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Abstract

At present, the main method for features detection of submerged bubbles is Digital image
processing of bubbles images photoed by high speed camera. In this paper, we develop a bubbles
segmentation algorithm based on improved watershed algorithm as well as an algorithm for bub-
bles features detection based on regional growth method, which solves the segmentation and fea-
tures detection for adhesive and overlap bubbles for the bubbles image photoed by high speed cam-
era with oblique-upper irradiation. It is more accurate to detect the features of bubbles than tradi-
tional threshold segmentation. The algorithm in this paper also eliminates ultra-segmentation of
classical watershed algorithm caused by noise and uneven brightness of bubbles.
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Figure 2. Schematic diagram of the simulated flooding principle
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Figure 3. Schematic diagram of simulated precipitation method
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Figure 4. Original bubble image and traditional watershed segmentation; (a) Original bubbles image, (b) Traditional wa-
tershed segmentation
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Figure 5. Schematic diagram of keep edge filter
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Figure 6. Result of each step of improved watershed segmentation; (a) Bubble group image before filter, (b) Bubble group

image after filter, (c) Bubble group image after equalization, (d) Bubble group image after reconstruction, (e) Foreground
mark, (f) Background mark, (g) Gradient amplitude image, (h) Result of improved watershed segmentation

E 6. MitNKIRDEIBEEELRER; () KA BEEEIR, b) BKESEEEE, (o) HELESEEER,
(d) ERESEHER, (o) BIRMFC, () BRIFC, (0) BEBREERIR, (h) SRS KIRSEIL

DOI: 10.12677/jisp.2019.83025 198 EUR 515 5 Ak B


https://doi.org/10.12677/jisp.2019.83025

B 5

2) KM

NTHRKERESE SR, S9Mmes, [RL0 R, X IBIEUE 1K AR AT KB
B EE, B R HIK Y e 25 0~255 JulH o K MR S5 3 10 2K 5 A8 i HR X (1) WS BT RO R A, ot
SNSRI FEARL AR KN, H R 2338 KR FE IR LU RE o A B2 ¥ A i Jis (¥ M5 <] 6(c) s

fo (X, Y)z

f(xy)= max( £ (% y)z)

x 255 1)

3) FRILHTFAT G

N T B 5] B A ), ORI X AT B, e B R AT S E R (R R)E T AR .
BRI EG P  JRER s Xk, DR T A 2K RE A R 1 SR A KA B T R T S brd . MR
HR )k B W 7R A T g e b, [RIINESEAR B T2 B (R 3 21 25 5 3 85U — AN SIS I HE 224 e i i KA
R E R ARG AT B R R S5 A4 E A (0 I R, o R A A 1 T A R S A (R
BT, BRSSP TN ERME TN ER, WERENEGRM, EEEaEdEE
B 6(d)FTR, AR E &0 LIS SRS, SRR E R BT B P AR I Al S DA K
BIMG R S , EREAN SN SR QIR K RE I B A KA, A O TR s Xk, e 48 R I = s d Kk
(B M7 R R R B SR

1F 5 5 F S R ARG I S5 3B die AR, AR HH ) e i e KM R A A MR, X e AT A 2 1
B, DK R s KA 2 IRV AR B o e b, 33— B A28 R — AN SRS D 2 A S e KA A 1 0L
B P25 2 S0 ol B VR TS B 10 S I A T S BRI A b R, 753 B & 1 R i i K B AR i 45
o & 6(e) A A I KA PG B I 2 SR R g bt 1B, T 388 3o e i e A A AT A A bR i BT SR AT

4) FridE =X R

50 GOt A2 UG BRI AN B XK, A RHER B RT SRS A RTIR T, AT B Shric R
T H AR R0 %%, AT LGS TS SRR SRR Y DR O bR i . ASCAR F Canny 310G I 2 e R
JE B BUG AT IR, TS S AR E K IR R0 o e SR, 1236 PR HE A kAT LIRS 7
33— AN XIS 1 SIX X BT R i) B R, X A R AT B B A e, AR S BRI 43K
W 2B AE TS Sebric, T AT SRS SbRic L, 6T Sthric BN ) ik —EEE b, s 6(f).

5) 4rKiI& 5

Gy 7RUA B — A ot L PR PO o0 UGB AT 231, T P PR 1 R d /M e S < M T P # (g
JR B EAR o N T 7 B B M 7 A 1 S S B M RS i oy B A R, R AT SRR S T SR C B R
TR, (R G AL BT SR C A AR IC A A Z R AT SR B i /MEL, 8 25U (86 15 1 1 P
B 6(0). XSS BB R E EUREEAT 43 KU 2 BB B BIEIR, N T 56IE IR 5 B SEL
e, ¥ o0 B A S R S N R R R R b, 6 10 S SR R S S v & B i e(h),
AL EC P 4(0) AR B 43 KA SV 20 B4 SR AR SCHIE 7 (0 500 43 /KU 43 0 S0 e i b e 17 3k FE 4 38 i
R, RS R T S = 41 TR A T B K R ML B RIG T ).

4. SRR

XAIEEE R RAT A BS T DU 53 %145 ST SR EE A RS A0 BARRER I T . 14 6(e)
S B ST ThRIE, SitbRic BUR AR R IE I HE, HT 19 BRGSO R, 14 6(e)
AR EE 286 .

AR SR 3 T 0 S ) DX AR R SR S RS A A AT ARSI o 2 a0 SR DX el A A AR Y
FEGF KU S ENFR B R UG, R XIE A FR i — DB R, AR SCEBUIF TR 2 8T 5obr

DOI: 10.12677/jisp.2019.83025 199 EIE 555 A #


https://doi.org/10.12677/jisp.2019.83025

BEH 5

RGP R REE R ER —MER, WA T A ] B R At s g i A
BB R KA, BEYRALRL S OIE, SER B TR A B S RS A, 1%
IR R AN TGERE R RN SRS IR T A F AR AL Som R, WA AL 10 5
XA K B SRR R B4R, WK 7 s, ARE)IFE ARSI R ES, AR
MISEREAR, NIRRT

= @

Figure 7. Segmentation result of boundary-based region growing algorithm
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Figure 8. Bubble group size distribution
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