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Segmentation of wood cross-section pores based on improved
K-means clustering and watershed
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Abstract: [Objective] Pore is one of the important characteristics of wood identification. Aiming at the
problems of poor robustness of pore segmentation due to random distribution and different sizes of pores and
the impact of noise such as wood fiber, wood ray and axial parenchyma on the segmentation effect of pores, this
study attempts to propose an improved K-means clustering and watershed algorithm for segmentation of wood
cross-section pores. [Method] The improved K-means clustering was used to segment the pore area, which
could distinguish the pore area from noise areas such as wood fiber, wood ray and axial parenchyma. Then, an
improved watershed algorithm was used to segment the rough segmentation results, and the segmented pores
were basically consistent with the actual pores. [Result] On average, 97.1% of the pores were segmented in
each microscopic image of wood cross section. Compared with other algorithms, the improved algorithm had a
significantly improved segmentation effect, high robustness and good segmentation performance in the process
of pore segmentation with different sizes and random distribution. [Conclusion] This algorithm can effectively

solve the problems of noise impact and randomness of initial clustering center in traditional K-means clustering
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algorithm in image segmentation, and lays a solid foundation for the feature extraction and quantitative analysis
of hardwood pores. [Ch, 7 fig. 1 tab. 16 ref.]

Key words: K-means clustering; watershed algorithm; pore; image segmentation

W A R GO B R AL ARITE L AR REE . REF e R BE A SUG A, A LI AR B
FR L E RAEZ — 0 B ALASUR T i AR R b RS R AE S PR IUIR S BT EERY, R e
BE— Ml DX AR AR A K AR A AR S B HCHE™ . A8 AL 0 23 R BIOW A A T8 1R rh S BB AL
R FLEAT AR AR A 8 SR A B 2D RO, IR, O A G b B A FL 23 A B B E S
SCo MSBARSR N T LRI RE B EA BAIE S L KRR . HARs A FOK-F 20 5k i
SOV Yoz 2 s LSk st o R TP R M AL, (A LA S LA LA B T o, TR
S il ) T BE 2 2 23 (R R A4S FL— R Bl R o o YRR ss RS KPR, DURAR K
I EIEAR N GETHE B, R A L IR S XA LR, Rk BRI T R o e, (L 3R
TR AGERIIE], — R — AR R ARG, 5 — o IR NS A FLAR L AR 2T 4
A, AR E SRS T R AL S R BeA B S22 FE A ALt T ), Ak v e TR GY
LA LT AE A SV 20, (EI L T IR G A0 20k, B/ I FLBC S MR L BRSO BRI
LR AU . SHEN A58 58 i Al P & DX Sk i) 7 B T B Rl B S/ e R, I iz B2
EXEALIER T &, AHIE SR 2 B LI 7, KRALERIIAITE DL o T AR R A T O0L PR 15 b 4 LI Ak
Z | WSS BRI, LT A 1i) i RE 4 U g it 22 B — AR RIS ALIR i x4 Lt
Fror BB RME . 28 ERTE, SO PG A8 AL I 20 IR H R AT PG e s . ASBIFSEdR T
— Pt K-means RS20 7KIQ B bR B S AL B3k, BRI FLI 2 . DR MRS 5 BR 41
AR 733 A FLIX

1 HAES5 7%

1.1 HEHERIR

H A ZR KB 2 (https://db.ffpri.go.jp/WoodDB/JWDB/home.php). %40 #i FE B T 1928 4, BLA A
PR 29 000 475, )& 270 B 2 050 J& 8 500 5 PIAHRAL) 90 000 S, AT HIZI A F
KL Acer amoenum(15 WiEAR) . 221k Bl A. argutum(5 W), A0ARMR A. capillipes(4 ). 2% 55tk A.
ginnala(1 W), MK A. morifolium3 W), TR 4. nikoense(3 W), H AW A. nipponicum(5 W), FE i &
Wk A. sicholdianum(24 Wi). & H¢ Bk A. ukurunduense(6 Wi ). I ik B A. rufinerve(25 M1 ). T M fk A4.
tenuifolium(3 W) FIM RN Actinidia rufa(7 M)
1.2 Mi#H K-means BRE L

1R GE 1Y) K-means FEAT 15 DLBE B AR ARIVE RO IRAN T b5, BEAC SEUARUE 42 BRI BB A SR AN [T 1Y
e, WO RLEE BT, ARRLEERNEOR, DS R BT AR RS AR, AL SE K-means RS
PG FEAWL ) RGB B AFEZS ], MR H I R, BESITHER I H Ak R By R &1, BR3Eh
ORI B 2R80R , JUHE YR PO R BT T LS, A LI o
RIS RS o Ak, TR RIS RBERLAE B, T BB 2 B A A — SR alofs AR 2 2 il ) v
HAPREA TR, T, ST RL RS T Rk s, SE RSSO HaE e, 7E RGB
R 7S [B] T HEBOR A AR M O EHR 1) =Sl 18 40 1. A5G ARM BRI, GEASTE AR A R S 4 IX St
AR, RN, A LUHOO B (R A/ N I fE R X A8 L IXRE (i, B iR, Arkh
ST I B 1 205 R R WA (L RS 0 DX 1) 9 20 MUK 21 4 I (B o P38, BB TR # Z
(], JT A 07 R 0 22 ] A 30 4 BRI X3, 43 S 3 S0 i R B (E AL RS 1 v i, ARFR B By A
WA BRI DI, 2 s A S Tl ) VR SRR SR 4 I e 2 bty s il D) Sl Sy, X TR T4 A¥ME
1T BT EAE RS 2 A sl BT IZ s M EAERR, B IO s E R LIRS Tl /D


https://db.ffpri.go.jp/WoodDB/JWDB/home.php
https://db.ffpri.go.jp/WoodDB/JWDB/home.php

5539 5 1 1] P2 45 JET Rt K-means S35 73K I (AR R4 T A5 L 2331 175

T4 A PE R T A BB A2 3 D, Tz B RN, BT R A KA TR G
XA L, o R By P PG (R AT X BOETE M A M, M€ (r, g, b), X, AbH)
BUEAEN 1,, 0<I<255. THARAEE D EIEM;, KEMKTES M, Rl M,, Meidan F£RHH
PRECH A FPEL PR AR

1
M;= %;I,,; (D
M; = Meidan (0, M ,); (2
M, = Meidan (M}, 255) . (3
AR PG 25 2 200 53 % L 1 P 65 AP B 945t — 2 B URR Ay i vl i, PRI 3 A s

R, iz K-means BB FLAHL 205
1.3 BB KIS E %

K K-means SEASTIE RRUS K A TIOWL 5 rb (8 FL IX R S5 DX DX A3 I, (E 2 ) 0 C i J3E 2
SN, X ATRES RET KIS AR B E . A T BN L XSS T S XS B e e 25 5, 4K
U AR A A E A 3 TR P WA AR A I S IR, S A R S BAS LG 43 1, i BRI 45 Ul AR M il
WEMR AT 3 KB gt 25 1 2% ) i R 20 21 40 iR RN 27 2 XA T2t dmbty, 25 2 248l X Sl
radEsmiy, 5 3 RAERKRHARNL XTI g, &5, B R EAER 37K I AR $ ST A £

ks 48,
1.4 %?Lﬁ%ﬂ ” @cmﬁéﬁﬁﬁwm@%)
o 2 BUA R T OV R (R FL 43, A
AT (P 1): (D4R BOR b R AT O0R P 1 1o f :
RGB 44+t 3425 65, T 7Pl s MU ACH BRI 2 YO RGB 73 SRR RIPAE FL 7
U 3 2% ELERDC B, BN o B ORI 2P 2 l
L. AR RAGL, e RBEWIE P08 OR T B 7 BRI R DI
19 26 55 2K T 4 2 I A R B ol “
et I ot R R, AR —EON 4k Sk w AR R BE B R
R, —BOWAT T —25; @45 i 3 28X ik 2 !
TGRS s OIJR I o I 245 S 2 B 1T BB /)N ; B
M B TS KRS S AL 2
1.5 I&iF = =
DA LT H-ARURS 3 TP (997x1 418) Jy ], K5 A
BRFCE MBI B0k (B4 %) . 497Ki% | K-means o ek
5 e 5 B (14 1) 09 50 BV ROCR AT X M . 9L
IR ILAT RO B (F) F B0 4 B M R 1 D ST
SRR £ |
p i, » S st
| |
1 ¢ 537K A 4 535 AL
F=-) P (5)
n i=1
R (@) T, e A R I L S 43 30 3 ity AR
B, N FoREIRER P ELEE, P AR KA B 1 ik K-means 5 2K 5 ik a s

'T% E"J % }L ﬁ iﬁ é?}‘ %U % s E /E W\%& n E/‘J E:z {E j‘j 101, Figure 1 Improved K-means and watershed algorithm flow



176 LA 3 Nl N =+ 20224E2 H 20 H

ien, FRRTFEAYITHIE,
2 HER G
21 HiEZHM

BEALERE 3 Fh AM O RS R & (8] 2). 78 RGB {6 %225 [6] R $ BUR (0 AR b4 SO0 152 16 =3 38 49
i (8 3). WTRAEH 3 N0 2 AT NN, Horp 2 Mg A FLIX B A K . K
SR DX, I A A R [ Ve RE 2 SRR £ 4 X I

IR UATH AN FEPAER
e A AT IR R SR AR S R, S B A B BRI F 2p ARET i 2 431

B2 AMAaRERE

Figure 2 Original cross-section of wood
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Figure 3 Color histogram of A. rufinerve
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Figure 4 Rough segmentation results of pores
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Figure 6 Fine segmentation results of pores
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Figure 7 Segmentation effect diagram of each algorithm
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