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Abstract

In recent years, with the rapid development of computer-aided diagnostic systems and telemedi-
cine in medicine, digital image processing is critical. The edges of the image cover most of the im-
age information, and medical image edge detection is the basis for subsequent image processing.
Therefore, it is of great practical significance to study the edge detection of medical images. Based
on the influence of a single light source and detection methods in the process of medical image
imaging, which will lead to uneven image noise distribution, often mixed with a variety of different
noises, this paper proposes an improved morphological algorithm for the characteristics of medi-
cal images, including the following three advantages. First, adaptive weight assignment. For mul-
ti-directional structural elements, the algorithm automatically assigns weights in each direction
according to the Marginal Martens grayscale distance, and for multi-scale multi-shape structural
elements, adaptively assigns weights to each structural element according to information entropy.
Second, improved morphological operators. Based on shortcomings of the existing operator de-
tecting edge jaggedness and the noise resistance effect being not significant, a new type of an-
ti-noise morphological operator is proposed in the algorithm. Third, it is applied to the edge de-
tection of mixed noise color medical images. Based on the fact that morphology is often applied to
grayscale images, in order to verify the robustness of the proposed algorithm, the proposed algo-
rithm is applied to four mixed noise color images for edge detection, and the detection effect is
good. Finally, through visual intuitive analysis and objective evaluation indicators, this paper veri-
fies that the proposed algorithms are better than other algorithms. Experimental results show
that the edges of the images extracted by the proposed algorithm are complete and clear, and the
suppression and elimination of a variety of different mixed noises also have obvious advantages. It
has good application value in medical image research.
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fEH AT SR 2 W, B4R EOR S 4 X Jo /. B, CT #i#E MRI B X KIRAL
i, X B EA 2R RAE, R A E AR H R LB K. B T A BRI R
HARSE, RAERGAEESCEL TR ANARAR LN 70 RAESRIG HARIRG] . =4 @M oRsE, i1
=22 BRI 2B 3L SRR SRS TR IR e XS MR AR BB RO T AR m T
MR, TSI T BT EWRr, mHERTARIR. BT A2 FUE et 174
TSI, MERATETE R RAT AR KA DTk

LR, BEETREEST PR, ORI K8 NAE 23t i] DU S2 B et BT 5ok, H:
FOEE R IE I R R AR B SR 22 . Oy T RELEEEAE SIS R M B0 AN SR O, X
T HER A, P R IR AROCHE . N T IR R, AL B R R AT AR .
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G AGR M T T HMR[L], —FRET —FEE 5 (Roberts, Prewitt 1 Sobel), 71— &H
T B S8 5 F (Laplacian, Laplacian of Gaussian and Difference of Gaussian) [2]. Canny 7 1] DAk /&
A ZART M EF[3]. (HIXLEE 1 X Mg UK, KOAEATREA SAUSCRRE4], B DLz BRIV EAT T SEBR R
fIR . B4k, Biswas Fl Hazra $2H! 7 —Fh3ET Modified Moore-Neighbor (i1 A6 7515 [5] %555
A, Bt i) Moore-Neighbor 5325, S8 5 AT RE B BT A 2, (B RAZTT kT L 4 75 EARK
[#. Menga S5 NF&H T — LT /50 FE R Canny J7iERIIAZEI 7 i5[6], S RBIEMEL, BEAEZ
B F . H. O. Lawend & ANt Canny HE L A S BIR6EE . K EERITT 138 4 >k e 75 G k4734
A7), Zhang N BT T —FGdE Y Sobel 1A A I L8], X HIERIIN T IAGAI A B, FitA
TR IRREETHR, R TAIIRE R, IR RGN B 2 i % . Chan H KP4 TN H B0 2
Frill[9]. Shi fE Al FE A A T 55 B [10].

AR, HPRAF RO R A, SR B 2R 2 4, ADHEFRN R T 8RS A
RISk, AEFAEAEANRI I OCER 5o 9 0 P 3t (201 2) 4 TE 25 27 (1) I A RIS ek 2 P 3810 e P45 [11],
BT R, AR AN T R S N (2015)E T3S 22 AP R E 2 #IAH 45 6 [12], (=2 A
G GREUERT I, (HPTRE AN TR AR OIS N (2017)K B — HIZE TE 45 M) o R AN AR ¥ AR 45 5 [13], 33
FEMR, HIRTFRIIAGAESL; FEIRHESE N (2021) K H BP #H4 WM FITEA = A TSR [14], =
RIS T INGAT I B, (H A X ER M A L

DRI, BAE 12 Sl 1) AT 58 7 ) st ORI EE SR DT AN [R] Me  FHRAOIG O0 T, RS i A H 3 2%
AR SR T R AR RCR A, 1R T 207 W 2 450 2 RS SR &Y. &5, BdEs:
R 7 AR E NG NECR, FER AR EEIAT AL BE AR B RE TS 1 ok 4
Hoe#,

2. HEWTSFHER

HUpTB AR — MR AR R AL PR B 18, )2 B TR R . Ay — Mg Eie, &
PLEASE 7 ORS L. EHCARA Y, AMEMZ sk R B, SRS A& A e
SRR G AL B (O E A A . W ST RA T . B, LSRR, R
KGR, ERAERSHITR, SHTRNIEFEEMEERETE . A5 k. SifooE— A iin
BIG/IMR 2, ARIERE 1 ARI8T AT BB AR # . BUp TR A i A e SR AR AR v FERZRK
LRI, RERIEFTE & P fLIA AR A=A %, 1 @ KRR, Kb, fERmdp, &K
IE RS T R /MU XS, R EBRBRIAMVN NG, 0 k&R, IRERNERES ERN5E
JEAEARSCHE, TS ) 7 AR SE e MR, TR e ) 5 BB ) BB 0% . T I8 B0 o PR S i /5
Ak, FIRTIR R BRI G . IS SR BRI S b, PRI RIWTIA 2k, AEHOLH .

3. HUHEE

e GRS T A 2 PR B — S T AT BRI R I, 20— 55 ) 75 2 U e 5 S i 2 £ T 2
M. g, Roele, FUEH TR REE. A% & T 7 e RIZ M S A s R B 45 2 B T ()
B, AREAS BN RIS AU, T SEIRAS 0 ks e R T S 2
3.1. &AMH

LML TR B ZA T, 1 F£R 00, 45°, 90°, 135°PUANJT MM 3 x 3 Leitgit e &=[15], X
2 F;0°, 22.5°, 45°, 62.5°, 90°, 112.5°, 135°, 157.5° )\ MNJTIffI 5 x 5 LE &5t T,
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Figure 1. Three by three elements in four directions
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Figure 2. Five by five elements in eight directions
B 2.8 1NAEIAY 5 x 5 BT R

ARDCEOR SR LR M S M L & M SRR & R B, A 3R B A0 505 B 2 gl R B ok,
DN 2R Pk 5 R TC R U H RE AT, A RERFRAZ I e et . BURILZ LG R AN RESTERE—
ANTTRRAETAS, A AAEIXANTT B A 2 KT He 7 MR B, BT DAASSCRE 2 07 il & 1R i 5
Tk

1) KEFES

K 3 ARG FERER Sy, PLAMOME R AL M P2, P25 gl A AR &S 5R /r R R 05, R K E I
dy =|R —P1, (b=2,3,---,25 RFR GG R s GG R SR, ZEREERA, B 6
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Figure 3. 5 x 5 image subblock
B 3.5 x5 BgFiR

2) T IR
e (x,y) MO R 8 PLIORIE , (NS 0 R 10 & R, 5 SUH R 28 (X, y ) A0 T
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PG BE 2 (K Y AR AL A 2 i) :

Dl(XIY):dm""dm +ds +dys +dy; +d, +dy, +dys +dy, +dyg

D,(X,y)=dy+dy +d, +d;+d, +djg +dyg +dyy +d; +dg

D3(X, y)=d11+d12 +dy+dy, +dg+dg+dy +dy +dy, +dyg

D,(x,y)=d,+d;+dy, +d +dg+dg +d, +d,, +dy; +d,, O
Ds(x’y):dn +dg+dyg +dy +dy; +0dyg+d;; +dp, +di5 +dyg

D (X, y) =0y, + 0, +dy, +dg +d, +dg +dg +dy, +d;g +dg

D7(X, y) =05 + 0y +d;; +djg+djg+dyg +dyy +dy5 +dy +dy,

Dy (X, y)=d, +dg +d;g +djg +d, +dg +dg +dy +dy; +0,

Hrf, D, D, Dy A HIKTR 0°, 22.5°, 45°, 67.5°, 90°, 112.5°, 135°, 157.5° )\ J5[AIHIIAZIE I
ST iR M x N BRI S, A7 1] 4546 70 300 I (R34 2 1 TR B E S 58 SR

M-2N-2

ED, =Y > D,(xy)(k=12734567,8) @
x=3 y=3
i, ED,ED,,---,EDy /%It 0°, 2257, 45°, 67.5°, 90°, 112.5°, 135°, 157.5° )\ IHIALL S K
IKPERRE
3) BI7 MM TRBUERTHE
AL ITTR SUGL T F T W HAHTE BN, DG NRCR B AF[16], A SCHRYET7 I 2 R 5, 4
ED=), ED, . iS5/ \ i LG E oy @y ayr @y agr g s 0y

@)

T AN TT RABRSHRS HE (8 5 H AN [T [ i) de (VR RC 45 /e 3R, SRTHSEART s it T HAR AL
G E e,

32. ZREZER

TDGHEI IR T 255 T0 R B 7 52 LAAR, 4586 70 2 iR BE RIS AR AH 5% R 35 10 s il O 2R
AINREEISE /e 2 o] DURE N S B3R UL A5 B, (Hhumettss, KRG R T LAJERREE RS, (22
FERLE ARG, ANIEWeE, iz A — RE gt Rm T LSRN [17], PrrttzEid s B
BEUIR, TN R R IS5/ 0 /A T G Al T A EE o BT LA R B[R RE 45 # e = AL sk
R RN R REAFTRAR IS5/ 0 3 [18], — I NI SAs il i 72, B REHI i M 75 S REAG 4 %1 i1 1 2%
[19].

% 8RR BURID AT LU R A%, T 5 TE 45 ha ] DSBS RN & S8 kS 40, Bt DR R 3 x
3, 5x5MHIREMILROLRAEN 1), LA ITRMPIETESE 8, KA SCRH TR nR 540
SR TG ERRIS I INE, bR e Rk 3 x 3, 5% 5, 7 x 7 [ EE, M IR AN A4 A6 U 4R

ARSIV A [R] 4 44 o6 2R ) MG D 2 (1045 K B IE B E B R AL, IS B B & il 4%
K14 .

1) W EGEBRBIRIERN:

H=-) plogP, 4
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Horp BRI PRRIOMER, L FoREEIRIE MR, 5 BRI, MR R SR
B,

2) DA EUR IO R IR AR B F

a) Mok & 451 T2 F 1 BRI E,

b) KNG EIRIOE R H,

¢) RHILHITEENNE @ =H, /S H, :

d) BADLEENE=Y 0F, .

33. ZREZHRASHREME

AL IR Z PRI S TR AR, SEIUT T e R ML e R, X TS
JeER, Wi(i=123) MERERD, Hi=10, WRHE 3 x 3 REXNILHITEK;: 2Hi=21, XM
52 5 x5 JUER/MULGHICER: 2 i=3 8, XRE 77 RERNIZcE. FE, %j(=123,
4,5,6,7, 8)/ KL LRI T A: 07, 22.5°, 45°, 67.5°, 90°, 112.5°, 135°, 157.5°, A4 T —
T3 TR T 2 RIZEZ T7 W 2 TR I B L Gk 5%, B PRI

1) R R, T I R e TR S AT M TRAL B, T M R, TG R R A

2) ANSCH R EUGG FI FS (E , JET ILRAT AU 8 e 2 B R b ke 2 o JEE B (1)
JAk, R T

/%
E(f)="f-fob
E,(f)=fob-fob ®)
E;(f)=febob— febOb

Forb, fREAGEIR, boASHITEE. N T EERMIOLLER, BT R MURIE, |
Erio (F)=min{E,(1),E,(F).E(F)}, WRLAMELI TN
E=E,(f)+E(f)~Ep(f) ®)

HIXE T 0 RUEE, j 7 RZ b4 e R, el B MEBUENE,

3) rHIiHHAE 0, 22.5°, 45°, 67.5°, 90°, 112.5°, 135°, 157.5° )\l LA TG E o a5
QAys Uy g Qo> Qs Qs AN O, 45°, 90°, 135°PUANNTTIMIMEEHITTRUE By Byr Bys Byt

4) Xt 5 x 5 RUEAAJT A A 5 e R M EE RBAT I B, =) B, XT3 x 3 M7 x7 RUE
AT T 1) (R e G5 ) 70 AR 45 SRAEATIAL: B =Y BE,» XT3 x 3R 5 x5 ainEk, @ik
ZMILEFH TGRS R, PR R ST, BT B4 o R &’y
E = feb ob — febOb (b NITTEAHITTE):

5) R4 E (1=1,2,3,4,5) M HE M H,

6) WHELMITRINE o =H, /> H, , FERAWDLEEENE=) 0F :

7) T HESEARSCHR R Gk AR VR S e S I BRSO T R AR, B
B AN EE AT ], W DARGFH 2 RIR G S, RIS TR R L S A R .

4. SRIREERE 534

BUE G B B LR PE 22 CT, MR, PET A1 X 6%, 5% B PIA 2405 SUSAN Bk,
Canny 5%, T BR{E 2 BN & 22 B[] CURR[L] 50 A 22 2 pt 3R BSR4 B[ 2] CCHR[2]5H0)
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HEATRSEG, TR A SCSERI JEGHEATTT A7 1. B0 SR 5009 MATLAB R2018b. STGHIE,
AR TR R G, A SR ORI SRR

4.1. MEEMSHT
1) SR BUG AT EUESELS, SRR AR SR T B 5 L 1 o L 1] 4~8:

(a)r. Baby ‘ (c) M RI

Figure 4. Original grayscale images
& 4. R&EES

(é) SUSAN (b) Canny (c) SCHR[L]

Figure 5. Contrast images of edge detection effect on baby

[%] 5. Baby 114546 M R 3 EL B

(2) SUSAN (b) Canny © SCBRLAIE: (@) SRR @ Ak

Figure 6. Contrast images of edge detection effect on CT
6. CT i8S MR *TLL E

(@) SUSAN (b) Canny (c) SCHR[L)& % (d) SCHR[2]52:

Figure 7. Contrast images of edge detection effect on MRI
& 7. MRI QG4 TZER X EE &
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(a) SUSAN (b) Canny (c) CHR[1EHE (d) SCHR[2]%7% (&) ACHIE

Figure 8. Contrast images of edge detection effect on X ray
8. X GBS MR R xI L E

2) N7 B IR A SRR AR R R, SRR (from Berkeley Database) 47 #5{ S256:
wE 9, 110 Ark:

@) (b) (© (d)

Figure 9. Original color images

E o REeEE

(b)
Figure 10. The edge images of our algorithm

10. A EEFRKINEE R

3) N T HE— I A SRR BN B, SR E % PET-CT 1 MRI-CT fl & B 3T
LK 11, & 12 fios:

e

(a) PET-CT

Figure 11. Original color medical images
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Figure 12. The edge images of our algorithm

Bl 12. AXEERTRIAGE G

4) N TSI A SCEVE BN, X EUS I S A L RGER R R L VA M R RS v
TR T EUE S L6 a1 13~17 FiR:

CT (=i g 75) MRI (H5UER 1 75) )

Figure 13. Different noise images
13. AR EfR

(a) SUSAN (b) Canny (c) SCHR[1)& % (d) SCRR[2]5 % (e) ASLHIE

Figure 14. Contrast images of edge detection effect on CT (Gaussian noise)
[E 14. CT (S HMR 7R )i8 BeAa MR SR AT EL [

31’4' (:
e \ A-H Sein/ L ‘
(c) TR (d) SCRR[2]BE (e) ASCHIL

Figure 15. Contrast images of edge detection effect on MRI (Salt and pepper noise)
15. MRI (#ERIE FS )i A6 M B SR Xt b (]

(a) SUSAN
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(a) SAN ()anny (c) SCHR[LEH

Figure 16. Contrast images of edge detection effect on X ray (Poisson noise)

B 16. X SHELCRAARR ) B B A M R % EL &

7 |.' ‘.‘ '\)‘- ’
i \‘ 1 g fi
S ~‘4,1/ Ik (7(
(b) Canny (c) CHR[L1H % (d) SCHR[2]1% 7% (e) ASCHE

Figure 17. Contrast images of edge detection effect on Baby (Gaussian pepper and salt Poisson mixed noise)
17. Baby (SHHIEIAMNE SR ) I SA MR X L&

5) ATt BIRUEASCRIE TR, X ER R RGN R G IR A e S | TR TR AR A
v ST STV R A A e T BE ALK o VR A R A AT U SR IR A A 18, 18] 19 PR

(%9 ; /] A
(a) FIRIPERAMESE  (b) mATHERRAWEE () mlrhr R R A (d) TR R A e A
Figure 18. Different noise color images

18. TEIREF EEIR

(b)

Figure 19. The edge images of our algorithm
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4.2. BMBHRS R
RAEVEN S FIE G SR, A T Y RZE . BEEMEL . [ BB EEE T e hr. P

BIBB I & LN
_ 1 MoNL
0= ) 2 2V )2 ™

Hrp, MAIN 2 REEEAE x 5y TR ERGREE, x5y TR ERED AL o FEIBREBOR
AR R i T b s A5 BB, AR M BB T B35 115 SR & (b T SCRR[2] SR Prakid 2 K
W, SEUEELR, MAESE); BEEMR ILBORROR BRI UM [20], REEBUN; BTTiRZEM
N o ST 13 o DU B R oA TN R B AN G R

Table 1. Objective evaluation of Figure 14 CT (Gaussian noise) edge detection
2 1. KT E 14 CT (SHME )N &M= WIFMN

. BV AR HE
b TR e L ey FAbhE
SUSAN 86.07 28.78 0.01 2.24
Canny 71.59 29.58 0.23 0.05
SCHR[L5 vk 70.71 29.64 0.25 0.05
SCHR[2)509% 242.25 24.29 0.45 0.02
N AT 9.54 38.33 0.33 18.39

Table 2. Objective evaluation of Figure 15 MRI (Salt and pepper noise) edge detection
5 2. XFE 15 MRI (MR R )i 40 U B WHEA

= BV AR

ik T - - :
Y RE VAR A5 g L 5 B SRR

SUSAN 113.06 27.60 0.06 2.02
Canny 140.56 26.65 0.33 0.10
SCHR[1) 535 136.22 26.79 0.36 0.09
CHR[2] 5 173.65 25.73 0.45 0.04
AL 17.34 35.74 0.39 24.39

Table 3. Objective evaluation of Figure 16 X-ray (Poisson noise) edge detection
= 3. KT E 16 X G CRIARE A )ih 416 M Z JITEN

= BTN AR HE
i - - -
Y RE VAR 5 gk L EVsY] AR
SUSAN 54.06 30.80 0.01 1.34
Canny 109.07 27.75 0.31 0.09
R[] 5% 146.20 26.48 0.22 0.04
SCHR[2)5E 207.66 24.96 0.43 0.03
ASCHE 25.54 34.06 0.35 15.55
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Table 4. Objective evaluation of Figure 17 Baby (Gaussian pepper and salt Poisson mixed noise) edge detection
2 4. XTE 17 Baby (SEEIELAFNR AR )DL 2= TIEM

. AP AR
ik o — —
Y7 i U (B {5 e b = B PEIRERE
SUSAN 88.36 28.67 0.07 3.13
Canny 109.28 27.75 0.24 0.06
SCHR[L]ELVE 100.58 28.11 0.15 0.04
R[] 5 231.43 24.49 0.49 0.03
ASCHE L 24.44 34.25 0.27 22,51

] 14~17 DA SR 1~4 W51, SUSAN BVEFEIU A S 26 6 M A 2%, Canny BAIRIUKIIA G A%
8, SCHR[L)EIVER I GAA B VPR BT SS, SCBR[2] FE SR U A S AN S I . AR SO 10 2
K g RAESL IR 25 L VERABEAS MR LG L (5 S AR AN 35080 B DU AN VR FE AR 35007 T FAR DI M7 % . 2% LA,
I F AR A BACR, A SCEEEALSE AR A AR IR, AR B AL 2R an AL
SERE, M HEA SRR, TR A AR ) S P

5. &5RIE

AR E RS2 R PR RE R — L HoTR, BN ga il AES RN, ET2
Tr 2 REEZ TARREAE, 2 T B & RN ABUE ) Stk (e T A 21 G 5032 - R i B e 1 i,
WAIE T ASCEIRAM RS AL BRIR A, 10 H SRR G AR T, R B AR G R
B SR, RE 7 E LG . ASCRPONE A B R BB AL GAR T TRt AR L.

E&WH
Jb 5T B AR # 3£ 42(No.Z200001) .
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