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Multi-Threshold Image Segmentation Based on Improved Northern Goshawk
Optimization Algorithm

FU Xue,ZHU Liangkuan, HUANG lJianping, WANG Jingyu, ARYSTAN Ryspayev
(College of Mechanical and Electrical Engineering , Northeast Forestry University , Harbin 150040, China)

[ Abstract] Multi-threshold image segmentation is a simple, accurate; efficient, and universal, image segmentation
method. Compared with single-threshold image segmentation, it is more suitable for color images containing much
information. In multi-threshold image segmentation, the amount of calculation with the traditional enumeration method
surges with the increase of threshold number. This takes more time to segment a color image and reduces the precision of
segmentation. Therefore, a multi-threshold image segmentation method based on the Improved Northern Goshawk
Optimization (INGO) algorithm is proposed. Cubic chaos optimization and lens imaging reverse learning strategy are
used to increase population diversity while optimizing initial solutions, which expands the scope of population search,
enables the INGO algorithm to better search for potential optimal solutions, and enhances the search ability of the
algorithm.A hybrid strategy that combines.the optimal worst case inversion with a lens imaging inverse learning strategy
can help the INGO algorithm avoid situations where it is prone to fall into a local optimum and improve convergence
accuracy. The experimental results of multi-threshold color image segmentation on classic Berkeley test images show
that among the algorithms, suchras GWO, PSO, and ChOA, the proportion of INGO algorithm achieving the optimal
average of Peak Signal-to-Noise Ratio (PSNR) and Feature Similarity Index Mersure (FSIM) is 100.000% and
78.125%, respectively. It achieves better image segmentation results while ensuring the convergence efficiency of the
algorithm and has strong theoretical application value in the field of multi-threshold image segmentation.
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chaos;lens imaging reverse learning strategy
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Fig.1 Schematic diagram of chaos distribution
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i B B SR AN 2 (15) BT

1 1 1
T,

u v

s

(15

o cu v sl Pim G5 EE. K29k on

el a, 5 b, R 15 X (8] L ,4'B" R AB £

7 B AT Y BB AR, B b 5 kY
(AL AR AE B X, A'B'BY A AR AL B X, (R Ta] ) o “iF
BB R E R R s (16) R -

y

Z3ogl
IR & AB

Heia, 5 b, 0 EME. f%’uﬁuﬁ’q’:‘ﬁﬁmﬁ’%z@m
B 48 B T m Y B m (041G, B TR i )
V0 T YRR . AR, S m= 10, (17 h
— B S 1] A 2] SR
3.4 HEHER

Fhoxt B A o A AN 50 In) L, AR SCHE T NGO &
KL BIUAASL TR 5 B 1 P G ML AR &5 G 0 7 ik E
WM ZREYE . INGO W BRI IE 3 s o X
NGO B A E B SUE I , A SCR T /INFL AR S ) 5
> W 5 B 25 I ) o 2 SRS AR 45 A TR A BT EE )
WS AR T NGO 316 |, 7F 48 /5 NGO 2548 K e
771 ) s 5 B B v a0k i = S e A o

v
RERA0OARADISE

FI FH Cubic S 453558 R
B RS

v

VA E A o B B BEAR
3

v

HAERINA MBI
=g

»| BIERDBEER |

H

v

() BT R L

A\ 4

7535 AR SR S L

A4 R O)BHT
3675 1 L

|

A BIR) 2 X SR

Y

SE2M BEAAS T R AL TF

CAS R AL E

g R (12) B 582
Fir Be 551 R AL i
P 0 5 [ A

PRA B B IR PR AR

38 LA

v

IRBUB AR B 5 i 2 O E IR
K3 HEAT LB HH
i ) S LA

S I AT A AR

W SR
A | | i
‘E%ﬁ%%ﬁﬁmgﬁ|

i ARENGO 51
I A
Y

B3 mitdtrEERUEERE

Fig.3 Procedure of improved northern goshawk optimization algorithm
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Fig.6 PSNR indicators comparison among different algorithms
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Fig.7 Adaptability convergence curves among different algorithms for image 1 segmentation
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