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Abstract: Aiming at the issues that most existing multi-threshold segmentation methods struggle to accurately locate the
optimal threshold combination and face soaring computational complexity with more thresholds, an adaptive multi-
threshold image segmentation algorithm (AMTISA) was proposed. First, histograms were smoothed with bilateral filter-
ing and a valley-bottom screening strategy was used to shrink the threshold search space. Then, the multi-threshold
search was turned into a matrix extreme value search using dynamic programming. By using quadrilateral inequality
properties, a divide-and-conquer approach found the cost matrix’s maximum value, boosting search efficiency. A target
function based on histogram valley features was constructed to automatically determine the optimal number of segmenta-
tion classes. The optimal numbers from RGB channels merged for best color image segmentation threshold. Finally, ex-
periments on BSDS500 and MSRC datasets confirm the algorithm’s effectiveness and adaptability.
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2)ifm =1 then fuCan) + (1= Byu(bw) = p(bu) 17
3) return max_pos = 1
4 XRA7)HATERES, W15
else
5) ifr# 1 then _ u(ay) = pu(by)
6) PAuy iy pau) = i (bv) (18)
Jmid mid ﬁ: ,u(bau) —u(b,v)
7)  max_pos = DIVCONQ ( P,offset) u(au) —u(b,y)
§) endif KRN AL HER(7) A
NQ Ay 1my x (pos) (a4 ( ) ,
_ o (au) +(1 —a)yu (byv) =z pu(ayv)
10)max 'J)OS DIVCONQ (Q,offset + r) B (au) + (1 - B2 (b) > i (ba) (19)
11)end if
BeAh, ASCHEIFIERTERE, LUESS H bR RAAYFEMNFLL o (jr), w17
I(a,yv)=w(ay)i’(ay) < a%’v;l(a,u) +(1 - a)a%l(b,v)
1(bat) = o (ba) 2 (bat) < i) 1 a0 .
( U @ 5”):” ( 5”)\ﬂw(a’u) (a’u) ( 'B)aco(b,v) ( ’V)
¥ 1(ay)s [(bu) MG IR S G A3 E R
_ oo (ay) + o (bu) DN BT AT AR S R SR R, B, 2 B
Ham) 1) < 2 Gy (e OTSU FI A7 5 KM 25 2B M K M, 1548 s
U—@w%ﬂ+ﬂ—ﬁmwﬂ”wm @1)  FHEFEKK, WSOty BIRE . AR
@(bv) b B S0 B A7 UL, R B0 B P
H(18) Z Al JERFAE (AU, 1205 2] £ Bl R Ak B A R 50
aw(av) + fo(bu) _ | Jias H BN E SO B > B R B RS R
w(au) 22) R F(K), RAN
(1 - )o(ay) +(1 - folbu) _,
w(b,v) (23)

¥eMRARCHH, B2 (au)+1(by)>
I(ayv)+ 1(bu), WIE.
2.5 BENZHRESIEE

A 235 0 (L5 2% SR I I B 1o R e 2R )y 22
K B e KAB IS Bt L 73 SR8 . SR, HAREREL
IEUE 2B A 7 R I IE D 3G 22 1T S 30 B
WS, X Rt R R, B
I TR ROR RV B R . A)E T, Bk
2 1ok 5T REA A A 2R 2 0] A R ) B KA, g
M5 R R . Kk, 76LMERE 2 RE S
FEE, HEAERENTHWE S EIEE, B

K-1
F(K)=(1= > p,.)J(T)
i=1

K-1
b, 1= S p ONBRRIES, X AR
i=1 !

w2 (23) ) F AR A J5RT B 18 I e
RERES, ATasRESELS, #eds
Fs T (T) 52 230 BN KN f KA B A
B, o HRKBWHREE QP ENITHE
F(K), FHU R Hm K A Bl i 2y 1
FHK, BrRikN

K = arg1r<nax {F(K)}

st. Ke{23,,]Q|} 24)
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L3N HE R 2 BE 55 #IH % (AMTISA)
ARSI T IR RS OB N T4 i R
o R my il B, HLAE R B o B 45 R AE A P R
i, $&TF T &5 RIS

X3 AMTISA
mA KGRI

Wil A EIHKT
DitEKEETTEp[0,-+,L - 1]

)R XL g BT B5 1A
3) it B S S g K PEE i I p (i)
T

dHfor K =2 to|2|do
5) R4k %k DPSEARCH 1 DIVCONQ 753
RAEBRIELALE (1)1, T |

6) MRIEA@)HHIHEEF (K)

7)end for

)R Q5 BB K

9return K~
26 ETREEGHNZHESSIEE

EROEBZ BESFES T, HEDRE
XA A I RGB X 3 ANl 1E B 7 BT it
1o IbERAE BERRIRE DT B e S 40, 1k 3R
YA, T AR L A ) % S L
IR 7 38 P AE I A e BIE . 45 ok, 1B EE3
53 %F RGB iX 3 ANd 18 (1) B 7 kAT A B, AT
TE S IBTE N N B AR R . B e, BRI 3
EIE R BN E ML S . Ba, HBEEN
GIF R E DT B g R R E A, R
EZHA WA HAREUR T S RS, m& B
Rt BB R ARG T 1

BN —IK R~ H < wiEGEE, ZK
BB ERSBEAN=HxW, BEHESGx=
(X 0 ey BRI EES Y ={y,w e wife X
T AN F A2y, HXTRFR. G, BiX3 4Nl
T 1 BT BRI A R X R, 4 A O,
ClO, PR, Hih, Ke=|cP| Ko =],
Ky =|CP |5 BIFF R, Gy B3I E T
BRI X gE. o, BixptaRGEmasn
ALk e S Qe

K=K, x K * Ky (25)

RGB B 7 Bt 3 s, Hd, K3 ()
REEERE, B3 b, B3 . B3 W 459
FoRFIEFORIEITIR. G, BX3AMEIE TG
HAE, X E 7 EER T G S5 0 iE 1 58
[EZi e

7R3k BT K, AR RN Bk
HIMAIRALE, XK n] LAE A BG4 1 % F
B BT B, T LT R R AR AN
P EE SR R AR L P RN P A A, R IR AT AR
SR e A AR
WRIE, ARCEE LR, iR, G. B&
HoEl, HBoigReirtaaitEnmErE.
e, BERIME T EEREEN > E, B kE
AT . Qi —k, (RS A 2 1) 4 )
AR A G, SEIU R R RS T 2 1
3 BEAXE

R B ASCRVETE S BT S PR RE R DL, &

HY Mshift(mean shift) 2%
26]

MCG(multiscale combina-
torial grouping)! CCBCut (compassionately con-
ENCut RWRT(explored
normalized cut with random walk refining term)[2%),
NAM_ HDBSCAN(nam-based hierarchical density-
based spatial clustering) . HISFBDI(hierarchical
image segmentation frame-work based on deep infor-
mation)*%iX 6 FEUG M BIHZAEN L. FRFTALL
B AT E MATLAB2020b 4 FE 3R B2 h 58, 3F
H A M _EiR F BN S Bt AT .
3.1 RIS RIES

T ERMEEL P H S R A SRR
SRR R, S HIEHERE, KOk T
PRI (probabilistic
P K
ACT (average computational time) 1E 4% O P Ak
fEbr. X4 THEHRREWS N BRI HER L . — bk
1B R AL G LA RBYESE, WA
R 7y F SR R T A T B MR VRN, A
P BE ARG A B P e S PR e

FETTFESRIRUGUE TAEH, Aok 2 MR
(0 FF 5 B 4, B BSDSS00B % 45 45 (Berkeley
segmentation data set 500) 1 MSRC % #i& ££ (M-

HoAF,

servative balanced cut) 271

SC (segmentation covering)

rand index) . VI (variation of information)

crosoft research cambridge dataset) 1,
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B3 RGBHJTE

BSDS500 {1 4y EIAZ 53 1 4 3 Al EL 52 1) 7 1 5080 48
WA T 500 5k BRI s BUE,  FFE 05k R C &
T 2 AN FEAREN R TF L6 L A bRiE. %5
PR NG BAFEMNIRE, ABRYIZ
PG HRAL T 58 & R SO . R 2 A PE T 42
eI R OS5 2R T AN S 2 BRI
flifabs, (e RR RS EIEE, IREZ B
o3 BRI 55 A% 2 UG o BN BT PR VA S5 0T L
(B AE . MSRCEMR A —AN 1z S i R vtk
AR, v 720 AEZER, ot 591 5K K
%, FikEGHE T MBI B R RIRE. %5
PR Z Hxwh, HBECREMIRER R, &
IXRESCREEME 025 BARRE A JE R AT 55, I8
RE 7137 5 R AR 45 ST AAT 25 (R 5
3.2 BSDHIE&ESLE

NRGVHE S REIRIIMERER I, 4 SCTRRATI
(22 Ay B0 77 A AR SRS — R T BSD $idia4e

TFRESEG . BSDHEAE LIE s Fl4s R a4 o,
Hrb, S UTHERENR, 217~ 81T M 20 T
Mshift®l,  MCGP,  CcCBCut?,  ENCut?®l,
NAMP), HISFBDIPYLL S AL BN B4 3

ML 4 I o E AT A LS R R R, A
SCHE AMTISA H 48 e 2 W 0 H bs R
MEEMEE ), HAOo®BRRE. DE2ERAEAZ
FEIRGER LA BN, fE2 B0 EVEH, D
R BOZ G & B E SR, 3 S EoT LA X
W EIAEREHE . SR, ASCEIEAMLRERCHE
Bt M AfG o PR N0, IR RESEIURE B 0 B, X AR
AL IRAE AL B R AR AR I A T R AR
#, FEIE{EBSD ¥R I sEIR A R sk 7
N, R ET R R s A -

MR THARR R, ASCHTIEAE SCHRFR M
PRIfE bR E¥A$ET, RIARSCHIE GRS T ARG 11D
BB BRI, A RIX AN FEZE, R
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¥ 46 %

AR T o B HER M VIFRARAH BT RKE A 6t
PeEE, RIVHAFRREERBL, BWE A UL
TEAC B B 400 RIS, Rets fR¥E &)1 5
()35 T AN R, ek 1o BE AR B R A BB IR
TE ACT e 4577 TH , AMT 532 L4 0.084 s [ FH I 28 3%
e, U NMCG 5H9%43.620 s MAHE 02— -
CCBCut 51£34.731 s WA A > 2 —, FRIIE
T AR SCRNEAE ORAIE 73 FUAS FE 1 [F IR H B8R 2 T
W E R . HULET W, 7E BSDS500 4 S 1X —
FE RN, mx B ERmME R R Z R H
WA, ZITEH Re4E RPN AR 8 I B,
TN 5 BE 0 UG 0 B S5 A0 B T AR B35 7 N IR S
CIERE-0

£7 HBEEEBSDHIEE LMK ER

v sc(1) PRI(T) VI(L) ACT/s(|)
Mshift 0.540 0.790 1.850 0.895
MCG 0.592 0.813 1.548 43.620

CCBCut 0.418 0.734 2.360 34.731
ENCut 0.621 0.784 2.084 22.962
NAM 0.565 0.811 1.805 0.591

HISFBDI 0.669 0.854 1.371 0.186

K NE RS 0.764 0.868 1.724 0.084

3.3 MSRCHUE&ESL

ATV - 5L 454 VERE, AR SCHE MSRC
Bl LR T RS, S HIE{E MSRC HidE 4
Ry sEE A R K 8 R, KB TR RN ZIE
PRI A AR -

#*8 SEEEMSRCHIESE FHLHER

Rk sc(1) PRI(T) VI(L) ACT/s( )
Mshift 0.750 0.830 1.800 1.473
MCG 0.668 0.784 1.205 52.432

CCBCut 0.661 0.674 0.989 48.873
ENCut 0.638 0.669 1.382 31.035
NAM 0.750 0.852 0.944 0.353

HISFBDI 0.737 0.826 1.010 0.275

KNS 8PS 0.762 0.896 0.926 0.087

XoF MSRC 48 4 73 1| S 56 1 %5 T0U 14 BE 48 Ar A4
HEATAMT AT 40, A SC VR 7E SC 8 bR A PRIFE br I
BRI SRS, X R EELE o IR M DA
R Xk —8 i p i 7R E NG SR, Sk
R IE VIR bR PR, B 7 #1245 R A €
PEAR B g, dE—4RTt 1 2 BRI E AR E
P FEZEUESE B, ACEIEMRACT 8510
0.087 s, MKIHPRFFEAL, PR T NAM10.353 s,
HISFBDI {7 0.275 s A 2 MCG+~ CCBCut 1 ENCut
(B FPGRERT, RIS A SO AE 35 50 14 e
(1 [ B L % B i P R

MSRC 4 £ F (1) 5655 7 F 45 R Bl 5 Frs
Hrb, BT REBER, 58247~ 84Tk ICh
Mshift. MCG. CCBCut. ENCut. NAM. HIS-
FBDI PL & AL 75 ) 46 R o DAEE — sk Dol 1
B, BT ZEGR s RINIEg T EE, H
by J U Bl 7925 5 DA 5 084S 0L TG 2 S RS
I3 o AR SCEE AT RS R PR T AR 1) RIS
BEMSEIECAR AT I SR FE ), XA TA
SCEVEAE A TR arHE AR T T B & LSS 5
VAR

zi B Ak, 75 BSDS500 #di4E I, SC#&hsFt+
%0.764, PRIFEH5ri50.868; MSRC ##E 4 -, SC
fabr#E 2 0.762, PRI br 542 ik 0.896, iX %L
13 375 T 4 R I 8 SR WS 1 T Wb A o % SR MK R AR
256 % (G A AT R IR IR 4R, e Dhid g 1 g
FEFE AR T, A0S B3 A FURIAE T A 14
A ) B E LB s TR, MSRC ##E 4 |
VI$EFR P2 0.926, 1855 T2 T WA 5
TRBURGE, WOTIEMIRDUE & R AR, )=
WAl , Biibid &5 K 5% ok, RCEZE
ACT £ ILH A H 1, 7E BSDS500 # ¥5 42 F AN 7
0.084 s. XfHai THIEHREMO(KL?), Kigk%
KZE O(KLIb(L)).

4 ZERIE

BT ERME BB 2 B A RCR 5 B G N RE T A
CApFRIDLAL, A Siikit SR I v Hs = BRM{E 2
B EE N RN R, AR Rh il DP
5010 R I B G 2 BRE 7 RIS . SFARE B
B E T B R IR & H bk £, i3 X RGB
X3 AVEIE R R E AT &R, BE e RRER
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