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Tab. 1 Distribution range of mapped values

SyAiXiE [0.0,0.1)  [0.1,0.2)  [0.2,0.3) [0.3,0.4) [0.4,0.5) [0.5,0.6) [0.6,0.7) [0.7,0.8) [0.8,0.9) [0.9,1.0)

M 1973 895 739 716 627 657 647 770 912 2 064

% 19.73 8.95 7.39 7.16 6.27 6.57 6.47 7.70 9.12 20.64
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Fig. 1 Mapping range under different values Fig.2 Range under 2D mapping
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Tab. 2 Function details

faii b OG(N +

Benchmark function Dim Range min
1) = max{| x; |, 1 <i<n)} 30 [—100,100] 0.000 0
Fala) = EL(ZLI | 2sinCz) +0.1z; | 30 [—10.10] 0.000 3
faa) = m—%xH%xl+s>2+1o<1—;—ncosxl+1o> 4 [—5.5] —10.536 4
*3 TWHER
Tab. 3 Experimental results
Function Index DA SOSDA COSDA MIDA
£ Best 7.156E+01 3.630E-04 1.695E-05 8.618E-40
Worst 9.337E+01 2.526E+00 2.083E-01 5.021E-36
Mean 8.434E+01 4.840E-01 3.139E-02 7.515E-37
Std 5.188E4-00 5.539E-01 4.661E-02 1.320E-36
S Best 4.403E-03 6.915E-04 5.331E-04 3.075E-04
Worst 9.296E-02 3.408E-02 3.698E-02 1.127E-03
Mean 2.950E-02 8.000E-03 9.523E-03 8.456E-04
Std 2.300E-02 9.413E-03 8.548E-03 3.213E-04
fs Best —2.089E+00 —4,986E+00 —6.378E+00 —1.054E401
Worst —6.276E-01 —1.549E+00 —9.415E-01 —1.054E+01
Mean —1.008E+00 —3.387E+00 —2.082E+00 —1.054E401
Std 3.612E-01 1.032E+400 1.298E+00 8.317E-07
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Pl 4 RO 7 AT, MIDA YW SSORS B2 0 vay o FL S0 B8 o oA, ) Bsf i B2 11 A A o 22 4 H b e] LU
MIDA 5t (9 B AH 2545 o it 7T 0 MIDA (888 58 PR A =i 78 X 25 4k 22 0 eR BCIE AR I . MIDA 453 H (9 85 A0 {8
2 B B o DR T L MIDA 1 300 BE A 4.

1 &L 5 AT LA MIDA X4 531 ofi B8 Wi SCRE g 5 HoAth 4 Fh 33006 4500, (H 2 AR 3R 11 AT LUt MIDA
R A T B O v, AR AR A P SR DA TR 4 MIDA X f 1 I SGHE BE RS AR T GWO L {HJ2 MIDA Fe & i i 5
HELBAT 30 IR M 2 AT GWO, 7] WL MIDA 7E pR £ £ Ak Hp A T 38 32 401 56 1 47 . BfE 2 11 o 9 25 (E
B8 7 MIDA TE X E 2 22 06 R Z0U0 A0 i) A5 B8 PR 415 d5c A 1 W S M BB T 6 ~ 8 AR 26 K1 3R W] MIDA (%3 e
PR WAL T HoAl 4 FpARE.

3.3 Wilcoxon # F13&

TEPPAS O R e AR n PERE I, LA 5 S (B2 AN 8 (- DRI, Sl I T 48 4 B 0k i 45 1 5
R BEg T B B ARG S AT G I O 1 A A — R R AR, R ST T Kruskal-
Wallis 6 55 47 22 20 LU, FIWT 5 MRTE B A A 1 35 M 22 .

Y 45 AT A IAY p=9.02E 7 <C0.05, BEIFE B F K 0.05 TR IE4 T FEESL B 5 Ak A
FERTE AT

FEHLAT 0 2 25 S n Rl L R a2 KT 0.05 1Y Wilcoxon B FINAS 35 #F 17 2 8 L. Wilcoxon #k
6 i) A2 F T LRSS ST AR AR 1Y 22 S SR D T OB T A S A A 22 5 A 22 S AT DL R
% At Wilcoxon BRAIAL S . FI MIDA FIHAM 5L £ 47 %) LE L SEER 45 R B9 p {H/D T 0.05, WISIE W] P Fp 35
BERAG R LR 4 MIDA 5 H A 52028 F S5 U0 (R AT Bk R 30 i) 45 2R 47 — 7% =43 33l S AR S
FVE S WS R ST FaE 4/ 22 /R0 4 BRAS 36 1 s, 2 35 7K P 0.05 I s MIDA 5 HoAth 4 Fh 5503
HA xR,

& 4 Wilcocon BHFE LW HE R

Tab. 4 Experimental results of Wilcocon rank sum test

FE DU 44 B 4L MIDA-DA MIDA-FPA MIDA-GWO MIDA-MFO
11 3.019 9E-11 3.019 9E-11 3.019 9E-11 3.019 9E-11
S 6.680 9E-11 6.680 9E-11 6.680 9E-11 6.680 9E-11
fa 4.461 8E-11 4.461 8E-11 3.019 9E-11 4.461 8E-11
4 4.461 8E-11 4.461 8E-11 4.461 8E-11 4.461 8E-11
fs 3.019 8E-11 3.019 8E-11 0.002 8 9.918 6E-11
S 1.211 7E-12 1.211 7E-12 1.685 2E-14 1.289 0E-12
iz 1.211 7E-12 1.211 7E-12 1.945 7E-09 1.211 7E-12
fs 4.080 5E-12 4.080 5E-12 4.080 5E-12 0.001 1
S 1.211 7E-12 1.211 7E-12 0.081 5 4.246 6E-12
f1o 1.211 7E-12 1.211 7E-12 5.852 1E-09 1.211 7E-12
fn 3.008 5E-11 3.008 5E-11 3.0085 2E-11 1.247 4E-10
f12 2.870 0E-11 2.870 0E-11 2.870 0E-11 4.311 8E-11

+/—=/= 12/0/0 12/0/0 11/1/0 12/0/0

34 KBFEHFPHAAHENMENS YDA

M F /N5 MIDA S R 850 £ 46 v T LA, MIDA 475 5058 () S0 v g, 42 7 ok A MIDA f# o i
F H AL 335z Bl 9 SR ik AR AUBROE A9 32 3 F i v nl DAY O IE s 3o 5 i E B o R iE Bl o 0 4 E L
i N DR 7 i ) R B S A S AUAT e ) L R 28 2 300 Bl S MR 4 Y R I RUAT A4 B L R SR
i 5 DL e A5G 5 78 Bk Y B fR.
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(D& =, fhliess 0, fff = 5 x P47

Wz WMFER d, x5 2, BE;

DW=, WP Ba, M= 5= FHE;

(DGR &, WiEs o, M = 5 2, L4,

3 35 B A i e TV 1) 20 BRAS 2 1 i e B

cos;, —sinf; 0 O 1 0 0 O
sin 0; cos 0, 0 0 0 1 0 O
Rot(z, ,,0,) = , Trans(z; 1 ,d;) = ’ (13
0 0 1 O 0 0 1 d;
0 0 0 1 0O 0 0 1
1 0 0 a; 1 0 0 0
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Tab. 5 D-H parameters of the five-degree-of-freedom manipulator
i 0; a; a; d; i 0; a; a; d;
1 0, 0 —p:/2 L1=0.5 1 9, L.,=0.2 0 0
2 02 0 0 0 5 05 Ls=0.2 0 0
3 0; L;=0.3 0 0

i D-H ZHCER S ARG T 0] DGR A B R T T1 VT2 T3 VT3, WA S 19 5 69 437
AR T3 A bR 2R AR R TO W T T

. ) r n, ) »
T, =TT:T:T:T; = ,
n. o. a. P,

0 0 0 1
Hp (PP, P FoR AU R S (37 28 AH X 58 e A b 8 1 02 B
i D-H 28R KRG T 53 200z,
P, =cos(0,)(Lscos(@,+0,+0,+0;)+L;cos(d, +0,)+L,cos(d, +0,+0,)),
P, =sin(0,)(Lscos(0, +0; +0, +05) +Liycos(d, +0;) + L,cos(f, +08;+6,)),
P.=L,—Lssin(0,+0;+0, +0;) — Lssin(0, +0,) — L,sin(0, +0; +0,).
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(17

f=J(x—P) +(y—P) +(z—P)", (18)
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Tab. 6 Experimental results

% 5 H bR & 4 (0.5,0.5,0.5),
LY

Algorithm DA FPA GWO MFO MIDA
BEST 0.008 264 652 0.012 531 46 0.010 995 456 0.007 906 788 0.007 106 781

WORST 0.072 961 202 0.065 628 714 0.139 687 07 0.101 431 085 0.065 280 687
AVE 0.0404 833 95 0.035 141 242 0.062 052 231 0.038 704 294 0.027 521 551
STD 0.020 829 173 0.012 771 128 0.028 245 656 0.045 061 065 0.017 208 819

SE A5 R R MIDA X BE HUARRS 3 32 3 2% i A0 AL B2 e PE RS IR T FPA (B 76 AL 8UR 5 i AR
i — MIDA 46 15 i B 45 B 1k MFO & i 10.12%, 1 GWO m i 35% , & FPA 5 GWO & s
— R R FPA AR E B IR S MIDA 4235 (H 2 B AR M LA BOR e A & MIDALE 11,12 2 MIDA %
XoF A E b a5 004 A WSSk 28 18] AT RAAS R B dE B9 MIDA AR Hofth 4 A% o3 vk A 3 D 3 AR ey s
S5 MIDA TE R 8 T P A0 35 SR W A [ R 306 328 32 Jy T 1) oK i 0 3 oy f 35

4 #&

AN S T2 08 A0 Gt Ao AR A 3 B 8 Ak R R A 38 e I A DX 5 o 2 AP0 A AT
I e ik 7 T e v 5 %ok 245 SR A 2l 28 S (0 5 0% )k ot = ¥ i L 7 B

DLA o 68 50k A B 5
3 /N5 X W E Sk AT T AL I



x5

% 5

3 FALR . F RMF BTN S Rk F ok 55

12 A~ 3 o R R0 I R i 30052 B2 X — SE PR I FIE ] T MIDA BA 55 A4 WS SCRE 77 L BB A4 WAL S50 132 T
A B AR E M AL A RCR 7 THIRG B2 it 10,12 00 AR SEBR B v 5 BEAUARE 1 At s 2803 A BTUHB A 0 i e

it 1Y 51 A2 B EJRAE AR SO RS 1 T A el 2 ) AILACRT o 7 2 18] v 9 48 3R BE 0 A R R O s 22 X

ZYin

LN

£

FI T EEDUBUEF ' B R 2 1)l B A LA AT 5

(1]

[2]

(3]

[4]

[5]

L6]

(7]

(8]

9]

[10]

[11]

W IEF) A 2R P WIEF) A 2R ]
0 F
10 — DA 100 b
e — MDA i e
= il
. — GWO =
< — PO = . — DA
s 10t FPA 5 10T — MIDA
5 = < — GO
ﬁ \_‘ S — MFO
= BL o0t FPA
1% 1 &l
+< =
m m
J'[T' 10 2 L l[?
1 1 1 1 1 1 1 1 1 1 107"5 L 1 1 1 1 1 1 1 I 1
0 400 800 1200 1600 2 000 0 400 800 1 200 1600 2 000
AR AR
B HARECA (0.5, 0.5, 0. 5) FUR S 2E & B2 HARECA (0. 1, 0.2, 0. 3) (Y Sk 25
Fig. 11 Convergence curve with target points of (0.5,0.5,0.5) Fig. 12 Convergence curve with target points of (0.1, 0.2, 0.3)

Mt F
Mz I .10 WL H T (DOI:10.16366/j.cnki.1000-2367.2023.05.005).

o

=z

% x #

MIRJALILI S.Dragonfly algorithm:a new meta-heuristic optimization technique for solving single-objective, discrete,and multi-objective
problems[ J].Neural Computing and Applications.2016,27(4):1053-1073.

W55 SRR Ik, R BT T e el 25 095 E 1k 4 /N A2 TR 1 BT LA REAE B R AR ) ] & R4, 2022, 43(14) 1 219-225.

CHEN Y, WU C E, XIONG Z X.Selection of near infrared wavelengths using attenuation elimination-binary dragonfly algorithm for
wheat flour protein content prediction[ J].Food Science,2022,43(14) :219-225.

R T R R AR I AT 9 M B 3 R T T D R e S R A 18 DA i R B £ 2021, 56 (4) £ T45-757.

GAO X, YU J,LI X L,et al. Rayleigh wave dispersion curve inversion based on adaptive weight dragonfly algorithm[]].Oil Geophysical
Prospecting,2021,56(4) :745-757.

A 0 L IR 2 R T B R AR E SR R ACHE FCM ¢ JRU R, Bin 90 i vl 0 0 Je R RIT 58 L L8 0 07,2021, 49(6) : 83-90.

XUE H F,WU X Y.Extended planning of wind power coordinated transmission network based on discrete multi-objective dragonfly algo-
rithm and improved FCM[]J].Smart Power,2021,49(6) :83-90.

YUAN Y L,WANG S.LYU L Y,et al. An adaptive resistance and stamina strategy-based dragonfly algorithm for solving engineering op-

timization problems[ J].Engineering Computations.2021,38(5) :2228-2251.

ZHANG Y,PENG R.Anomaly detection based on improved dragonfly algorithm and multi-core fuzzy clustering algorithm[ ] ].Mathemat-
ics in Practice and Theory,2021,51(19) :208-219.

NAGA LAKSHMI G V,JAYALAXMI A,VEERAMSETTY V.Optimal placement of distribution generation in radial distribution sys-
tem using hybrid genetic dragonfly algorithm[]J]. Technology and Economics of Smart Grids and Sustainable Energy,2021,6(1) :9.
CHANTAR H,TUBISHAT M,ESSGAER M, et al. Hybrid binary dragonfly algorithm with simulated annealing for feature selection[]].
SN Computer Science,2021,2(4) :295.

SALGOTRA R,SINGH U,SINGH S.et al. A new set of mutation operators for dragonfly algorithm[]J].Arabian Journal for Science and
Engineering,2021,46(9) :8761-8802.

Warm, s filt, Tk, 55 0 F oot RS R IR A & B R G AL T LI ] AR M K2 23R (A SRR 1D L 2021,49(6) - 775-781.

HUANG Y Y.WU J.WANG B,et al.Sizing optimization of hybrid generation system based on improved grey wolf optimization[ ] ].Jour-
nal of Fuzhou University(Natural Science Edition),2021,49(6):775-781.

XIAO H H,WAN C X.An improved flower pollination algorithm based on multiple strategies[ ] ].Journal of Software,2021,32(10):3151-3175.



56 T IR IL K FIRCA RAF RO 2023 %

[12] ZHANG B D,ZHANG Y N,GUO L M, et al. Moth-to-fire optimization algorithm based on crossover operator and non-uniform mutation
operator[ J].Computer & Digital Engineering,2020,48(11) :2622-2627.

[13] LIN T,CHEN T,LIU ] Y,et al. Extending the Mann-Whitney-Wilcoxon rank sum test to survey data for comparing mean ranks[ J].Sta-
tistics in Medicine,2021,40(7) :1705-1717.

(14] M& IVELEC T A B AU 12 3% R S @ 5 05 L0 0. R BL S LA, 2020 (1) - 261-262.
TAO C,SUN Q Z.Modeling and simulation of kinematics system of five-degree-of-freedom manipulator[ ] ].Internal Combustion Engine
&. Parts,2020(1) :261-262.

(150 Xemeste . Aot i 5=, %8 0 A iy BELAIRE = 4R BB 05 JOSL 7 B I R [T ] S H R 5 45 8. 2018,35(3) : 118-122.
DENG X Y,LIN C G,SHI X Y.et al.3D modeling of 5-DOF mechanical arm and construction of simulation experimental platform[]].Ex-
perimental Technology and Management,2018,35(3):118-122.

(161 ZEF0. 257 . —F I A th AU 32 32 5 M 45 80 gl 7R L. 00 — 184k . 2017, 2311+ 3-7.
LI W L,LI N.Kinematics analysis and inverse kinematics solution of a 5-DOF manipulator[ ] ].Mechatronics,2017,23(11) ;:3-7.

[17] XVEF ek B - TRG A X B B DU 2 )25 e 5t i e e Sk L) 1A A PUKR S B g fkin T8 AR . 2021(9) 1 11-15.
LIU G P,YANG X Y,ZHONG F F,et al.Kinematics screw inverse solution and simplified algorithm of 6-DOF manipulator[ J]. Modular
Machine Tool & Automatic Manufacturing Technique,2021(9) :11-15.

[18] CHANF J,WANG Y Z,LI B.Fine manipulation method of 7-DOF robotic arm based on force/position hybrid algorithm[ J].Robot,2016,
38(5):531-539.

Multi-strategy dragonfly algorithm for solving inverse kinematics

Huang Huajuan®, Min Feng®
(a. College of Artificial Intelligence; b. College of Electronic Information, Guangxi Minzu University, Nanning 530006, China)

Abstract: Dragonfly algorithm is a new type of swarm intelligence algorithm, which has shortcomings such as low solu-
tion accuracy, slow convergence speed, and unstable optimization. In this regard. a multi-strategy improved Dragonfly algo-
rithm is proposed in this paper. Firstly, the initial population of the algorithm is improved through logistic chaotic mapping. so
that the algorithm can lock the optimal solution area faster. secondly. the symbiotic search algorithm is integrated to increase
the information exchange between individuals. Finally, the cosine disturbance is used to avoid the premature trapping of the
dragonfly algorithm local optimal solution. And the feasibility of the algorithm is verified by orthogonal experiments. This pa-
per verifies the effectiveness of MIDA with 12 benchmark functions and the practical application of solving inverse kinematics.
The results show that MIDA is far ahead in function optimization, and its optimization effect is 10%-35% higher than other
comparison algorithms in solving inverse kinematics problems.

Keywords: dragonfly algorithm; chaotic mapping; symbiotic organisms search; cosine perturbation; function optimiza-

tion; inverse kinematics
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Attached tab. I Benchmark function details

Benchmark function Dim Range min
fr=2" 30 [—100,100] 0.000 0
fo=20" lai 11 1l 30 [—10,10] 0.000 0
fo= 200 (X at 30 [—100,100] 0.000 0
o= max{| x; |, 1<i<n} 30 [—100,100] 0.000 0
f3 =21 x|+ random(0,1) 30 [—1.28,1.28] 0.000 0
fo= 720exp(7 0.2 /% DI ) —exp<% Etzlcos(?nl,))+20+2 30 [—32,32] 0.000 0
1 n N n T,
S1= 000 2 @D = Hizlcos(f) +1 30 [—600.600] 0.000 0
1 25 1 -
fo= (ﬁ+ E”;‘+Efl<1,a,,>6j 2 [—65.65] 1.000 0
fo= 2" (T N aysinGeo + 0.1 D 4 [—10.10] 0.000 3
fro = Ei’ﬂz?(Zji]O.Si\r,)z +( 050 )’ 2 [—5,10] 0.398 0

Su=[1+ G+ + D9 — 14y + 327 — ldas + 6122 +322) ] X
. ] 2 [—5.5] —3.860 0
[30+ (222 — 322)2(18 — 322, + 1527 +48x, — 36x 122 +271‘§)]

fiz=— Z"tlc,cxp[szla,ﬂx] —pi)"] 4 [0.1] —3.320 0
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Attached tab. I Experimental results

Function Index DA FPA GWO MFO MIDA
f1 Best 1.400E+03 7.582E-01 4.004E-83 4.346E-33 1.065E-152
Worst 7.000E+03 1.709E+01 4.086E-73 7.478E-26 6.537E-135
Mean 4.086E4-03 5.689E+00 2.556E-74 5.660E-27 2.673E-136
Std 1.656E+03 3.760E+00 9.158E-74 1.541E-26 1.196E-135
/e Best 7.207E+00 1.576 E-01 8.047E-47 1.497E-17 9.198E-77
Worst 3.033E+01 1.214E+00 1.524E-41 1.672E-14 2.811E-68
Mean 1.470E+01 7.086E-01 1.694E-42 9.016E-16 9.468E-70
Std 4.950E+00 2.469E-01 3.437E-42 3.063E-15 5.131E-69
/3 Best 6.330E+02 1.387E+00 4.063E-48 8.975E-18 2.538E-154
Worst 1.107E+04 1.486E+01 1.776E-39 5.563E-10 1.280E-134
Mean 3.922E+03 4.484E400 1.130E-40 4.799E-11 7.638E-136
Std 2.295E+03 2.781E400 3.658E-40 1.201E-10 2.906E-135
[ Best 2.147E+01 1.231E+00 3.050E-33 3.472E-12 6.213E-75
Worst 5.190E+01 8.314E+00 3.223E-27 3.100E-06 1.506E-67
Mean 3.873E+01 4.164E+00 2.853E-28 1.039E-07 7.678E-69
Std 8.172E+00 1.672E+00 7.005E-28 5.659E-07 2.902E-68
fs Best 2.271E-01 2.732E-03 4.248E-05 2.594E-04 6.139E-06
Worst 1.788E+00 3.582E-02 1.645E-03 7.427E-03 6.501E-04
Mean 9.823E-01 1.398E-02 4.411E-04 2.034E-03 1.751E-04
Std 4.559E-01 7.668E-03 3.962E-04 1.547E-03 1.617E-04
I Best 1.233E+01 4.634E+00 4.441E-15 8.882E-16 8.882E-16
Worst 2.002E+01 9.247E+00 4.441E-15 1.750E-13 8.882E-16
Mean 1.751E+01 6.826E+00 4.441E-15 2.481E-14 8.882E-16
Std 2.143E+00 1.208E+00 0.000E+-00 3.451E-14 0.000E+00
f1 Best 7.884E+00 3.529E-01 0.000E+00 2.958E-02 0.000E+00
Worst 7.655E+01 9.828E-01 1.536E-01 3.769E-01 0.000E+00
Mean 3.374E+01 6.205E-01 3.051E-02 1.254E-01 0.000E+00
Std 1.469E+01 1.588E-01 3.602E-02 7.393E-02 0.000E+00
I Best 1.305E+00 9.980E-01 9.980E-01 9.980E-01 9.980E-01
Worst 2.211E+01 2.747E+00 1.267E+01 1.076E+01 2.982E+00
Mean 1.089E+01 1.396 E+00 4.261E400 2.116E+00 1.230E+00
Std 4.590E+00 5.536E-01 4.217E400 2.023E+00 5.641E-01
fo Best 2.404E-03 5.924E-04 3.078E-04 6.430E-04 3.075E-04
Worst 4.726E-02 2.533E-03 2.036E-02 8.334E-03 1.166E-03
Mean 1.702E-02 1.197E-03 3.134E-03 1.343E-03 7.296E-04
Std 1.052E-02 4.065E-04 6.877E-03 1.396E-03 3.768E-04
S0 Best —9.603E-01 —1.032E+00 —1.032E+00 —1.032E+00 —1.032E+00
Worst 3.725E-01 —1.032E+00 —1.032E+00 —1.032E+00 —1.032E+00
Mean —4.368E-01 —1.032E+00 —1.032E+00 —1.032E+00 —1.032E+00
Std 3.661E-01 9.589E-07 3.187E-08 0.000E+00 0.000E+00
fu Best 3.035E+00 3.000E+00 3.000E+00 3.000E+00 3.000E+00
Worst 2.941E+01 3.056E+00 3.000E+00 3.000E+00 3.000E+00
Mean 1.286 E+01 3.005E+400 3.000E+00 3.000E+00 3.000E+00
Std 7.972E+00 1.093E-02 8.445E-05 4.801E-15 1.754E-14
f12 Best —3.855E+00 —3.863E+00 —3.863E+00 —3.863E+00 —3.863E+00
Worst —3.410E+00 —3.861E+00 —3.855E+00 —3.855E+00 —3.863E+00
Mean —3.712E400 —3.862E+00 —3.862E+00 —3.863E+00 —3.863E+00
Std 1.228E-01 3.465E-04 1.839E-03 1.439E-03 3.159E-14




