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K Wilcoxon Bk A 56 21 o Jg 7 5 Hofth 4 Fh ik
R i BB 2 5 . BITE B3 K F P=5% (1)
THOLT, AR R Z MRS HERE, 45 Rk 4 s .

i 22 4 AT 41, F HSSA R 4 s vk i 1k
B, ATLAR I PAE RIS 3 5 /NT 5%, HSSA &

VA AE 8 5 vl I 3K R KA () 2 R Y 504

fie & L

F PSO Ml ABCHE ¥, WOAB T fidk 3 E

HSSA B kA B E 27, (A HF ke T
HSSA Bk o 7EH Ay 7 F 5L o 12X R % |, HSSA
BIAET WOA Bk, —FR B B2 R AR, &
N2 PR TR REA Y . L, 7E AR fipR EL
I, HSSA B Fl SSA B 1y SO0 PE e AH Y, 7E 3L
A 6 Tl 5 v 3 R B L, HSSA 3800 1 S M R AR
T SSA &k,

%= 4  Wilcoxon #1055 P&
Table 4 P values for Wilcoxon rank-sum test
FERLE 1 A 301 k2 P 8O
PRI
PSO WOA ABC SSA PSO WOA ABC SSA
fi 12118x10™%  12118x10™%  12118x10"%  1.2118x10" 12118x10™%  12118x10"  12118x10"7  1.2118x10"
) 12118x10™%  12118x10™%  12118x10™%  1.2118x10™" 12118x10™%  12118x10™  12118x10"%  1.2118x10™"
f3 12118x10™  12118x10™%  12118x10™%  1.2118x10™" 12118x10™%  12118x10™%  1.2118x10"7  1.2118x10™"
fa 3.0199x10™"  3.0199x10™"  3.0199x10™"  4.0772x107" 3.0199x10™"  3.0199x10™"  3.0199x10"  6.0658x107"
f5 3.0199x10™"  3.0199x10™""  3.0199x10™"  3.0199x107" 3.0199x10™"  3.0199x10™"  3.0199x10™"  3.0199x107"
fo 3.0199x10"  3.0199x10"  3.0199x107""  7.3891x107" 3.3384x10" 3.0199x10"  3.0199x10""  5.5329x10°*
fr 1.2118x10™ 3280 1x1077 1.2118x10™" - 1.2118x10™  1.4000x10™* 1.2118x10™2 -
fs 12118x10™%  1.9457x10”° 1.2118x10™" - 12118x10"  1.4552x107" 1.2118x10™2 -
222 RREKHEFFE XL 2 A SRS B A B LA L T 34 A RN 1

H A, SSA 1L b 78 4 38k A7 JLF ole i 587k,
AR SCE T I Y G RO B 1 o TR R SR
(improved sparrow search algorithm, ISSA) ™ ) 311
BAGHATXI I o A PRIESE S 2Pk, FERGR Y 50,
R RIEAR BB 500, HAR % S80S WSOk [23].
TE 8 i 5 o I 3K ok B8 b 43 S E AT 30 YR SR SE B,

%5

2, GRS R

Y5 ISSA Bk b nl AL, XFF fi ~ f5pRi %X, HSSA
LR ISSA Bk S Re A P e o, JF B AE
fi ~ AERECE R SR RRAR ALK, 1E fpR L 1 5
P REAS 4N ISSA 338, XF T f5 ~ fi PR EL, HSSA 57
N ISSA B 1 LR REAH 1 .

TEIE SSA B A M RELLET

Table S Performance comparison of different improved SSA

A 5 5 S

ik

R CFME S bRk mRE CFHE S R EIRME FE e R CFEE S bR
ISSA 0 1.13x10™" 4.42x107™ 0 6.28x107° 1.49x10™” 0 9.25x107% 3.20x10*  7.85x107 9.16x10° 1.44x10°
HSSA 0 0 0 0 0 0 0 0 3.17x107" 4.37x10° 6.98x10°°
- s Js f fs

wAE CFE AR wE CFHME S e BdIRME PN R wAE P bR
ISSA 2.11x107° 320x10™* 2.13x10™*  —1.26x10' —1.26x10" 2.70x10”" 0 0 0 0 0 0
HSSA 2.26x107° 5.04x107° 4.45x10° —1.14x10° —8.87x10° 7.01x10 0 0 0 0 0 0
223 R Bt Rk 6 A RO 9 AT 5| R HLE K HLE ) MSSA Bk ¥ 4 Rkt

T AE B E AR SN X SSA Bk Yk RE R TH Y
A —ERIVE, VIR — g Bt Y SSA TRk R4 T
X, BER B ek Y S B R OR W (1)
FSSA 53k . Hog| ke ak i) Jin A5 57 0 3 5 s 114
JSSA Bk . R 5| AR VE B 50K 1) ZSSA ik il

SIRAE 8 LI 3 R Bl 1 -5 SSA.L HSSA
SRVLABOGT L, 50 UE 45 5 W 1 A 80P R HSSA VA 1Y
e, 434 pRECIE 50 Yk, 4EBE 3 30, FhERIS
1 30, AR ECR 500, HAKSHE % 2, A4
PN 6 FroR .
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Table 6 Performance comparison of different improvement strategies

/i VA
e FHME Frifi2E QY RIEN FHE Frifi
SSA 0 7.5229x10°* 4.1205%x10° 0 4.5283x107 1.826 1x10™
FSSA 0 0 0 0 0 0
JSSA 0 1.096 8x10°% 6.0072x10™" 1.8655x10 7 5.6152x107" 3.0754x107"
ZSSA 0 1.2469x107" 6.829 6x107° 0 7.1562x107" 3.9196x10
MSSA 0 2.1033x107* 1.1520x107" 0 3.6053%x10 1.9747x107
HSSA 0 0 0 0 0 0
) £ Ji
sl FHEIE bRtz S d)RIED FHIE FrifE2
SSA 0 2.2314x107 1.2221x107° 2.728 7x107 1.2243x10™ 2.791 5x107
FSSA 0 0 0 6.6257x10°° 2.2162x10™ 4.1812x10™
JSSA 4.0143%x107" 9.687 6x10° 52114x107% 4.4375%10° 1.1542x10™ 2.3480x10™
ZSSA 0 1.369 5x10°° 7.560 0107 3.808 7x10°° 1.5027x10°° 3.7874x107°
MSSA 0 1.2196x10° 6.6790x107 3.2697x10° 7.8910x107° 1.598 6x10™
HSSA 0 0 0 3.0903%10”° 1.8279x10° 2.8747x10°
] s Js
Bk
A FEHME FrifE2s ST QY RIEN FHE Frif2e
SSA 2.9224x10° 6.8172x10" 5.2774x10°* -8.929 0x10° ~7.856 3x10° 6.222 0x10°
FSSA 1.627 1x10° 2.4741x107 2.2118x10™ -1.021 4x10* -8.565 9x10° 7.770 4x10°
JSSA 1.756 8x107° 43131x10™* 4.5376x10"* -1.055 5x10* -8.625 0x10° 6.170 8x10°
7ZSSA 8.687 5x107° 3.050 8x10™ 3.1683x10™ -9.504 5x10° -8.498 3x10° 8.148 2x10°
MSSA 4384 4x10° 4154 1x10™ 42651x10™ -9.706 3x10° —8.404 0x10° 7.898 0x10°
HSSA 1.6312x10°° 7270 1x10° 6.070 1x10° -1.146 3x10* —8.694 6x10° 9.477 7x10°
. f fs
Ak
A FHIE bRt wAE FHIE FrifE2
SSA 0 0 0 0 0 0
FSSA 0 0 0 0 0 0
JSSA 0 0 0 0 0 0
ZSSA 0 0 0 0 0 0
MSSA 0 0 0 0 0 0
HSSA 0 0 0 0 0 0
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115 15 R A A FRBE 2R IV, 152 HSSA B3k R R4
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TR T (B A9 1) 18] 28 &5, WU HSSA B33 0] 46 4k BT 5 1f
[8]
T\ = O(g, + N(f(D) + &,D)) (16)
SSA B Kk M B Ay, Hodr, 3 ARl
B, A T T IR 2 B K ey ey &5, BE—YEA B
BT B ) Ry eso PRI, 2 B B B P 5 B ] 52 2%
L)
T, = O(r\N(&3+ &4 + &5+ &)D) (17)
SSA BIE M A LB Ry, Horh, 7 2 4B
BLES, A= il i 75 B 18] 53 501 R e &, A3 2B KA
F H, 19 A= BT 75 I 8] 8 89, B — 4407 B 03 T 7
WF] R g0 PRI, iAW B JUT 5 B ) 52 2% B oy
T3 = O(r,N(g; + &3+ &+ £19)D) (18)
SSA B WAL B T A AT MU, il
BF ) 24 BN T, 5 RSB A, B — 484 B4
Y P AE T I R N e BRI, BEARGE B B B T 75 )
6] 52 2 iy
Ts = O(Ng, D) (19)
BEALLIR K AL, BE LA BT 5 B 0] R e,
IR SR B SR T AT B B R g5 PR, AREAELIR By
B it i (8] 52 2% B R
Ts=0(gn+&13) (20)
PR, HSSA B33k R I R &2 24
T =T, +im (T + T3+ T4+ Ts + Tg) = O(D + f(D))
(21)
AT =T, Af L HSSA 554k Al SSA 57 ¥k (1 i}
() 42 Z% FE A TR o Pl G IE B HSSA B3 1) 1% 58 42 7+
FEAR S 30 A 4 A B (R R SE B
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PERE WS BEPLYE, HL I 5 Z e 7 i 22 4 B (50
P oy S WM RO 2% . Bk, S 56 48 F HSSA 51k
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T AL FEL A 57 B 4R R O UI R 4 R IR 4 0 AT
AT o I EHE R T B SO 4y 5 2%, Rk
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Table 7 Label of action category
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RS E T K . WUHLAE 5 7 A AT T AR
iE BB AE, a5 UL AR S By S50 SR ) AT L]
WK 132 3l L, S T 4 i S0 B % A AH I 3
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Fig. 10 Classification and prediction results
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Table 8 Comparison of classification and

prediction accuracy of algorithms %

S| SRR TIIRG e SPETRIRG e
ELM 54.67 42.67
PSO-ELM 78.00 70.89
WOA-ELM 82.33 77.56
ABC-ELM 76.67 72.42
SSA-ELM 84.00 80.17
HSSA-ELM 96.00 90.87
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Improvement and application of hybrid strategy-based sparrow
search algorithm
SONG Ligin', CHEN Wenjie" ", CHEN Weihai’, LIN Yan’, SUN Xiantao'

(1. School of Electrical Engineering and Automation, Anhui University, Hefei 230601, China;
2. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China)

Abstract: Aiming at solving the problems in the original sparrow search algorithm (SSA), such as low search
accuracy, weak global search ability, slow convergence speed and easy tendency to fall into local optimum, a hybrid
strategy-based sparrow search algorithm (HSSA) is proposed. First, an improved Circle chaotic map was used to
initialize the population and increase the diversity of the population. Then, the salp swarm algorithm was integrated
into the search formula of the discoverers to enhance its global search ability and scope in the early stage of iteration,
and an adaptive step size factor was introduced into the search formula of the participants to improve the local search
ability and convergence speed of the algorithm. Next, the mirror selection mechanism was applied to boost the
individual quality after each iteration, thereby improving the search accuracy and speed of the algorithm. Finally, a
simulated annealing mechanism was added to the location update, thus enabling the algorithm effectively to jump out
of local optimum. The test results of eight functions show that the HSSA has better optimization performance than
SSA. By combining the improved algorithm and the extreme learning machine, the classification and prediction
accuracy of human surface electromyogram signal data increased from 80.17% to 90.87%, which proves the feasibility
and good performance of the improved algorithm.

Keywords: sparrow search algorithm; Circle chaotic mapping; salp swarm algorithm; mirror selection; adaptive

step factor; simulated annealing mechanism; extreme learning machine
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