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Improved Northern Goshawk Optimization Algorithm with
hybrid strategy and its applications

WU Changyin,ZHANG Jun

(School of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: Addressing the issues of slow convergence speed, low convergence accuracy, and susceptibility to local optima in the
traditional Northern Goshawk Optimization (NGO) algorithm, an Improved Northern Goshawk Optimization (INGO) algorithm
with hybrid strategies is proposed. The INGO algorithm adopts an optimal individual-led strategy to enhance the convergence rate
and accuracy of the algorithm. It integrates the Subtraction Average Optimizer (SABO) for position updating, effectively bolstering
the algorithm's ability to escape local optima and thus accelerating the global convergence process. By incorporating a Cauchy
mutation strategy through the addition of a probability factor, population diversity is increased, reinforcing the algorithm’s global
search capabilities and facilitating better attainment of the global optimum. Based on upper and lower limit values, dynamic position
updating is implemented to optimize search efficiency and enhance the algorithm’s robustness. The INGO algorithm is tested for
optimization using 14 benchmark functions and compared with other optimization algorithms. Coupled with Wilcoxon rank—sum test
analysis, the experimental results demonstrate that the INGO algorithm exhibits faster convergence speed and higher convergence
accuracy. The application of the INGO algorithm to the design optimization problem of hydrostatic thrust bearings further proves the
feasibility and superiority of the improved Northern Goshawk Optimization algorithm in solving practical engineering problems.

Key words: Northern Goshawk Optimization Algorithm; best individual leading; Subtraction—based Average Optimizer Algorithm;
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Table 1 Benchmark test functions

PR R W3 pR 2 el %4 RE
Sphere Fi(x) = >« [-100,100] 30 0
i=1
Schwefel 2. 22 Fy(x) =2 Lo +]] 1 a1 [-10,10] 30 0
i=1 i=1
Schwefel 1.2 Fyx) =2 (X x) : [-100,100] 30 0
i=1 j=1
Schwefel 2. 21 Fy(x) = maxx; {1 a1, 1 <i<nj [-100,100] 30 0
n-1
Rosenbrock Fs(x) = X, [100(x;,, -2 +(x; - 1)?] [-30,30] 30 0
i=1
Quartic Fo(x) = Zix? + random[ 0, 1) [-1.28,1.28] 30 0
i=1
Schwefel 2. 26 Fy(x) =Y —xsin( /T2 1) [-500,500] 30 —-12569.5000
i=1
Ackley Fg(x) =—20exp(—0 2 /*Zx ) —exp(chos(ZTrx )) +20 +e [-32,32] 30 0
Fo(x) = —|10sin(my,) +2(9 — D2[1 + 10sin* (my; + 1) ] +(y, + 1)?| +2u(x 10,100,4)
i=1
x + 1
yp =1+ 4
Penalized 1 [-50,50] 30 0
k(x; —a)™, x >a
u(x;,a,k,m) =40, —a<ux <a
k(-x;, —a)", x;, <—a
sinz(?m'xl) +Z (x;, = 1) n
Penalized 2 o(x) = 0.1 i=1 +zu(xi’5710()’4) [-50,50] 30 0
1 +sin2(3’nxi +1) +(x, - D21 +sin2(21Tx”)] =l
25 1 -1
F - B —
Shekell n(®) = <soo ,2; e 6) [-65,65] 2 1
]t z (%; = ay)
i=1
Q 9‘1(1’,2 +bixy) z
Kowalik Fp(x) = la; ———— [-5,5] 4 0.000 3
? L; biz +bxy +ay
) 51, 5 2 1
Branin Fi3(x) =(xy — —=a7 +—=x; —6) +10(1 = ——)cosx; + 10 [-5,5] 2 0.398 0
4t ™ 8m
10
Shekel 3 Fiy(x) ==X [(X-a)(X=a)" +¢]7" [0,10] 4 -10
i=1
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Table 2 Comparison of optimization results of 6 algorithms( 30—dimensional )

PRI GiilE INGO NGO SABO DBO SSA GJO
F, Best 0 5.33e-206 0 0 0 1. 15e-229
Mean 0 5.58e-201 0 9.02e-236 3.17e-103 4.09e-221
Std 0 0 0 0 1. 74e-102 0
F, Best 0 8.79e-106 5.92e-223 2.58e-160 4. 04e-94 5.04e-125
Mean 0 3.71e-103 2.19e-219 7.62e-118 2. 74e-54 2.83e-121
Std 0 7.98e-103 0 4. 17e-117 1.05e-53 7.77e—-121
Fy Best 0 1.05e-98 5.54e-225 4.89e-276 3.35e-231 3. 68e-132
Mean 0 9.43e-92 5.75e—183 3.48e-176 1.96e-69 2.33e-114
Sid 0 4.58e-91 0 0 1. 06e—68 1.24e-113
F, Best 0 1.25e-91 1.48e-173 1.92e-162 1.34e-155 1. 44e-87
Mean 0 4.50e-90 4.75e-170 3.35e-112 3. 80e-38 2. 64e-81
Std 0 5. 84e-90 0 1.71e-111 2.08e-37 9.36e-81
Fs Best 0 0.05 5.99 0.22 1.34e-13 6.13
Mean 0 0.24 7.19 3.98 9. 54e-07 6.89
Std 0 0.19 0. 60 0.81 2.79¢-06 0.76
Fy Best 1.59e-06 5.51e-05 1.92e-06 4. 60e-05 3.87¢-05 5.05¢-06
Mean 2.33e-05 0.000 2 4. 11e-05 0.000 6 0.000 3 8.79¢-05
Std 2.43e-05 9.09e-05 3.52e-05 0.000 4 0. 000 2 9. 65e-05
F, Best -3 109. 80 -3 854.25 -2 191.26 -4 189.73 -3 854.25 -3321.01
Mean -2957.24 -3 436. 46 -1 810.75 -3 500. 90 -3217.45 -2 382.87
Std 110.93 212. 66 170. 59 435.82 281. 40 405. 60
Fy Best 4.44e-16 3.99¢-15 3.99¢-15 4.44e-16 4.44e-16 4.44e-16
Mean 4. 44e-16 3.99e-15 3.99e-15 5.63e-16 4.44e-16 3.76e-15
Sid 0 0 0 6.49e-16 0 9.0le-16
Fy Best 4.71e-32 9.41e-32 0.000 4 4.83e-32 4.71e-32 3.59e-06
Mean 4.71e-32 7.91e-27 0.04 3.47e-22 4.79e-32 0.03
Std 1. 67e-47 2.87e-26 0.07 1.99e-21 1. 16e-33 0.02
Fio Best 1.35e-32 7. 84e-29 0. 004 3.32e-32 1.35e-32 7.36e-06
Mean 1.35e-32 0. 002 0.17 0.03 1.53e-32 0.14
Std 5.57e-48 0. 004 0.19 0.04 3.59¢-33 0.09
F, Best 0.99 0.99 0.99 0.99 0.99 0.99
Mean 0.99 0.99 3.19 1.72 6.12 5.43
Std 9.55e-10 0 2.11 1.85 5.72 4.49
F, Best 0.000 3 0.000 3 0.000 3 0.000 3 0. 000 3 0.000 3
Mean 0.001 0.000 3 0.001 0.000 8 0.000 3 0.001
Std 0. 004 3.89e-06 0. 002 0.000 3 7. 04e-05 0. 004
F, Best 0.397 9 0.397 9 0.40 0.39 0.39 0.39
Mean 0.397 9 0.397 9 0.47 0.39 0.39 0.40
Std 4.68-06 0 0.15 0 0 0.001
Fy Best -10.53 -10. 54 -7.97 -10. 54 -10. 54 -10.53
Mean -7.79 -10.54 -4.74 -7.79 -9.82 -9.45
Std 2.71 3.28e-06 0.93 3.06 1.87 2.19
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Table 3 Comparison of optimization results of 6 algorithms ( 100—dimensional )

PRIER GiitE INGO NGO SABO DBO SSA GJO
F, Best 0 5.33e-206 0 0 0 1.15e-229
Mean 0 5.59e-201 0 9.02e-236 3.17e-103 4.09e-221
Std 0 0 0 0 1.74e-102 0
F, Best 0 8.79e-106 5.91e-223 2.58e—-160 4.04e-94 5. 04e—-125
Mean 0 3.71e-103 2.19e-219 7.62e-118 2.74e-54 2.83e-121
Std 0 7.99¢-103 0 4. 17e—-117 1. 06e-53 7.7Te-121
F, Best 0 1.05e-98 5.54e-225 4.90e-276 3.35e-231 3.68e-132
Mean 0 9.43e-92 5.75e-183 3.48e-176 1.96e-69 2.33e—-114
Std 0 4.58e-91 0 0 1. 06e-68 1.24e-113
F, Best 0 1.25e-91 1.48e-173 1.92e-162 1.34e-155 1. 44e-87
Mean 0 4.50e-90 4.75e-170 3.35e-112 3. 80e-38 2. 64e—-81
Std 0 5.84e-90 0 1.71e-111 2.08e-37 9.36e-81
Fy Best 0 0.05 5.99 0.22 1.34e-13 6.13
Mean 0 0.24 7.19 3.98 9. 54e-07 6.90
Std 0 0.12 0. 60 0. 81 2.79e-06 0.76
Fg Best 1.59e-06 5.51e-05 1.92e-06 4. 60e-05 3.87e-05 5.05e-06
Mean 2.33e-05 0.000 2 4. 11e-05 0.000 6 0.000 3 8.79e-05
Std 2.43e-05 9. 09e-05 3.52e-05 0.000 4 0.000 3 9. 65e-05
Iy Best -3 109. 81 -3 854.26 -2 191.26 -4 189.73 -3 854.25 -3321.01
Mean -2957.24 -3 436. 46 -1 810.75 -3 500. 90 -3 217.45 -2 382.87
Std 110.93 212. 66 170. 59 435.82 281. 40 405. 60
Fy Best 4.44e-16 3.99%-15 3.99%e-15 4.44e-16 4.44e-16 4.44e-16
Mean 4.44e-16 3.99e-15 3.99e-15 5.63e-16 4.44e-16 3.76e-15
Std 0 0 0 6.49e-16 0 9.0le-16
Fy Best 4.71e-32 9.41e-32 0.000 4 4.83e-32 4.71e-32 3.596e-06
Mean 4.71e-32 7.91e-27 0. 04 3.47e-22 4.79e-32 0.04
Std 1.67e-47 2.87e-26 0.06 1.90e-21 1. 16e-33 0.02
Fi Best 1.35e-32 7.84e-29 0. 004 3.32e-32 1.35e-32 7.36e-06
Mean 1.35e-32 0. 002 0.17 0.03 1.53e-32 0.14
Std 5.57e-48 0. 004 0.20 0. 04 3.59e-33 0.09
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Fig. 2 Comparison curves of optimization for various algorithms in 30—dimensional space
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3.4 Wilcoxon BkFNHIE 43 #r
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Wilcoxon Bk AKX — AE S80S 656 7 HF
VAL SR 25 R 1 HL i VOO 5%, HLAT
&, YRR p (AT 5%, AT L e w9 Fh
Bk Z MfEERE LAFTE R B 2R . FER 4 IR
BAirh ,SABO 75 F, "G it45 R0 1,SSA 1E Fy 4t
T14E50 1,SABO 1 SSA 5 INGO H4 B B H Y
wAU(E, INGO 5 SABO SSA FyPEREL BUAN 24, WA
WA 2R, SR, X T HA I pR LT, INGO
HHAS MEEHHES R B HT p HNF
5% PEZE S BIRE INGO 76X 26l i ph 4
PERE 5 HAB VAL A e & 2=, A, pE
L IN R I 2 Sl R 3, B INGO ARXS T HAth
VAR RE2E SR W .

# 4 Wilcoxon BTG4 R

Table 4 Wilcoxon rank sum test results

NGO SABO DBO SSA GJO
F, 1.21e-12 1 1.21e-12 1.66e-11 1.2le-12
F, 1.21e-12 1.21e-12 1.2le-12 1.2le-12 1.2le-12
F, 1.21e-12 1.21e-12 1.2le-12 1.21e-12 1.2le-12
Fy 1.21e-12 1.21e-12 1.2le-12 1.2le-12 1.2le-12
Fy 1.21e-12 1.21e-12 1.2le-12 1.21e-12 1.2le-12

Fg 6.70e-11 0.03 5.49e-11 9.92e—-11 3.16e-05

F, 3.70e-11 3.02e-11 5.09e-08 9.79e-05 2.20e-07
Fy 1.69¢-14 1.69e-14 0.33 1 7.15e-13
Fy 1.22e-12 1.21e-12 1.2le—-12 2.07e-06 1.2le—12
Fiy 1.20e-12 1.21e-12 1.19e-12  0.003 1.21e-12
Fy 1.21e-12 3.69e-11 1.25e-07 0.08 2.83e-08

F,, 3.0le-11 8.12e-07 3.37e-05 3.47e-10 0.91

Fs 5.77e-11 8.13e-11

.63e—-10 5.77e-11 0.000 9

Fiy 7.35e-11 4.18e-09 0.001 1.76e-11 6.74e-06
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Table 5 Optimization results of various algorithms in the design of hydrostatic thrust bearings

‘ AR - N
Bk AL E FE{E b2
xl XZ X3 .’)64

INGO 6.01 5.44 6. 11e-06 3.04 1727.94 2 087.94 155. 64

NGO 6. 06 5.48 6. 86e—06 3.88 1995.82 2 283.78 396.75

SABO 7.12 6.45 6.47¢-06 5.40 2 587.76 3 301.94 605. 29

SSA 6.53 6.01 7. 64e-06 5.98 1 985. 40 3001.85 595.76

GJO 6.09 5.51 7.02e-06 4.23 2 226. 64 2 188.77 318.22
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