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Adaptive Mean Shift Based Image Smoothing and Segmentation
WANG Yan! SUN Yi!
Abstract Bandwidths and weights of sampling points are two key points in mean shift based image smoothing and

segmentation. Bandwidths indicate spatial bandwidths and range bandwidths. Adaptive spatial bandwidths are defined
according to color distribution of the image. Then, adaptive range bandwidths are obtained by minimizing the local
variance function and maximizing the frequency structural similarity function. Additionally, weights of sampling points
are defined to overcome over smoothness. Experimental results prove that the correct segmented regions are obtained by

using the proposed bandwidths and weights.
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Fig.1 The illustration of calculating spatial bandwidth

2.3 BHEBENEEFER

FEIE HIK (1) X BB EEAT I I, (RS 58 2
NS, AR O I E AT R 4

B o MR- R 0 % bR LN E PR VAR 0 MK (B B 7oL
Pk, ORI HARA L 1, BCH % & 2R
ARSI, RIS BRI s2. A, AR SOR: B85
ROV IR I AR P ] AN e ioR 9B i 2 2 S O
BEHAE T AR WS, O 1 SRR EPE,
ARG Wang 451) 42 H K S5 AL (ssim) IF
HZ 2 500 ST U g R AR UL, 4l T4
SCRTR S (RIS 5 R AT R 2

FSSIM = [I(Iy, 1,)]%[c(Io, 1)]"[s# (1o, 1)) (7)
2unur, + G

(1o, 1) = 8

(0 d) U%O‘{'u%d“'ol ()
20’1 or +Cg

c(ly,Iy) = —>—2—- 9

(To, Ia) o2 + 03 +Cy (9)
C

sp(Io, 1) = Orr, + O3 (10)

0py0r, +Cs

e, Iy R I 5390 2 2% BB R ELENR, 1(1o, 1a),
C(Io,fd) *l] SF(Io,Id) 67\%”7‘3 Io *l] Id Eg%fﬁlzliﬁx
XYL R A E R EPR L. o« > 0, 6> 0 My >0
530k Z(IO;Id)ac(Ioald) A SF(IOaId) E‘J*ﬂi, Ugy,
wr, 73R Iy B Iq WM, o4,, 01, 73918 To A1 1,
MIbRHEZ, 011, A To M Iy IWT5 22, Cy, Cy A1 Cs
FEN T B 1M Gy BRI FR ) 7 AR AR e I T
WL Fo, Fy 209000 To A Ig BB HUAR 55 AR 4 ]
.

MRS B, AR SEOKR, IR R B
ey, AR JBE R - TE f P A E DUBTR SR LI 5, AT
RTINS BRI, P R TR S IS AN T
T FR) ) 1) PGB - 8, T AT IEIMG T7 2E R4
KUZR -1 R L, BT ZE 80N R 1  1 BERLT
2) EIGPHE I RIS N2 AT S AR ARy s, RIOR
HESFH R AN R, W] Lhas P G S R G B B
VR 4 25 e AL JE R AIE AR 1 2R O R 8, R 4
PR RN MR R L™ . BRI 5
K, BB R BBk s, B T5 2280, T~
85 AR G B RS S5 R AR UL st 2B A, BRI, £
EIGC I I R, N AL R 5 22 ] fig /D i [
PR 45 R AL IS T BER. AR SO H 8 T X
PITT TN 2, JESL T 4R WA H bR R 2L

> (@ —m(w)?

Fy(w) = e(w) = =2 (11)

Fy(w) = FSSIM (I, I,) (12)

(1) 1 e(w) RaRFERIITT 2, o IKFERB
FH, n AR AR, T(w) KA RUME, sl
(13) Prow:




1640 H ]|

36 &

=3 {1

T(w) = Zw (13)

PG b, RS EOR, BB, BT
ZElkN, BRI T7 25 DM R E b nT DL R AR AR 8y
TERERUE . 3 (12) T, Fy(w) FRoanas i g
P G5 SRS BRI A A R ARABLRE, Ty RoRTF-
WEHME, Iy R s G, ey 5o, BURFi
FREREB R, P B SR P R B e i 22 0K %)
NG () A 45 R ARABL S 3t 25 A DRI, A B T
T RLFE A, A e 0 22 R AT BE /N T G R A
gE R AL BE R T RE K, I fR /M T 22 R AL Fy (w)
R KA S5 R A BLBE BR B Foo (w), £33 — AT
PRI e, DRI, BEIA B USSP R, XEE
TRUFE BRI, ARSCHAT B /MU Fy(w) R KAk
Fy(w) W AR I B AR5 15 S R s s2 56 20 56 e e —
AMEL IR T (48 RVE F [0.01W,, 0.5W,], 12 T
4R 1 710 T R A2 H b eR BB T . AR sk
20, W, BUE R RFE fU5 I a8 22 T 341,
RRUWIT:

n

Z(iﬂz‘ - )

Wia)= = (14

Hodp o Fon 18 ) F.
3 LWHERKEDT

R T IR AR ST 05 43 B T R HE R PR A R,
BEMLIEE T 378 M EHGREAT 5286, H% R A Matlab
TS A S, TGS M AR B, RE I TR 1 2
oS ST BRI SEL 20h: o =
B=~v=10C =3,C,=230,C5 =15. LK N
Fhi: 1) SRAF SR X 45 R sg i 2) (B3 v
55k 5 R AL G R 40 M5 3) FIE Y. Mean shift
LB G By ISR 4) o Bgs RARZ= 0.
TESEHE 1 FSEES 2 hy SRR/ A 100 53 x 140
BEIIEG. AT TEWH B R s g5 R, HoAh sz
BRI K /N R 315 1825 x 400 15 Z A1 400 15 % x
315 BE M ENE.

1) RAFF SUBCE X1 45 5%

AL 8 SURAF sSRCHE bR B 1) BE A SRR SRAF A
(VB 5 4 T3 s B EE A 22 0K BB/, B RA:
AR SR R E RN, DR, B 5 S EY
AR, AT DL Rl BCE G SRR ) A i
55, A v IR OK A 38T 5 5 BURHG B 2k 2111
BAL DN RSO RIME T AL, WK 2 PR,
H B 2(a) AIRE, B 2(b) A REESBERN 1,
B w(x;) = 1, {3564 0.5W, BT 451, K
2 (c) J& R ARSIy kv BAE, {H3H %4 0.5W,

IR EETE

(a) JsinEE

(a) Original images

(b) LR (w(z:) =1)
(b) Smoothing results (w(xz;) = 1)

(c) AICE LMBUET-1E 45 R
(¢) Smoothing results by the proposed weights
2 BUEEX 45 R
Fig.2 The effect of weights on smoothing results

MBI EUR Y, AN ERE, B w(z;) = 1 1,
R 8 LUK, 7 5 i P, 3 8 B
W TR IA SO BB ) i, AT LA S AR R
FE s EASE ], AT G T RS R B SR

2) AE AT 95 15 U A R AR BLRE G AR 0 Hr

MEETE E T, R S0, T B R S
i, ST RS S 2% BB B A R A ADLSE a2
%, A SCR AU M A B 5 BBy Z2 4l Akt ok,
N7 T SR PRI T8 K H b e K, i AT I T
X I (1 A g PR B S IR B AL B 1, 4
b, 5 EESRRAE LU AT I A 2 a) EIBOR AT
AR AU 5 R AL S8 Bt RS 58 19 K /s 1R A2 4k
AL b) A A B T B 2 A A REBERS, ~F
RS E R, B EIEHR. 52, JAl
K ] 5 2 e 98 BEE O 24, 23 IR AN [R] ) (i 1l
550 EG T T Mean shift P, Jf HL2a il T 50
25 R R B Bt Rty 98 PR A2 AL M 26, BEALIZICE 5
i AR R U R AR B AR A £, I 3 s,
H, BEAR BRI R IR AN A IR AEL Sty S8 A8, AR B
(RIEAR Y (IS SR AR BLRE . P LAt BT S ) P
QAT B AU R AR ALLSE I R 327 56 £ 98 T v 9/
RO AL



12 3 2% HiGMN Mean Shift H kIO KUE T 5 BIH L 1641

0.9

207
206

0.4

1 0.9

0.9 o.osg
0.8 .

s 07 = %5

206 20.65

- 05 h 005'2
04 )

0.5

0.3 0.45

0.2 0.4

I 15 2 25 3 35 I 15 2 25 3 35
w w

1 0.

0.85

0.9 0.8

20 50
“ U, “ .

o6 £ 0.65

- 0.6

0.5 0.55

04 0.6

0.55

15 2 25 3 35 15 2 25 3 35
w w

B3 AUt b A B E Bt (i 3ty 5 22 A i 2%
(BB R/INA 100 x 140, Bofr: B3, %A 24)
Fig.3 The changing curves of F'SSIM and range

bandwidth (image size: 100 pixels x 140 pixels,

range bandwidth: 24)

LR, T 0 B AS [R5 6 AR ARLEE % 12 (1) ~F
T R AR G5 0 AR TR 5E 73 A 0.05W,,
0.13W,,, 0.29W,,, ¥ W [t A 35k 25 #4) AH ALLEE 23 0 2k
0.93, 0.75, 0.65 W~ F gk 5, wiE 4 s,
M RT DL 200 R/ IR B 80T 58 0.0,
H AT 25 R AL X N 0.93 1, B8P HE SR A
HIAE, 20 BIE5 07 5 Ik oy B 5. 34 KA 3
w9 (0.13W,), AHJS [k 4 A AHAL B BRI R 0.75
I, ST RS o, v] DLAS B A G 4 1) 3 ) 45 AL
R I 8 AR S IE N R 0.29W, I, FH Y. fr) AR sk 45
FIFBLRE I 0.65, BLIN, i 45 BARAE — & R
FRIAOR, AT 3 3500 1 4 R R AN HE . ARl 378
T PG 1 S 6 45 SR 43 B, Te e S P A A 43 1
JI 3 6 PRI 358t 5 P 0T 7 (1) Ak 4 ) A AL 55 0 A
KT 0.6.

3) HIEMN Mean shift 5% 1 EIG V-3 & 5 &
PN

T W UEA S HiE Y. Mean shift 595 114 21
PE, AL T plug-in® B AL % Mean
shift HEEGFE 501, 3F B2 5 A3 A
&Y. Mean shift S35 1) P-4 o380 85 34T T3 b
AT, WE 5 s, b K5 (a) 2 U EIE,
5(b) 15 (c) 4%/ plug-in MM F Mean shift 5
VLRI S5 AR 45 5 B 5 (d) A5 (e) 43 lie A

A xW, (HIRER: 0.13x W, EIRSH:029x W,
UL FIARBME : 0. 93 STUREEHARIAE : 0. 75 $TURLS HIARTLRE - 0. 65

4 ANIFIATUEE A AR ACUEE T L (R~ B 5 i 4 R
Fig.4 Smoothing results for different F’'SSIM

b.2 0
(b) plug-in B~ Mean shift Hy%TiE4h L

(e) HIEMN Mean shift 5% H4r #1457

(e) Segmenting results of adaptive mean shift algorithm

Kl 5 FI&EN Mean shift HVEMFH Ko 845 R

Fig.5 Smoothing and segmenting results of adaptive

mean shift algorithm



1642 H ]|

36 &

¥ {1

SCEE I A R A El s R KA plug-in B
SRS RARUR G0 1 9 o gk BRSO 22 807 22, A4
TE I35 7 R 22 B /S, 0 I IR B DI 0 A A g /N Y
R ZE R SC R AR, AR AW EE N A, R,
plug-in BN (17 586 W ()~ 1 45 R S IR
P IELGR, 0N A B4 R Sy I Ay ) AR
SR T I R A B B B BRI R TT %
DA K PP A5 I St 1 Al 45 ) AL ARL S AT L 45 ke ke,
BE AT LA 24118 B, ST BASRAS A 6 AR 3 Ry
RUPER R R g5 H X LGB 5 (b) # 5 (d), BB
W E H, B 5 (b) XTI plug-in #E0 T #) Mean
shift BIERFFHESCRHES TR 5 (d) Frar HiE
[ Mean shift 8% 0)-FH 8. AN EE 5 (c) Pr
NI plug-in BN Mean shift 5535 (1) ) %1 45 )1
o RS I S FII S, MK 5 (e) Prasiy AN
Mean shift 5775170 E] 85 RA N &, EAE AR
AR PE. il 5 (a.3) BRI 53, plug-in AL
N Mean shift H3%H 2 #I4R (8 5(c.3)) LT
SR I, A S HIE Y. Mean shift H32:9)
FNGER (K 5 (e.3)) NPREACRAE A 24453 F H ok

h TRk — 28 oy AT AR SCHR B 3E Al B S
plug-in FLW R 27 56 AN E], EE 6 PHR T A
e BT 3 x 3 AR Y B IE Y A 0 B
plug-in BT 7 96 BB, 7T LAER H, A SCHHE R
Bilig KT ia H plug-in IUTHECIR AT 58, H AT 542 4k
AT A, R, A SCHE N Mean shift &
EANE Ty LRV L 4 F R ISR

Kl 6 plug-in BWAT5E 5 HIGEN T 5E
Fig.6 Plug-in bandwidths and adaptive bandwidths

4) o RIE R Rz

FE 3 T L RE o, AN TR D0 5 F 08 S A7
EPO B MO LS. N T g EE
ANEREAZ SCP 3 R 73 B0 22, A SCBLN T3 H1 45
RA bR AEE B, VLAY Mean shift 551 7)
HIA RS bR BaRE, W 7 P, /2T, E
7(a) A&, B 7 (b) M7 (c) 73nh T T
R ISR L ZAEE A, B 7(d) M7 (e) 73
99 hy AR SO O3 B — DR 45 R KL A R,
K7 () Az AE R, RIA SO F 45 R K

7 (e) HARHERRE T (c) MIANE B T %
Z M AXLR:

(15)

Horr, num(I.) R 7 (F) Fs i 53§22 X 3
(KRR, num (1) brAErH1 BB SR = AL

%,

(b) F LHHI4: R

(b) Manual segmentation

(a) 4G

(a) Original image

Y

(c) FIAH —fH

(c) Binary image of manual

(d) ASCordg R
(d) Our segmentation

segmentation

Y

(e) A3l —(HH

(e) Binary image of our

(f) Jrlimz
(f) Segmentation error

segmentation
K 7 Bi&N Mean shift Bik0E %
Fig.7 The errors of adaptive mean shift algorithm

MRAE (15), AR 2 BT TIRZEE,
I HLAESE T P23 0 DX Sk e A B 2 1) (1 LE o, s
M e R B TE 8 K8, 1~6 TEEZE
B ARSCEE 7 B — ARG, AR o
PRI X I X3 ) 35 i MTBIT ol 0 2 ) e A3, 3
B R LB AR 2 B X H S A H
RG] WTULEH, A BB ER =N T
7 %, Sk b, MR ZEIFASBELE XU 2> FIROR K 4F



12 81

F25%: HIEN Mean Shift S35 R BB 5 2> I HIE 1643

5, Wl 7 Bios, Bk ShRHEE GO R AT R K
P AR T R

SrEIXIRH
XS | "% | RAEAHY
i %) idic =41
(1%)
1 6.7 20
2 2.9 15.8
3 1.4 9.4
4 22 27.8
5 53 23
6 5 41

K8 Jraiiies

Fig.8 Segmentation errors

T BEWIAR LRI BT 23350 DA o A 3 L A1 )
W NAE, SO T 2185 R T L
RIE s, i 9 Fros, arBUAE L BIAE H AR S L
#1 0.22 % I, tn] LA 2 IE 6K 2> #1145 K. (21
AESCIR IR, JEAN BT /N B AR A LLEAT IR 2>
F, R B A K/ F bR, 2 HBLR 2 F
O, a9 FRARTEAE A X, SEBR L, ARAEH S —
AN RE 1R LA AT €0 22 R K 55 AN BE LE A 2331 1R /)
H AR .

1.15%

0.13%
R

1.00%

0.22%

SN REE AV FEAE S

Fig.9 Object segmentation of different scales

4 g

AT Mean shift, 5921 T4 A0 73 1 &G
T AR =AN A o A S ot 1) R B R
TR, B TRFE AR, I 5e ik T K R
583 B BB RIS 2) MR B B 5y
A B A& R R T A 98, AE RS B E
DI LN 1R 22 8l 5, i £ B 8 A AT AN R
K XCHCR VRO I A3 30 55 3) K VRO I 45
() 72 WL RE BB 5 AR ALLE, 5 PG g 22 45
oK, LT IEFEAE A 98 (1 H bR ek B, AL BT £
AT G R I AR A o P 4B B A 1 AR LR
AR A A T R PR TR TN R B E A TR

JTiEAE AT A IR B R, R
TR FE R RS R P B B ) el
PRI EEAT WL A ke ok, T 45 245 & AR ARy
PE IR ST A 23 B 25 2R A SO 3 2 AR s ] gt
(¥ FE Y. Mean shift S8 82 (0 B 570 B AN R DX
s, IX DR AN S B A B R, AT RES IE
BRIE AR I H AR A BEAAPE. 15 T — DI AR
SBR[ MR AT X2 8] PR R FR S B H
b INAT 55

References

1 Han H, Sohn K. Automatic illumination and color compen-
sation using mean shift and sigma filter. IEEE Transactions
on Consumer Electronics, 2009, 55(3): 978—986

2 Comaniciu D, Meer P. Mean shift: a robust approach to-
ward feature space analysis. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2002, 24(5): 603—619

3 Tao W B, Jin H, Zhang Y M. Color image segmentation
based on mean shift and normalized cuts. IEEE Transac-
tions on Systems, Man, and Cybernetics, Part B: Cybernet-
ics, 2007, 37(5): 1382—1389

4 Park A, Kim J, Min S, Yun S, Jung K. Graph cuts-based au-
tomatic color image segmentation using mean shift analysis.
In: Proceedings of the Conference on Digital Image Com-
puting: Techniques and Applications. Canberra, Australia:
IEEE, 2008. 564—571

5 Li P F, Wang S R, Jing J F. The segmentation in tex-
tile printing image based on mean shift. In: Proceedings
of the 10th Conference on Computer-Aided Industrial De-
sign and Conceptual Design. Wenzhou, China: IEEE, 2009.
1528—1532

6 Wang Z Y, Boesch R, Waser L, Ginzler C. Mean shift seg-
mentation applied to ADS40 data for automatic forest de-
tection. In: Proceedings of the International Conference on
Information and Automation. Zhuhai, China: IEEE, 2009.
1099—-1103

7 Hong Y P, Yi J Q, Zhao D B. Improved mean shift segmen-
tation approach for natural images. Applied Mathematics
and Computation, 2007, 185(2): 940—952

8 Gondra I, Xu T. Adaptive mean shift-based image seg-
mentation using multiple instance learning. In: Proceedings
of the 3rd International Conference on Digital Information
Management. London, UK: IEEE, 2008. 716—721

9 Zheng L 'Y, Zhang J T, Wang Q Y. Mean-shift-based color
segmentation of images containing green vegetation. Com-
puters and Electronics in Agriculture, 2009, 65(1): 93—98

10 Comaniciu D, Ramesh V, Meer P. The variable bandwidth
mean shift and data-drive scale selection. In: Proceedings
of the 8th International Conference on Computer Vision.
Vancouver, Canada: IEEE, 2001. 438—445



1644 H

Zf)

i 36 &

11 Comaniciu D. An algorithm for data-drive bandwidth selec-
tion. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2003, 25(2): 281—288

12 Jiménez-Alaniz J R, Pohl-Alfaro M, Medina-Banuelos V,
Yanez-Suarez O. Segmenting brain MRI using adaptive
mean shift. In: Proceedings of the 28th IEEE Conference
on Engineering in Medicine and Biology Society. New York,

USA: IEEE, 2006. 3114—3117

13 Mayer A, Greenspan H. Segmentation of brain MRI by
adaptive mean shift. In: Proceedings of the 3rd IEEE In-
ternational Symposium on Biomedical Imaging: Nano to

Macro. Arlington, USA: IEEE, 2006. 319—322

14 Mayer A, Greenspan H. An adaptive mean-shift framework
for MRI brain segmentation. IEEE Transactions on Medical

Imaging, 2009, 28(8): 1238—1250

15 Wang Z, Bovik A C, Sheikh H R, Simoncelli E P. Image
quality assessment: from error visibility to structural simi-
larity. IEEE Transactions on Image Processing, 2004, 13(4):

600—612

16 Li Hang, Lu Yang, Cui Hui-Juan, Tang Kun. Image quality
assessment based on frequency domain based structural sim-
ilarities. Journal of Tsinghua University (Science and Tech-
nology), 2009, 49(4): 559—562

(L, B, ARERR, TR, T IaUr) 4 M AR ACLEE (1 Pl 455 pF A
Jiik. R (BAREERR), 2009, 49(4): 559—562)

17 Ye Sheng-Nan, Su Kai-Na, Xiao Chuang-Bo, Duan Juan.
Image quality assessment based on structural information
extraction. Acta Electronics Sinica, 2008, 36(5): 856—861
(WA, IRTFER, M E0RT, BXUR. R T A S IR G TR LT
. BT2E4R, 2008, 36(5): 856—861)

18 Hardle W, Muller M, Sperlich S, Werwatz A. Nonpara-
metric and semi parametric models [Online], available:
http://fedc.wiwi.hu-berlin.de/xplore/ebooks/html/spm/,
February 4, 2010

T 28 KEHETR¥HEURAL
1994 AEFRAL Ty Tk K22 b2 f. 2
TERTFTTT 1) g PGk BRI U
E-mail: yanzi_7656@yahoo.com.cn
(WANG Yan  Ph.D. candidate at
Dalian University of Technology. She
received her bachelor degree from North
China University of Technology in 1994.
Her research interest covers image processing and pattern
recognition.)

N otE O OREBRLRZHEEZ 40T
1989 F1 2002 43R4 KRB TR 22+
S A Ay R ) R
LG, Bl fE iR, ASCEEE
# . E-mail: lslwf@dlut.edu.cn

(SUN Yi
versity of Technology.
her bachelor and Ph.D. degrees from

Professor at Dalian Uni-
She received

Dalian University of Technology in 1989 and 2002, respec-
tively. Her research interest covers image processing, pat-
tern recognition, and mobile communication. Correspond-
ing author of this paper.)



