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Design and Simulation of Image Segmentation Based on

Attribute Histograms

Abstract

The examination and execution of image segmentation techniques is a crucial and
significant area of inquiry within the realm of image processing. Image segmentation involves
dividing an image into several disjoint regions based on features such as grayscale, color, spatial
texture, geometry, etc., so that these features within a region show consistency or similarity,
while there are significant differences between different regions.

This paper begins by introducing the current state of image segmentation through a
comprehensive review and synthesis of related literature. A significant amount of current
research is focused on developing image segmentation methods using deep learning models.
Then the basic principle of image segmentation is briefly introduced, which is simply to
separate the target from the background in a pair of images. Finally, a detailed analysis and
simulation of bimodal thresholding, watershed thresholding, and Otsu thresholding are focused
on. Either method is based on grayscale histogram for thresholding analysis, and by briefly
comparing their analytical effects, the results show that each thresholding method has its
advantages and disadvantages. The appropriate method must be selected according to the actual
image situation. There is no single criterion for evaluating good or bad or correct or incorrect
segmentation results, and segmentation must be judged based on the segmentation effect and
the actual application scenario.

Image thresholding is one of the most commonly used and easily implemented image
segmentation methods. It is particularly suitable for images in which the object and the
background occupy different gray levels. In many cases, it is the image pre-processing process

that needs to be performed before image analysis, feature extraction and pattern recognition.

Key words: Image segmentation, histogram, threshold , simulation.
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B AEI B A VR 2 R 2 B SR A — 4R By AT BB B, Foad A Tk
Iy b B 14355 44 B R VE R 2 A, TR A M L e A P RCRAR G o ez T 43 kG BE A
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%, P74 T Z4E Otsu BIfEL, EHRE TRR AL BRI E R, Mg T
FR I 4B 5 & 0o,

THE Otsu SHIRAESRIATT 28 B i KINHE I RCR R Bl - IXEWE, M4 ErK
FEAE, SfERER R RSB D B BE. it R E SR G E T B R 5 —E
B, DUONETTEWE N — 450, IR S5 2

Otsu AJLLXFEER: K N M8 AAREEIIGER, el B E N 0,L-1],
Bon XKD i B, MR

p, =N /N ,i=0,1,2¢++L-1 (3.14)

L-1

i=0

CoMC ZHBIE T 73PN, CyMAKEHET0,T], C MAKEMERT
[T+1,L-17,, B BG4 LR B EIE N -

uT = ipl (3.16)
i=0
C, Fl1C, ¥ME A
.
Up = Y ip; / , (3.17)
i=0
L-1
u= > ip /e (3.18)
i=T+1
T L-1
Horp. W=D P, , o= p=l-o,
i=0 =T+l
ENEVCIECY
L = Qully + O 1y (3.19)

RIE T 2N

17



05" = @ (o = )" + oyt — 1)’

=, (1" + 11 2) + 12 (@ + @) — 2(Wo 1, + @, 1) 1t
= ooty + o’ — i’

= " + o’ — (g, + o)’

= ity (L— w,) + o> (1— @) — 20,0, 14,

= 0,0, (1 — 14)°

T £E[0, L-1MKKIVETHSE, AIMkE o’ S KIME T H, X HKEHTE Otsu
I B
Otsu B EFEE LT T 1 s -

(3.20)

(a)> OtsuPgfid 5 &l s i F R

3.10 Otsu HESEIEHEIE
H, JbRKEGH 1=146, FH 5K HE+ 1=157.
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ME3.10 ST LAE PR R 251515 208 B{E 7 308 146 1157 13 2145 5%
TEWER S, RMURLESEF . [F Otsu v AN PR FE A E N ke —o
3.2.3 37KIS B A E % 2|

43 7KW B30 T AR M B 4 4 (Al ey L4 B S SRS AN B AR 425,
XA G B SR T B S BT SR R R K EUE B R R T, IR
FEEAE R 5 R DX A A L, IR BRI XS E R 2 1L . AN E A IL S EEEA
[ K, BEE KA &, ANFEILSRKRSIERE—E. AT BEAEL S
KA, 75 EAE KR AT REIL & b 7 R SR Lo d 5 iX Lo S WU AR R HEAT 143 X071,

BATATLUH g(x, y) KEXREE, 4 (MIM2,----Mn} F£RRER/MESES .
C(Mi)s& Horp— A SRR AR &, IR HE S MiAHER R IR K Z N . g(x, y) BT/
BB KAE 2> M AFF S min Al max KRR w54 ThlRRLR (s,0 FES, H
g(s,t)<<n, Hf:

T[n]={(s,t)]| g(s,t) <n} (3.21)

TEJUT BE, BEURH 0 L2 4 K A7 A n=min+1 2] n=max-+1 RWG I, &
IR RSN AKIR T RN BOKAL T R, R K E T & s .
FAVBL A1, £ T () HRARFR A ARALLE g (x, y)=n ZF, JEH R HARIC B,
R ABIRARIC N A e BEJE, KA, FATAT AN EJ7 0% x oy ~F 1, X 34T
A B R ARG, EERGT, KB RTPE g(x, y) =n RO R G R

B C, (MY ALK FH A s AR A o B0 5 55 n B BB S (0 B /M A 5% o ARYIR AT
PR, AT LUK C (M) #E1E T A5 20 — (8 E1Z
cn(M,)=C(M,)NT[n] (3.22)
sz, WRKXy) eC(M)HXy) eT[n], MAEME (xy) HCn(M,)=1, H#H
Cn(M,)=0, 7EJUIT -R% 5 R
T4 CInINES n N BB KR RS
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qm:@c&mg (3.23)

SRIGA Clmax+1]NAT A 7S

C[max+1]:0Cn(Mi) (3.24)

FEFEIAT A, C (MDA T[] e R A B e, HIXPINES o R8s
Hn K. L, Cn-1172 Tl F4E. Bt —NEELR: Chn-11HHENE
i B ARG U6 Tn] i — NI 7y B,

TERR PRI, FRATE L E Clmin+1]=T[min+1]. $RJ5, ZVEHENEEIAEA,
BAESE n B, FATCEMIE T Cln-1], AR Cln-113K43 Cn]Hd B~ % Q
NARE TnHEE S EWES. N TEANEETEqeQn], H R 3 Ml fett:

(D gNC[n-1 K%
(2) qNC[n-1]H& C[n-1] i —AEiE .
(3) qgNCIN- B CIn-1 2T —NrREE Y&

IER - AHROMERT A &AE (D I, A q KOy Cnli—#. 2 q 4T
RS R MBS K B BAF & 26 (2) I, B q B A Cln]i)—#%r. 2kt
TE2MNKEIR LR LN, &% (3) I, 2T RA R B LA F /K I E e —
o DA, WAZBUEE ST PRSEI B LA R KA ARKIE G

(1) AUERRFRICFT ) 73 7K 731

ANFEFFRICAT A 70 7K I S92 B R AT 70 /K I AR 4, SOA AT N LT Filekse

ot
U AR R R ME, W2 FEOLE S K SHENS BRI AL AR U
FERXFEOL ~ = B 2 HIXE, 3
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b s REE T

LB IRYR

(a) RIEIR (b) F37KiR

(¢) HEILER (1) BEpE/IME
3.11 FEMIFEAKIREAS RS S E

W 311, 4 7KIEEE R 3 7KIE 5 B R IAGAIYI &, H i TR e ME R
Z B E SR W 311()FTR, F3 K SRR R e IME W AT TR, A
K311 (D frox. B — AR HZX I 7.

(2) WEBARICTT 19 53 7K U8 53]

BT HRICHFIR 23 7KUE R AE A FE T AR LR 10 73 KIS L IRl b, N T — 22 A
TEE AR IO, a2 — S E )8 T T S SRR R A REFRCAT T LA
AR T KGR (IR, i BE . FRATAT AVHE — AN SRR A, Ll b B R B
FORFEAE, ARG TS AT SRR L AN Y SehRic R e J& T 7k 0 ) s A & T4 ik 0 Y

m BEHT KIS ARG B B A G5 R . TR TR — M

(a)/R G %

.

1% LY

2AELIRYR

(a) RI6EIE (b) REIGRIERE (¢) FRIZIMERLIR
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% RS

&K TR

(d) FRIEAEBLR (e) HIFRIZAISMIREIHY (f) FEIER
HEE
[ 3.12 HEFRICH D KICE R B2

ML 3.12 ] DU Y, ABBUE 20 K BUE S SO 1 R EETUR I IR, 74
TREE R EIRCER, Wil 3.12 (D) Prr.

SRR, 3K BE G R RE AR IE A TR TEW R EIR, 5T PERE
PUS s FAT A RS B SR O HERf M M SR SR O0 =22 SR T, 3 /KIS AT
FEARZHE: (1) XFPEEN 2 52 2B GRS 50T, R ABEE BT, 5 B s =
B GBAREE, Hxt BRI IMAZ I . (2) HHIEREEHl. BE, ik
R MR — X7 A4 TV 2 R El i ME, BEJR M Sl A2 /XL (3)
FEARX LG, A5 B REENRE. ARXMEI T, RO GAE R NP EE
WARME, HEEMRMIFE ERAR AT R 5 2%

3.3 RE/NE

R-BWERALWE R EELIE 7 E B REAARG 2 RF RN, 285
R T SR BRI Ay EI L, SRl MATLAB RPN, JER T RME 2 BRI RUR
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4 EBWMEERIELRS N
HUAEI0 % R R 5 51500 2 OB T R MU . T B XI5 . Otsu
537K DR 93 360508 ) P R AT BB 5 B O 2R

(d) Otsu SEZEIER (e) TEMIMC D EILER (f) BHESIKIR S RILE
El 4.1 JHRESEELRE
k4.1 pron, BAMERARFER S T AR SEIE R NER EE, tinanHl
Ja RIS, Otsu BE VA IZ 0 145 R ERIEE. T nigE & i A iE
BT, AT 3 B5UE FH 73 /K0 BEVEAS BP0 BN A R AN AR B AR . (B 70 /KU S0 Re X e B T
B P AR 3 BN ROR B, R B -

1400 -
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(a) RI6EIE (b) FRENREERTE (c) WUEEDRIZER
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(d) Otsu SE7 &R (e) NEMIFCHTEIER (f) BUESIIKIR ST ENLER
El 42 JMHRESEELRE

ME 42 /JULEH, T agmmmE@E, St isE 2 K BRI =M
IR R, NIRRT Otsu VAR 70 FIRCR I AN EA] o JX Ul WIS T8 2 i 1) B4R
SR 73 7KW 3 BT I N B I

FIH AR, EBA A TEIR I B 5 IR BTV RE U DA AR AR L2 B A SR AL Y
BB FSLi BRSO RN, DA o 2200 B BAR IR, AR SRR DL £ 5 3E 1Y
rE . BARE EARYE LR SRRV IR &R I 0 SIGF IR, FEAMFAE S AR
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BEVERN Otsu BBV FR 2 BISEVEEAT T VEARIHRYS, JF0HiX = A AT T MATLAB f)i
B, Z3d AR S E. RIS T AR MATLAB F2 U5 AT .

KIS 4 &

551 SREANE T ASTEUG S BT K B0 5 AR ARG BT 7B .

552 SERIENE T BUGSBIIERL . ZEGEEAR R, B E7KEU R
TE BB S E . R A X R =2

553 SEVEAIAGE T T BUGE T B RS BI5E  BE B SR R — SR
PR IR B R PR T, BRSNS 2 B ACR . ARSI = A R E 43 158
T TR ST

55 4 BCH T B SR BRE S BITE IR S VR

555 BRGE T AT TAEIE R T AR BT TR R

TE5E XA RSt 8 h, BRICHR 7R 2 R IR AANR, fE3kx EG S EE T
FRIELR . RAERRWIRIOIE S 2N, AT T RERMHIRIES, 1EIRAL IR
SERGX I TAE. fE4 GRS T, R 4KSS 1, AEHEEET, NRET M
H 5 2 1 TR -
52 TIERE

B AAI7E B 2 BIAUR EV A T KBTS, (R G M Ehad:, L2
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B %

% H.J7 EIFEFP

clear

I=imread('lena.tif'); %132 HY 14
subplot(121)

[=rgb2gray();

imshow(I);% &7~ Bl %

title('Ji &");

subplot(122)

imhist(1); %2z i1l S 2K B B 77 &
title(' I B R 2K B L7 &),

VI AR — 4 BT AT
clear all;
close all;

cle;

img = imread('lena.jpg');
subplot(211)
imshow(img)
if size(img, 3) == 3

img = rgb2gray(img);
end
[m, n] = size(img);

r=1;% LBEF12

imgn =zerosm+2 *r+1,n+2 *r+1);

imgn(r + I'm+ 1, r+ 1:n + r) = img;
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imgn(1l:r, r+ 1:n+1) = img(l:r, 1:n); % § & Lt
imgn(Im+r,n+r+1n+2*r+1)=imgn(l:m+r,n:n+1); % ¥ EHIALF
imgnm+r+1Im+2*r+1,r+1m+2*r+1)=imgn(m:m+r, 1+ I:n+2*r+1); % ¥ BT
RS

imgn(1:m+2*r+1,1:1)=imgn(1:m+2%r+1,r+1:2%r); % ¥ AL TR

subplot(212)
Hist = zeros(256,256);
for i = (r+1):(r+m)
for j = (r+1):(r+n)
pix1 = uint8(imgn(i,j));
pix2 = uint8(mean(mean(imgn(i-r:i+r,j-r:j+1))));
Hist(pix1+1,pix2+1) = Hist(pix1+1,pix2+1)+1;
end
end

mesh(double(Hist))

% E AR 4k B T KRR P
clear all;
close all;

clc;

img = imread('lena.jpg');
subplot(211)
imshow(img)
if size(img, 3) ==

img = rgb2gray(img);
end
[m, n] = size(img);
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r=1; % 215

imgn=zeros(m+2*r+ I,n+2*r+ 1),

imgn(r + I:'m +r, r + 1:n +r) = img;

imgn(l:r, r+ I:n +r) = img(l:r, 1:n); % P& L7
imgn(I'm+r,n+r+1m+2*r+1)=imgn(l:m+r,nn+r1); % ¥ BAHILR
imgn(m+r+1m+2*r+ 1, r+1n+2*r+1)=imgn(mm+r,r+ Ln+2*r+1);% ¥ &
A%

imgn(I:m+2*r+ 1, lir) =imgn(l:m + 2 * r + 1, r+1:2*%r); % § LD F

subplot(212)
Hist = zeros(256,256);
fori=(r+1):(r+tm)
for j = (r+1):(r+n)
pix1 = uint8(imgn(i,)));
pix2 = uint8(median(median(imgn(i-r:i-+r,j-1:j+1))));
Hist(pix1+1,pix2+1) = Hist(pix1+1,pix2+1)+1;
end
end

mesh(double(Hist))

Yo MUEVEFE T 1:

clear

I=imread('beiminda.jpg'); %3 HY K& 4
figure(1)

imshow(I);% &7~ Bl %
I=rgb2gray(l);

title('Ji "),
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figure(2)
subplot(221)

imhist(1); %2 il EZ 0 2K B B 7
title(" (a) JEEIMAKE B E;
13=im2bw(I,170/255);

subplot(222)

imshow(I3);

title(" (b) T=170 I} B 5 F f5 1 EHR;
14=im2bw(1,80/255);

subplot(223)

imshow(14);

title(' (¢) T=80 I RE 7 H 5 IR,
15=im2bw(1,240/255);

subplot(224)

imshow(I5);

title(" (d) T=240 B} BRE 7% )5 T EHRY);

%o XL IEIEFE Y 2

clear

I=imread('3 5.jpg"); %15 B K15

[=rgb2gray(I);

figure(1)
imshow(I);% &7~ Bl %
title(" S5 &");

figure(2)

subplot(221)

imhist(1); Yo%z il G 1K FE B 7 &
title(" (a) JEEMKEEEH T El);
[3=1m2bw(1,60/255);
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subplot(222)
imshow(I3);

title(" (b) T=60 I} BRI{E 5 %1 J5 11 L)
14=im2bw(1,110/255);

subplot(223)

imshow(14);

title(" (¢) T=110 B BI{E 2% J5 1 EHE;
15=im2bw(1,230/255);

subplot(224)

imshow(I5);

title(" (d) T=230 s RI{E 43 5 i ),

%O0Otsu i

cle,clear,close all

k=8;%k KRNI B AL %
L=2"k;

in=imread('% 5.jpg);

in=rgb2gray(in);

figure;
imhist(in);
title("'Ji7 & B 5 K"

[m,n]=size(in);
num=zeros(1,256); % num &5 K FE 0] B 1R 3R AN
p=zeros(1,256); % p & &KL H I BE 2
%op=zeros(1,256); % q s REAN KL L HIRE 2R (1) AR 73 A1 bR £X
fori=1:m

for j=I:n

num(1,in(i,j)+1)=num(1,in(i,j)}+1)+1;% Ziit-%
end
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end
p=num./(m*n);% >RAEHK
ut=0;%ut & ¥ 08 & 1A E
fori=1:L
ut=ut+(i-1)*p(i);
end
for t=0:L-1
w0=0;
w1=0;
fori=1:t
wO0=wO0+p(i);
end
wl=1-wO0;
u0=0;
fori=1:t
if w0>0
u0=u0+i*p(i)/w0;
else
u0=u0+0;

end

ul=0;
for i=(t+1):L
if wi>0
ul=ul+i*p(i)/wl;
else
ul=ul+0;
end

end
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