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Improved Harris Hawks Optimization Algorithm Based on Hybrid Strategy

ZHANG Hai-Lin, CHEN Min-Rong
(School of Computer Science, South China Normal University, Guangzhou 510631, China) \

Abstract: Original Harris hawks optimization (HHO) has low convergence accuracy and slow convergence speed and is
easy to fall into local optimum. In view of these problems, an improved HHO Based on a hybrid strategy (HSHHO) is
proposed. Firstly, the Sobol sequence is introduced in the population initialization stage to generate a uniformly
distributed population, which enriches the diversity of the population and helps to improve the convergence speed of the
algorithm. Secondly, the limit threshold is introduced to make the algorithm perform global exploration when it does not
obtain a better value within a certain number offiterations. This can improve the ability of the algorithm to jump out of a
locally optimal solution and solye the problem that HHO is prone to fall into a locally optimal solution in late iterations
because it only executes the development phase. Finally, a dynamic backward learning mechanism is proposed to improve
the algorithm’s convergence accuracy and ability to jump out of the local optimum. The proposed algorithm is tested by
nine benchmark functions and six CEC2017 functions and compared with various optimization algorithms and HHO
variants. As a result, this study verifies the effectiveness of the proposed strategies and performs Wilcoxon signed rank
test, Friedman test, and Quade test. The experimental results show that HSHHO has great performance in terms of
convergence speed, optimization accuracy, and statistical tests. Furthermore, the proposed algorithm is applied to the
design optimization of welded beams. The results show that HSHHO also has a positive effect on practical engineering

optimization problems with constraints.
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i=1 \
1 n 1 n '\l A
Fs(x) = —20exp [—0.2 - Z x* |- exp( - Z cos(2rx;) +20 +¢ 30 [=32, 32]° 0 EA
i=1 i=1 . -
ju n-1 n \ |
Fox) =~ {10sin<ny1>+ D i= D [1+10sin% (ryie)| + (G — 1)2}+ D u(x;, 10,100,4)
i=1 =174 %
1 kxi-ay',  x>a. 4 30 [-50,50] 0 L
y,—1+ 1 u(x;,a,k,m)y=4 0, —as<x<a
k(=xi—a)™, xi<-—
n e n
F7(x)=0.1 {sin2(37rx1)+Z(x,-— 1)2[1 +sin2(3mx,-+ D1+ (x, — D21 +sin2(27rxn)]}+z u(x;,5,100,4) 30 [-50, 50] 0 g4I
i=1 i=1
i X1 (b +b,x2)
F 4 -5,5 0.00030 &
. 5() = Z[at pr— [-5. 5] e
Fo(x) =~ Z Ci eXp[— Z aij(xj— p,_;)z] 6 [0, 1] -3.322 Z
i=1 j=1
%2 CEC2017 Witk %y K3 ZHRE
G Hish HALE R ik 28 fig
A Shifted and rotated bent cigar function 100 Hg WoA a % (0, 2]
. c -
1 Shifted and rotated rosenbrock’s function 400 Zl& SsA X [2/e, 2]
/3 Hybrid function 5 (N = 4) 1500 IB% Gwo ¥ - (0. 2]
‘ yorc unetion o BOA . | ¢ 0.01
fa Hybrid function 6 (N = 5) 1900 G BOA. | > 01
fs Composition function 5 (N = 5) 2500 #& . MFO a [-2,-1]
Je Composition function 10 (N = 3) 3000 41A “sca o 2
L R4 SRR L
PR R4 K R ¢ Bk A SEYE e ze it 2
' HSHHO 0 0 0 0
HHO 1.3807E-113 3.2883E-94 9.524E-93 1.7375E-93
WOA 4.1547E-87 3.1799E-74 5.9442E-73 1.1539E-73
F, 0 SSA 3.8758E-08 1.2992E-07 6.5591E-07 8.442E-08
GWO 2.9928E-29 7.1766E-28 6.7464E-27 1.3178E-27
BOA 1.1045E-11 1.2793E-11 1.4112E-11 7.505E-13
MFO 0.31305 3005.769 20001.3664 5348.395
HSHHO 0 0 0 0
HHO 5.5027E-62 3.3844E-50 1.0025E—48 1.8295E-49
WOA 5.1941E-58 1.6473E-47 4.9395E-46 9.0181E-47
F, 0 SSA 0.31304 2.3002 6.673 1.5948
GWO 1.1168E-17 1.1966E-16 3.9049E-16 8.8778E-17
BOA 1.4425E-09 4.0689E—09 5.7363E-09 1.4955E-09
MFO 0.14525 35.618 80.0211 19.6937
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*4 (8 HSHABRRASLRN T
ERIER S R A A AN ettt FHE ez bz
HSHHO 0 2.4213E-06 7.17E-05 1.3086E-05
HHO 6.991E-05 0.019353 0.15148 0.03021
WOA 27.1882 28.0909 28.7735 0.47633
F; 0 SSA 25.2621 96.364 1561.0287 110.763
GWO 25.4961 26.6839 27.9564 0.63448
BOA 28.878 28.9391 28.9846 0.026588
MFO 260.2402 2672814.0339 79942991.6776 14594024.3112
HSHHO 2.0666E-07 8.2863E-05 0.00032113 8.2162E-05
HHO 4.0259E-06 0.00015572 0.0012088 0.00022079
WOA 4.2163E-05 0.0024214 0.01296 . 0.0028111
Fy 0 SSA 0.051068 0.17139 0.35208 " ,',- 0.074745
GWO 0.000501 51 0.0019334 0.003 7542 ) _ 0.000962 06
BOA 0.00043866 0.001401 \ 0.0024265 - 0.00056823
MFO 0.090447 4.795 \ i 35.0181 7.9582
HSHHO 8.8818E-16 8.8818E-16 8.8818E-16 0
HHO 8.8818E-16 8.8818E—16 8.8818E-16 0
WOA 8.8818E-16 3.7303E-15 7.9936E-15 2.3603E-15
Fs 0 SSA 1.3404 24724 49895 0.56719
GWO 6.839E-14 9.468E-14 1.1102E-13 1.3636E-14
BOA" 4.2639E-09 6.0963E-09 7.2641E-09 5.9714E-10
§° MFO 1.1035 14.4128 19.964 1 7.4618
¥ HSHHO 1.5705E-32 1.8778E-07 2.0043E-06 3.9041E-07
HHO 4.5249E-09 5.139E-06 2.5202E-05 6.1599E-06
WOA 0.0039956 0.037074 0.29058 0.053503
Fg 0 SSA 1.9035 7.1311 18.894 1 2.7254
GWO 0.0065551 0.033561 0.071201 0.015182
BOA 0.38915 0.63306 1.0414 0.17009
MFO 3.0402 208.6657 5842.8266 1064.2755
HSHHO 1.3498E-32 3.0545E-06 4.5569E-05 9.1472E-06
HHO 1.3431E-06 0.00011693 0.00074199 0.000161 14
WOA 0.10553 0.62506 1.5405 % \._: 0.30762
F; 0 SSA 0.01646 204511 54.0221 -7 154907
GWO 0.21316 0.59833 1.1092 - 0.23258
BOA 2.5491 29139 \ ‘-‘. 2.9999 0.13588
MFO 2.1435 6478.8439  ° ©193519.5135 35326.354
HSHHO 0.00030773 0.000 3\3‘37 0.00043424 2.8012E-05
HHO 0.0003083 0.0003439 0.000486 65 3.6928E-05
WOA 0.00030786 0.00067821 0.0022519 0.00048581
Fy 0.00030 SSA 0.000307 51 0.002 154 54.0221 0.0049558
GWO 0.00030769 0.0058614 0.020367 0.0089002
* BOA 0.00030941 0.00037616 0.00049217 5.4588E-05
;q ‘ MFO 0.000493 4 0.00091382 0.0016554 0.00033782
HSHHO -3.3211 -3.3013 -3.2765 0.010533
HHO -3.2907 -3.1006 —2.7214 0.12886
WOA -3.3217 —3.266 —3.058 0.080 149
Fy —-3.322 SSA -3.322 —3.2242 -3.1719 0.055428
GWO -3.322 —3.2692 —3.0867 0.074232
BOA —3.1138 —2.866 -2.2105 0.2296
MFO -3.322 —3.2342 —3.1376 0.060702

3.2.1 Wilcoxon {55 #4606 45 5

T HE— U B HSHHO 5 HoAth 8 12 350 51 1) 22
S, B 34T T Wilcoxon £ 5 BEK 5601 | 4K 16 45
3 p WHE/NT 0.05 B, BTN 5 HSHHO 5% L i) 5

RAE S R B B B A W % 5, NaN RoR IR BE
BEARBA 2R WK S HATLLE Y, HSHHO 54 L
{17 L S92 1 28 K0 73 bR K B 04T B S RO 22 5
5 +/ ~ |-~ HSHHO 5 F Al 5030 76 ~F B4 B X
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PR RS Be it X HHO %3k, HSHHO f&
TARE LA BRI, S 2 AR BRE
8 22 5, {5 /& HSHHO “F 38 75 48 2Lt HHO 4.
HHALFIEM L, BRAE Fo 5 WOA Sk 34 3 A A
24, HSHHO 7£ It 47 BR 50 b 5k B HL A 5592 #0406 1)
ROR.
322 BREUSIME AT

Bl 4 JgoR 7o s B iesi &l EIHa BLE
TEFTA AL, AT A 5%, HSHHO MU SIoH 2
B, WSIORE . BT T Sobol JF HIHEAT Rl EE
WIaa Ak, B0 7 FREE 2 FE 1%, HSHHO 7E3& AR 46 st
Re UL U i 45 3, AR AN S 1, A limit SR

A 1 42 IR R B BoR s 25 7] 57 2] 5%, HSHHO fig
Fa g HARTEWCEL, Beah R

%5 Wilcoxon £ 5 HAh 6 &4 5
KA HHO WOA  SSA  GWO BOA  MFO
Fy  121E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E~12

F, 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12
Fy 3.53E-12 3.16E-12 3.16E-12 3.16E-12 3.16E-12 3.16E-12
Fy 0.06  7.12E-09 3.02E-11 3.02E-11 3.02E-11 3.02E-11
Fs NaN  8.72E-08 1.21E-12 1.10E-12 1.21E-12 1.21E-12
Fg 3.35E-08 3.02E-11 3.02E-11 3.02E-11 3.02E-11 3.02E-11
Fy 5.46E-10 2.95E-11 2.95E- 1129§ \1295E 11 2.95E-11
Fg 021 2.32E- 06 6.12E-10 5.86E-06 0.001 3.01E-11
Fy 4.08E-11 \0 102 4 00E-04 0.077 3.02E-11 7.20E-03

+/~/= 9000 8100 __9/0/0___9/0/0___9/0/0___ 9/0/0

10" o 10
1%
10° f\ W =
iz ol
& =
?‘_ 10° §
B B
10
10-10 s b——
0 100 200 300 400 500 0 50 100 150 200 250 300 350 400 450 500
EARIREL AR
(@) F DR \
1010 -1.0 - —
10°
i =
£ £
g 0 O
® Eay
10’5 L
1071 ‘ : * * * * * * *
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
B EL AR EL
(c) Fs (d) Fy
—— HSHHO —— HHO —=— WOA —=— SSA GWO —«— BOA —=— MFO

B4 oy R ol i ]

3.3 5HEM HHO TRAIRTEE

A 2 HSHHO Sk 55—t B BT RE
HHO 2§ KA #4746 b, 4% : HHO-SCAM™. QR-
HHO™'. THHO" . % 6 JE7R T 1E 9 ANZ B i b v 1)

174 A4 AR5 % Software TechniquesAlgorithm

TR BRI ER R EE. AT LUE H, HSHHO £ K573 bR 4L
PSS ME R R B i BUE A 2. 5 HHO-SCA AR L,
HSHHO 7£JT A 8 B30 T8 8l ROR B AR 4.
5 QRHHO #Htt, HSHHO X AE Fy F Fg R {E B
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&+ &. HSHHO fE AT A3 B8 20 -3 b THHO B R 2 % 7  Friedman 1 Quade #1645 5

U fERR B Fs b, JURM SR 1 2R 3L A 24, HSHHO it Friedman Quade
NN o . o “ N HSHHO 1.7222 1.4222

A v 22 FE S T oAt B0t e 0, 0 D T R 1 F B vk HHO.SCA 59444 31333

R sE VERL T 0 45 BAAAT Friedman #6367 A Quade & QRHHO 26111 2.7333

W0 sERNE 7 Ff R, HSHHO [OHE 1 2 55 i, £ THHO 27222 2711

FITHR H A S0 bl LA Ry B A S A g 1 34 EE RS A S AR

A4 S48 BT TR H ) HSHHO () % BT I

e e ST, 1 HHO-ST AL A Sobol F it
S (H 0 1.86E-91 0 3.11E-102 AT FREERT UG AL S I, HHO-S2 ﬁfﬁﬂﬂﬂ)\ limit B {E
prift % 0 9.49E-91 0 1.57E-101 174 )R % R 5%, HHO-S3 ﬁi%&bﬁ)\zsb S IA) o > 5
Fazzi ’ PAORS 3R 2T B 12 8 BRI 3 i 00 5 BIFE T A 9 A B
SV R # — e AR AR, kN T AR

FEME  2.4213E-06  1.43E-02  1.16E-01  6.80E-03

£y

BS e 1308E.05 201E02  106E01  9.17E03 {Eﬁé“ PUEH T T4 SRS FO A R0 HSHHO 424 71X
F, Ti’aﬁ 8.2863E-05  1.22B-04  8.04E-05  2.02E-04 ™ 3 P sEms, BUAS R0 S R B I ).
e I
Fs s ) " QO T ¥ HSHHO Fi T & = 1) 7 CEC2017 &£
v, T 1.8778E-07 LI3E05 937E-05 8.15E-06 tk, LI HSHHO 7658 2% s Bt Ak E o vERE. #r g 1
brdEZE  3.9041E-07  1.5E-05  4.81E-05 1.37E-05 HIE&wZ4 s SCAPY, HHO #HTxT L, g 9 fr
P s et ot e e O IR AR 5 e
£y SEYIE 0.0003337  3.45E-04  3.12E-04  3.64E-04 fgyﬁ%ﬁz“ﬂ ESCS IiSHHO 1E 6 1 #{LE}’J$£]{E
FRMEZ  2.8012E-05 4.03E-05 4.79E-06  3.99E-05 CHFH B HHO )75 2 5, i B HSHHO 15 24 1) R 4L
£, P 33013 -3.09 -3.27 -3.16 etk B B A B RE. HHO 78 6 R R T 14
Frifk 22 0.011 1.09E-01  7.71E-02  1.18E-01 ¥ SCA ByETET.
R NIRRT o) 5 A W X e A0 e % B L\
PR B4 Ei=Ti HHO HHO-S1 HHO-S2 HHOS3 -  HSHHO
r PEIE 3.2883E-94 0 9.0903E-144 v F o™ 0
' PRt 2 1.7375E-93 0 47253143 . F 0 0
F, FEE 3.3844E-50 0 1 2.8719E-85 0 0
FrifE 2 1.8295E-49 0 . 9.9755E-85 0 0
F, SEYME 0.019353 0.0089207 0.0032989 5.189E-06 2.4213E-06
PRtk 22 0.03021 ~_0.012052 0.0070753 2.8421E-05 1.3086E-05
£ FHIME 0.000 15572 0.00018112 0.00011726 0.0001069 8.2863E-05
Ptk 22 . 000022079 0.00017185 0.00019234 8.4685E-05 8.2162E-05
FHI{E " 8.8818E-16 8.8818E-16 8.8818E-16 8.8818E-16 8.8818E-16
Fs B
b7 0 0 0 0 0
£y SFEME 5.139E-06 7.4502E-06 1.7013E-06 3.1892E-07 1.8778E-07
PRtk ZE 6.1599E-06 1.1414E-05 2.6264E-06 7.9073E-07 3.9041E-07
F PHIME 0.00011693 4.5443E-05 2.138E-05 9.24E-05 3.0545E-06
bRk 2= 0.000161 14 5.4336E-05 3.7823E-05 1.7431E-05 9.1472E-06
Fy PHIME 0.0003439 0.00036826 0.00040329 0.0003725 0.0003337
bRz 3.6928E-05 0.00017428 0.00022602 8.9816E-05 2.8012E-05
F, FHIME -3.1006 -3.289 -3.1587 —-3.2096 -3.3013
bRt 2 0.12886 0.013469 0.085015 0.095 855 0.010533
3.6 1RRERIG B LB T AL R AT T SR A A AR 5% R R

PR ) O AN ) AR SR ) (W) KE (). B (o) AN EFE (b) X 4 DA E N
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T ASE A5 06 422 2 1) 1) 3 Jl A B /N MR 2 W T R 1)
=2 RIVY I

X =[x1,x2,x3,x4] = [h,1,1,b]

min f(X) = 1.10471x2x; +0.04811x3x4(14.0 + x7)

S.t.

g1(X) =17(X) — Tmax <0

&2(X) =0(X)—0omax <0

83(X) = 6(X) —0max <0

g4(X)=x1-x4<0

g5(X)= P~ P.(X) <0

g6(X)=0.125-x; <0

g1(X) = 1.10471x% +0.04811x3x4(14.0+x2)—5.0<0
Range : 0.05 < x; £2.00,0.25 < x < 1.30,

2.00 < x3 < 15.000.05 < x4 <£2.00

(19)
Hr,
X2 , P
7(X) = \/T’2+2‘r’T”— +7172, 7" =
MR X2
"= M=P(L+=
T (L+7)
R= x§+(x1+x3)2 J=21V2 x§+(x1+x3)2
“\3% 2 )77 217 2
6PL
X3x4
2.6
4PL3 4.013E X3)C4 E
5(X) = 5, Pe(X) = —— |12\ [—
Ex3x; L 2L V4G
P = 600001b, L = 14in, E = 30x 10°psi,G = 12x 10° pssi
Tmax = 13600psi, 0 max = 30000psi, Omax = 0.25in

(20)
#9 £ CEC2017 ¥ L
PR3 fabr HSHHO HHO SCA
FME 9.95E+07 2.84E+08 7.38E+09
i PRifE%E L77E+07 | 1.10E+07 1.00E+09
FEME 3.01E+02 7.86E+03 1.52E+04
% bRt 6.43E+01 4.14E+02 9.99E+03
A 5.60E+05 1.20E+06 9.77E+08
£ PRt 72 2.53E+05 1.11E+06 5.21E+06
FHME 6.58E+05 1.19E+06 5.77E+08
2 bRt 72 7.85E+05 1.05E+05 3.88E+08
FHME 7.09E+02 3.25E+03 8.63E+03
& ]I 3.60E+01 3.02E+01 1.36E+01
FHME 3.69E+07 6.20E+07 1.53E+09
fe bRt 72 1.03E+07 2.46E+06 6.36E+08

¥ HSHHO 7E/8#2%01T W 8 45 R 5 HHO.
RANDOMP?, GAPY, ESsPY BikExt L, tnge 10 fF

176 A4 AR5 % Software TechniquesAlgorithm

AN BN EIEBAT IR 30 IR

10 R T UM EIEAE R T ) Sk
B IS TIREE RS () KE (x) FE (x3)
FUEN A B BE (xcg) 3X 4 /N2 5 1R A BT I PR A AR (B
RAE). IFE 10 H A5, HSHHO 76X Lh i) J LRk S ik
73 30 11 Fe A0 AEL A2 e 7 19, B8 33— 2P 3R B HSHHO 7£
i R R R U ) X o vty 24 T S A 1) S B T S B
I R A R AR, RS ek AR R T 3 AR

F10  SRARAR B U SR A L

Bk X, X %" Xy wARE
HSHHO 0.2017 - 3.4923 9.046 0.2056 1.7229
HHO \ 0.2040 35310 9.0274 0.2061 1.7319
RA‘NDOMA 0.4575 47313 5.0853 0.66 41185

GA 0.2489 6.1730 8.1789  0.2533 24331
ESs 0.1997 3.6120 9.0375 0.2060 1.7373
:‘: A)

4 én Eﬁﬁ%

T O e LT A A B ISR AR RSO
FENS . 5 BN Rl e AL S R, AN SCER T — Rl T
TR B SN (1) S0k e B30 1 A4k 5% (HSHHO). FH
Sobol J7 41| (1351 51 1 Az R AT B35 20 73 AT 44 28 A5 1) 1)
FREE, TR PP 2 AR, 52 M BRI SOR B BT
HHO 7E Ji5 B R AT I B B 5 3078 5 B N R i
PLEY L, 51N limit HLAE, 75 IR KU 3 HA
D3N B HUASH S A (1 fE, U4 AT 4 R 3R o B B 8
JRy B R fwﬁﬁm&rﬂ%zmuu@ﬁwﬁi
eI, $ien ST Wi sHORS 2Bt J=) 0 1 1
TEZ2AN b S HE D X R 2 DL S B 44 (1 CEC2017 BR%L
xR R S (HSHHO) 3EAT IR, SZi6 45 R B,
HSHHO Sy:3A Rtk ae, A kit 7 HHO Ksk
B W DSt 1 SR gt — 20 N B AR 2 R U U 1) X o
5 LR SR IR S B AR SEPR ) E, AR IS T8
TF R BOCR. R R ) AR 2 s i gk — 20 N T
B 2 1) 5 B ]

SE Rk
1 Jiang QP, Shao F, Lin WS, et al. Optimizing multistage
discriminative
assessment. IEEE Transactions on Multimedia, 2018, 20(8):
2035-2048. [doi: 10.1109/TMM.2017.2763321]
2 Krishna AB, Saxena S, Kamboj VK. A novel statistical

approach to numerical and multidisciplinary design

dictionaries for blind image quality
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