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Research on inverse kinematics solution of mobile robotic arms based on an
improved RL-DE algorithm
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Abstract: To address the inverse kinematics challenge arising from the joint redundancy in mobile platform-
arm coupled systems, the traditional pseudo—inverse matrix—based methods are sensitive to singularity. This paper
proposes an improved algorithm that integrates reinforcement learning (RL) and differential evolution (DE) to solve
the inverse kinematics problem for highly redundant mobile robotic arms. The optimization model in the DE

algorithm is constructed based on the physical model of the mobile robotic arms, with the fitness function defined as
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the error between the target pose and the desired end—effector pose of the mobile robotic arms. To overcome the
limitations of fixed evolutionary parameters in conventional DE algorithm and enhance both global search capability
and convergence speed, a dynamic mutation multi-strategy mechanism that adaptively adjusts evolutionary
directions at different stages to balance global exploration and local exploitation is proposed. Furthermore, the deep
deterministic policy gradient (DDPG) algorithm is employed to optimize the evolutionary parameters, in which
variation in population fitness and diversity serves as state inputs, and the improvement rate of the best individual "s
fitness acts as the reward signal. Simulation results demonstrate that the proposed method eliminates the need for
matrix inversion, effectively circumventing singularity issues and outperforming artificial bee colony, particle swarm
optimization, and self-adaptive differential evolution algorithms in terms of inverse kinematics success rate and
positioning accuracy. Additionally, it outperforms the self-adaptive differential evolution algorithm in trajectory
smoothness and tracking precision, and exhibits lower average error in trajectory tracking.
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Tab.1 The modified DH parameters

=2 XAy 6/(°) d/mm a/mm al(®)
1 P 90 0 0 90
2 P, -90 0 0 90
3 0. 0 0 0 90
4 0, 180 0 300 90
5 0, 180 134 420 90
6 0, 90 =23 0 90
7 P3 180 604 0 90
8 0, 0 725 0 90
9 Ps -90 507 0 90
10 0, 180 33 0 90
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Tab.2 The pseudo—code of the improved RL-DE algorithm

DAY : RL-DE B k3 ke 2 2] 3

—_

WAL DE A2 0K maxlter, F°=0.5, CR°=0.5
WAL DDPG MZALE 0, FruA Ty, % Ra,
kA5 episode, YR step
X} T4 84 episode = 1:2 000
WIthiik DEFhEE X°
X' =x°
F'=F° CR'= CR
X' AN B AR X!
HHEEREX X E R S
FRAE(21)HFOIRES state™'=[PC,FC]

10: $F AN step = 1: maxlter
A+ state’ i A DDPG BV, 158 Sl il
action'=[ F*' CR"']

O 0 N AN W AW

12: XA AR R AR RE X2

13: AR TR BEX X R S
14: M4 (21) TR state’*=[ PC,FC]

15: AR (22) A1 (23) RS !

16: TEfi# | state! T, action’ ™1, ! state’ T2 | B &5
17: state’ * ! < state' "

18: X't xti?

19: SE W B DDPG 45 4% i 0

4 Windows 10 64 bit £ 4t 19 4~ A i il (CPU i7-
4790, RAM 16 GB).
41 BiRfIESZE

S ARAIE H AR 28 s A RS ShHLAUE Y TAESE
W, B SRR 2 O ik B AL AR )i 200 2H OG5 £ B
R PR

q; = lb; + rand(0, 1) (ub; = 1b,)
q=1¢1:G2 G5 o]

FCH b, b, 23 ) s 51 iz shye /e b R A 4
2 (3) 1F 18 B 245 B (i 25 ARAE I °T, (§), DAkl
TN

min £, (T, (q). q)

s.t. ¢ €[lb,ub]

X AEE S S BT - B T HHR A AT
BT (KABC) 53125 10 JR A e JHE 5 O 50, WRLER ety
B R 50, AR BR 15 # h (psxdim )72 5 4 R 5
BT HEDEAL (CFPSO) SR BB T RIS 50, AR
H ¥ ¢,=2.05, 4L &K T ¢,=2.05, 4N T b = 4.1%;
A 5442 (cuckoo search, CS)B LY K& FAE R Pa=
0.25%"; DE*5 138N 2253174 (self-adaptive differ-
ential evolution, SDE) 745 5 K -5 58 R 73 il 15

(24)

(25)

4 0.4 F10.9; SMBAERY F 35 1 25 73 14K (adaptive differ-
ential evolution with optimization external archive,
ADE) 509728 5 5 ¥ {1, =0.6 , S8 R =
0.85%" ;5 [ 3 W ¥ = 25 43 ik 4k (self-adapting control
parameters in differential evolution, SADE ) 5. 7% Y 2%
5 ¥ F=0.140.9rand (0, 1) , 2& X # CR=rand
(0,1), FiRE Sl 507 A SCHE Y RL-DE Bt
T TR RE I O 50, BT A Bk kAR B R E
1.000. M (8) ARG LR 2E/NTF 1 x 107 m
AR PRI A L A . 5 SO RN INT

n’suc

x 100% (26)

suc_rate =

1 joral

K en,, FoRRAF IR BARL LS, 2
NI BRI 4K

SR E 3K 48 £ 30 HL, KABC,
CFPSO F1 CS Bk i B M) 2 314 0, DE Fl SDE .32 1
DB KT 10%, o] 125 50 AL B A e R g A%
ML (1438032 3 1) 1 B 3 A SOy
DR ZEBIA 1R 22 R MH YRR R B iR
2/ ME 5 F AR SDE By KRB Y, & 4 0l %0,
AR A o i A 2] AR R AL S8, TR O

#3 REMAT AR

Tab.3 The comparison of random points

BRZE/m

i i wi kR
KABC'?! 8.93x10°° 1.05x10"! 0.52 0
CFPSO! 9.30x107° 4.13%10"" 1.19 0

csk 3.91x107 3.90x107 0.03 0

DE™! 1.88x107' 1.70x107° 0.17 49.5

SDE!®] 9.79x107"7 7.30x107 0.80 92.0
ADE™! 2.22x107" 3.10x107 0.44 11.5
SADE!? 1.85x107'*  3.40x107 0.67 30.0
KTy ik 1.10x 107" 1.72x107 0.04 99.5
F4 HERETLE
Tab.4 The computational time comparison
Bk Ty a] /s
KABC™! 37.509 4
CFPSO™ 17.836 4
csi 35.809 4
DE!? 17.974 4
SDE!*! 34.883 5
ADE"™! 18.260 7
SADE!? 18.886 4
AR 36.091 4
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SGEIRI, PR L H bRy 2 s 39032 B2 19 - 35K fige piof
45K, 4 36.091 4 s. HLAM, SDE 59 5 A SO AR
R A8, 4 50 92.0% F199.5% , P Fh &7k R 1 25
S AN 9 B . I 9 T, LLOAE M 3L, SDE &
R 22 00 AT B, HoAR KA I 0.8 m, A& U5 ik
(R 15 22 43 A B AR TR AE O BFIEE , e KAB R 5 0.05 m,
R 2T 22 H /N AN 10 T 7 A AN TR) B 32 A R
4 A FEAIL B BR300 5E B2 n) R i) kAR A A
AL UL A SO B A A I TR ) 5 SIGH
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Fig.9 The box diagram of pose error comparison
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Bl
6, = 0: 7/100: 2
x, = 0.5
¥, = 0.2cos(0,)
z, = 0.55 + 0.2sin(0,)
B2
6, = 0: 7/100: 2
r, = 0.15 + 0.08cos(36,)
x, =04 (28)
Yk =T, COS(Tk)

z, =05 +r,sin(6,)

(27)

3
v, ==0.5:0.005: 0.5
x, =04 (29)
z, = 0.5 + 0.1sin(30y,)
1.4
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Fig.10 Tterative curves of different algorithms
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Fig.11 The illustration of three trajectory curves
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Fig.12 Trajectory tracking settings

[G], 4 25 7 B pR O A ST A . i ()
TR AR B R I A SR 22 | SRR A R LI %8
DRZEAEIL 1 x 107 m AR ER SO0 ) L, I i
2 (26) B PIR BRER ) LT, R ZE RN 13 o
7. P13 A RIAE 3 FR LR BR R SE R, AR SOTT ik
(TR 22 BT/

2.00
175 F — Ak
£ 150t — SDE
S 125
\_
E 1001
ﬂ?& 0.75 H
oK 0.50
%025 ‘A I
& 0 A
_0.25 1 1 1
1 51 101 151 201
TR BRER £
(a) Ll 1
12.00
L — A%
= 10.00 - »
L 800}
600 -
i
fﬂﬁ 4.00
Of
{& 2.00 -
?—‘ " M Al e
_2 00 1 1 1
1 51 101 151 201
PUTR2BRER A3
(b) il 2
— Rk
£ —— SDE
b
o
=
:
£
4
iy
e
i:_‘
1 51 101 151 201
I3 BRI A
(e) ¥ 3

A 13 Sk3z &2 £
Fig.13 The error of tracking points
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Tab.5 The comparison of tracking point error

SDE ARSI
BRAE %9%/m P RAe/m %
RRME ¥ifE Re/ME SN ¥ifE R/ ME
Bk 1 1.9 x 107° 3.4 x107° 1.0 x 107° 0 6.4 x 107 8.8 x 107° 42x10° 95.02
B3k 2 1.1 x 107° 13%x107° 3.7 x 107" 80.60 4.6 % 107° 1.5 %107 40 x 107 99.50
Lk 3 1.1 x10™* 45 %107 33 x 107" 91.54 44 %x107° 52 %1077 3.4 %1071 98.51
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98.51%. SDE 45 Ll ) B i 2y ¢ 24 LU AR SCT7 ‘z‘| Aq(i) |
TR, HLBGE 1 RYERER NN 0. D = (31)

P 14 45 1 1 7R 3CT5 1% F1 SDE 5303 I3 B 7 114
Y E] AT, S (0 R RN RO R ER A, 218 R RO
PRIEEEIL 1 X 107 m (R MR ES 5. 18] 15 09 3 Fh B
SRR A ST A BE AR AR 2 . SR AL 1Y i sh Bl
T RE  JE T B AR AR B AN 48 bR D 27

O 89 AH
a

e Aq(e) FoRAHRBERER 83 09 5 M1 B 2% 5 N oW B
R R KD RN, IS - T P RE
LT 2 6 Dy LI BR R S U0 A S AILAE OC1 is 3 i
BTSSR . LR a IR 15 IR 6 W IR SO R Y
ST BT e SDE B9% B 515 ks 5P 3i
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Fig.14 The comparison of tracking track
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Tab.6 The smoothness of joint motion
. B 1 L7RU) i3
P AT SDE A0k SDE ATk SDE
p,/mm 2.12 2.65 1.98 2.20 4.17 4.15
p,/mm 4.71 x 107" 2.14 x 107! 6.45 x 107 1.87 x 107 8.64 x 1072 122 x 10™
0./(°) 236 x 1072 9.50 x 1072 3.90 x 1073 4.83 x 1072 6.70 x 1073 7.27 x 1072
0,/(°) 9.00 x 10°° 1.41 x 107 4.01 x 1072 5.68 x 1072 6.41 x 1072 1.32x 10
6,/(%) 1.30 x 1072 1.06 x 107! 2.40 x 107 3.69 x 1072 631 x 107 4.90 x 107
0,/(°) 3.03x 107! 2.96 x 107! 332 x 107" 3.17 x 107! 6.07 x 107! 6.60 x 107"
ps/mm 1.98 2.01 2.32 2.71 6.00 4.03
6,/(%) 3.03 x 107" 2.96 x 107 3.01 x 107 297 x 107 5.55 x 107! 6.11 x 107
ps/mm 1.04 2.04 x 107! 1.95 1.68 1.67 1.73
05/(°) 1.53 x 107 539 x 107 420 x 107 4.61 x 107 6.80 x 107 7.43 x 107
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Fig.15 The joints variation results of mobile robotic arms
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