPHER G, W OIXIR Bl & sy E4: R,

(4) R

I 2.22 Ar L, SFFREREIYGSEEIR () ~ (D, 5587755 AFNet #711
BEA R SHFAAERETIERE EG (o) ~ (h), f£505E1 575 2R3, i AFNet
TR SR REORFF I i (0 0 TUVEE R 22 o RS R PTAS, SO FH 25 T+ AFNet BEARL ) 5 %
H AL EUR 5 BITE, A — @R AR T 260 7 (A R i+ K -means 528 I AR 4% Gk
BB 53 &1 751

(a) SiLEREB S (b) FUMEERETRHHHEF IR
[l 2.20 EE 5T HRIUN SRS
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85 & AT AFNet IR SEEEBE7E

O v n @ P .
. .
I . 5
i
Ve 8 « v e '
o= N & .
o ‘ .
; . .
» .. Pt
P ‘ §
-.’ ".. ‘a ‘ '.

(a) HESR (b) ERMESDRIUNHKM
2.21 EBSRIUNRBMILAIEIIEE

i e

L I A AT j;‘:f |
N ' 111‘ o Ji . ¥,- , !fi- f
! ' g A
l‘, 4 ‘ | ".}in : e
4o, o o Ll 4}1 j' S f, | j# |
§ S B ENRIG L , M*I
(a) 1-3-3 (b) 9-1-23 (c) 19-2-69 (d) 40-1-117

222 RGP EISE (F25861T) 5 AFNet (B3 5% 717) MO EIRRXILL
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F RN RS ARE L BT GBSO

s .':.,' o ; At
. ."..-' e e
;.- = : '. '.‘ ._'.':._"
- " . .. >. ) . . " “
.
]
(e) 6-1-17 (f) 11-1-31 (g) 21-3-73 (h) 49-4-148

2.22 55 EIEE (52558 61T) 5AFNet (B35%F 717) BIPEIRIIEL (8D

2.5 INE

ARTEE e ARSI T s B R SR BRI B R isss BlJA ek
W BER N T B e B I BB F5 % Se R A U E+K -means JESE[If4E G200
FUNEAR R B EA - IR, AT PkE B A ARYER 9 R ER S5 x R A
IR B AFNet Edls SRR, 285 M2 8008 56 9F R H — R AT ZRA0 AL 5 i3k 45 B i
AFNet #7,  f5Ja (5 A 40 B A2 46 5 B B 70 BRI S 3047 58 BE MR B4R 1

i A AFNet #AEE EBRE IR K BTG IR b, —R—%IE 7 A
gt oy BT AR 2 AFNet B S 1AM ATVE S0 Rk, 52 UEW] 7 st ) “ 2§ AFNet
RPERIE BB 0 0757 MRG0 BUNERJUMYE, =RER 7 AREIANA R
S HERE
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F=Z EF DBSCAN 5 YOLOvV12 BIEERIIB R /5 3%

3.1 3§

PR RSB TR K S N T R LV B 5 KT, T T 0 Y R 4 L
TR TR TG, SRR N SR 72 () Bk TR P AR K 2 57, SO S A
AR PE . BEXT DL RS, ACSCEESS B AFNet MU () 40 #1145 FIERYE |-, 42 H—Fh{d
F DBSCAN i1 YOLO $li 4 ik, KRB N ThRES 5. B, %%
R4 ZE YOLOVI2 B, 458 —ANREIX 23 H B 5 e i) B b P A

FIFIDBSCAN{ZEEYOLOMIZEE
--------------- HFRAEYOLOVI BRI R

AFNetmEIER —— > DBSCANEfIX sy — #SAmIER —>  YOLOXHES YOLOV1 212841l 4k

_____________________________

5
g
]
T
m

m
L
<
Q
[
@]
<
&

t
frd
B
dr
B
&
il
o
‘g’E

=== FIBSIEYOLOV 2488 - o=
THE RS R ER SIHRRIX 2

& 3.1 KEFZAEERIZ

3.2 DBSCAN ZfIX 4%

BEAT BERL 0 AT 201, 75 A B8 o [X o R AN TR] ) A 5 i Jfe X3, SRATAS A RS2 461
SRS UN IS TN VR L s LG ESINE R VISR E/oE SR S piE G 1:0): SIS E N D)5
e .

3.2.1 DBSCAN BEEREHE

DBSCANI8! (Density-Based Spatial Clustering of Applications with Noise) #&—Ff3& T2
FERIRERR . BRERFFREN MBI, BT RESENSEE, SRR S Hir
FLEME . SRR EIARIAZ O AR B A B AT R E S, B
XXy i, AR B X B AR

(1) BFIEMHRM S

& 4Rk
T HEBERAET, MTEEES p, Hoe ABlEE U Bl p At BN e BN BT

B IR
N,(p) ={q & D|distance(p,q) < &} (3.1)
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= T DBSCAN 5 YOLOVI2 BRI A 7%
D N HEEE, distance(p,q) NEHE S p SEHE S g < HWEEE, — AR ES .

BOR. UHRERER
EHAE S p 1 e SBIMA, BAMEH MinPts (B/MFEED A sl CEFEEEE S pO, T

PR p A% R
|V, (p)| = MinPts (3.2)
L EAE R g AL T HAZ 0 B & AN Ho AT g 1 € 2R3N 18 i iE /T MinPts 4,
MIFR s g AT TR
BEA AL, WAETAE 10 5 e AR i, FRONMERFS .

FEEB. BEABSEEME
HRE R g BB R p B e AR, BAEUE A p % s, MIFREHE g v T4

Yo p BREEL, R

N.
{qe (p) (33

|N,(p)| = MinPts
XF T 5 p FIBHE g, BAE—RIWE O pL,pys - 0y WD =D P, =q>
H¥O i p,, "THZ G R p, BEEEIE, WIFREE S g HEdE 5 p B EIA,
AR 5 0, EAFEE £ p FIEHR A g #RME 5 0 B TTIE, AR & p A%
5 q B EAHIE

(2) HikJH

ikl 3.2 s, DBSCAN BUARIBEA I : MER RGO KAVHIE m p U6, IR
A U & I (Eps AMIEEAR) AT MinPts A, WREHE £ p — MO
ROIFRSL B ARG IRENZL R p BT B AL, R IR LR ROA AR O R p BT
k. BE LRI, ERPTH RO R B BTAE R .

Wik 3.3 s, EEERE DN, RN R, SO RONIAT R LG SO,
o JA B B AR 1% & AR, REMBIRRR. 1 p N0, 3 AR 80
ROKT AT MinPtss w1 p, MU p NIAF R P SUISAERR G R & B3R, AH A A & 403K
A SR/ T MinPtss i p, v ps NBRFS, PRI B & A0 O iR T
MinPts H ¥ SIS AAEATEARL O mi i) & RN . SRR AR D R M A L RIG 2 M A%, B
B C R C, .
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BNEUEERD,
Eps, Minpts

_________________________ 1
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