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Abstract

The trajectory optimization of robot arm is the core research problem in the field of robot motion
control, aiming at generating the optimal trajectory satisfying the kinematic and dynamic con-
straints to improve the motion efficiency, stability and energy consumption control ability. Aiming
at the shortcomings of the standard sparrow search algorithm in optimization accuracy and local
search ability, this paper proposes a robotic arm trajectory optimization method based on the
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improved sparrow search algorithm. This method combines 3-5-3 piecewise polynomial interpola-
tion, takes the time optimization as the optimization goal, meets the constraints of joint velocity,
acceleration and impact, and introduces dynamic weight adjustment strategy and butterfly algo-
rithm to enhance the search ability and improve the quality of the solution. Simulation analysis was
carried out based on URS5 robot arm, and comparison was made with standard Sparrow algorithm
and particle swarm optimization algorithm. The results show that the improved sparrow search
algorithm is superior to other methods in terms of convergence speed, global search ability and
optimization accuracy, and the total trajectory planning time is reduced by 15.67% compared with
PSO and 9.94% compared with SSA. This method effectively improves the smoothness and execu-
tion efficiency of the manipulator, and provides an efficient trajectory optimization scheme for the
manipulator to run complex tasks.
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LB PR L0 /28 30 2 5 3 1 2 A

JARAE 48 2R 512 (Sparrow Search Algorithm, SSA) & — Rl 4=k 3 I REAR R REAR AL VL[ 14], SZRRERE
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Figure 1. UR5 robot arm model
1. URS HLE1EE

TENUBE FUT R, 1 e T B LIS g A, DAR IR A Ui AT 28 AH T T 3 e (1 07 28 (B B 5 %
&) AR D-H ZH0EN URS HIMUE BT @R, Zr ikl NS HOEMKIE o « EMHM o
KNAE O KATMAL d, )k e WIS & 5C77 2 (i 1 28 A8 406 &R . RS URS HULME 454, 3L D-H
ZHFINE 1 in, URS £ MATLAB FI47 BB &) 2 fiw.

Table 1. UR5D-Hparameters
52 1. URSD-H ¥k

i ail(°) ailmm 6i () di/mm HANEE/(C)
1 90 0 61 89.20 +360
2 0 —425 02 0 +360
3 0 -392 03 0 +360
4 90 0 Oa 109.30 +360
5 -90 0 0s 94.75 +360
6 0 0 06 82.50 +360
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Figure 2. UR5 simulation model
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3. 3-5-3 T RAA ZIAFHEME X THIE
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Figure 3. Schematic diagram of piecewise interpolation
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05 (t) =30 + 85t 15 + @3t 15 + 55t 5

Rt 0, (t), 0, (1) F 0, (1) SRR 3-5-3 S EETAME BMA=KETR, F B LIRS
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4. BUARREEE
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JiR#E 5% (Sparrow Search Algorithm, SSA) 22 TR i AT A E K AL B, B TE B 24
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¥ i TR K, R B B AT, BRI R R Q BN AR

HEIEAS A RIBENLE, ORI INRENLYE, MM e St R R E L L ACREENIE D, For
FRERIBERR DA, W H SRR I N FEAS, 1 N FER AR AR R D B, 3 I R A 222 Y PR 2 R R

Xt = X! -exp| —i-—
a-iter

BRER: QL I AR BEALRREEAE R AP R X I N I RE LIS R FRonss i A RRAE AT & N fE . 1E
O JEE AP 3 IR AT B ZRR A 2 AT B AR MO TR — DR, FORIBRAE P AL IR 2 k.

R<M NIRH AT L, BRAE G 22 1 S 1 X R s AT IR R, @) Frns R I 1 (i 3
—REKM(R2M) I, BB 50 G BT R, RO@)PrR.

4) &JR 5 R RN

R SRl S A B 2R R 5 R R I L EOR IR A R AR . RGN AR BRITE LT,
SRR N 2 R P R (B P BRI DG, T2 SR 2 ) o TR 3 N AR /N SR N 9 f=)
MR, AT A

5) fL BB H 5 ak i

JPRE S0 AN DM T L A5 IS BT IRRAE (A B, 3 2 R = S AN 5 XS 195 D R e B R SR o (R
ARSEAN PREE A BB A PR AN I8 B BB R, e P RE 2 R BB R T 1], AT 3E e E A AN 1R A X 43k
PR 5 U o B R A~ N (10) A (1) o

v _xt
Q.exp[xworsf2 X|dJ |f|>g
XUt = ' (10)
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XXy = X AL ifi<s
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FE IR R S NRE R FIORIR M 2R IR RN R R AR /). I8 B R e o B SR A5, 5l
NSRRI SRS, 1S R A2 RS AE 2 R R R AR A R 2 IR Zh AP . IR S i 3 AE T HL R )
JEEHEREES), EE I RAE AR CERAOAT Ay, RERS T HILAL SR AR, AT RSO R

FEFRREEAE RS, Shas R B pRE SR MR RO . 72 R B, AR A St A7)
TR AR, EP R R OBCE, RET EARRA IR M, B9 R R AR
PRI AR AT A 53 I P (Fitness) O Bl 2 8 — AR 4 224 i g8 1003 82 P52 (R 11 e o 50O ) SR S 8
SERCE T . TN RE SR T AR TR, Sl TR R S T DUNR A 1 18 P2 AR A 175 0 R e 5 AT IR
SR SR R (T P PR A BEIK), R AR o =) 4 2R (1 P MR B0« A S BT I I AR, U I
BRI R 2 AR T R R, EEMHEREER, WAEN AR/, S8 O e st
fiee, T LA R A B AR DCAL AR IR B . XA T VR RE A ROt G e SR R SR U AR I A A, AT BT
M RE R AR

i N AR AL AT LU AR A 5

Affimess = fbest (t) - fbest (t _1)| (12)

R Ty (€)1 Fooq (1—1) S0 BIFERHE ORI -1 AR IIE BRI
PR SRR L ARG, TR BRI AL, RS G B B AR
PR, AR L A BT DRI\ B I A 8 B P K RS I RS P P 4 R 2
BT, G R AR B L A e S 7 B T
VLS RIS R AR Y E P M

L Zt: A.I:fitness ( [ ) (13)

smooth i=t=Ngmooth +1

R, Ny FORB A TG AN, B0, DEBIRTIE, R o] 20—, 37 FIR R,
JRIE R, AE AT A AR OB R e Afyys (1) T SRR ARROE BIE 55 b — (IR AR A 22
R ERBE T AR LR .
S R AR BV (O R TEHEAT B A, KR 73 8 1 038 PS5 (A R (B R B s e 2
A R o KA FLA I R S0 R T — AT RS 1 UL A o
EREAREK, KT B

Afsmooth (t) = N

o (t):min[l,Ast‘“(t)] (14)

= threshold
38 N AN, N T A -
Do (1) =1- 00, (1) (15)

DOI: 10.12677/mo0s.2025.144349 1004 5 1 A


https://doi.org/10.12677/mos.2025.144349

Ja A5

T A B B L B R A 2 b B

S WIELFIEE. VI (LR R RMERE Pk AR . 5 M TORTRA R N — BN,
EOLF B AT LI Ny ¢ TR BIE Af g o FI T IR 5 38 2 RS 2 255
W% BAERUKT,, . WIERE: o, (0)=05 0y, (0)=05; WIAERE: fu, (0) Mt Wi
W P E L A B AT (0) =0 4

B BN, YRR BEE N, BB, T AR R,

P, WEENE . TMAR S E— B R L

YD BT . SRR TIE N A, I AT KT E B AL, R
K S B RS (0
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!

WIAEFESH, BOEMRSHL
UGB 15 RAE FLIE AL HE N0, 5

THA AT A&
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Figure 4. Flow chart of improved Sparrow algorithm
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5. TIRGERS S

51 AR

AL URS HUBE A i 4%, 3&F MATLAB #47ff] Robotics Toolbox T. B4 FF 15 E 4T .
58, KA 3-5-3 1RA 2 W AT YU, DA PR ) T I PEAE S s B S, Jik T oot i R 52,
oAU B (L2 48 A T T ) B e R o A SR X 1 B R R A RS 2R R 1 DUAN SCBE I8 £, 43 1A Py [-700, 200,
800]. P2 [-300, 125, 1000]. P3 [435, 785, 1025]#1 P, [800, —601, 600], iz zh#kin[&l 5 frox. Eiiiis

A R

IR (R PR L A5 S e Xt B (5 35 A B, O R R BE A 2 - A, URS

HUBE % R IS s 2 RSB H T4 3, DA R PULRIRIAT S W URE (1 SEPriz s RE 1 e sl 1 520K
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900 -|
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Figure 5. Motion trajectory

5. BN

Table 2. Corresponding joint angles

#2 MEHEXTRE

X

-600

KhrE KA1 KT 2 KA 3 KT 4 K55 K6
P1 —25.2188 44,8152 -0.0197 45,0923 89.8880 64.7841
P2 —42.8992 14.3382 -0.0799 75.2622 89.9529 —47.1029
P3 70.6249 —42.8564 -0.0439 —46.3651 —89.4308 19.3823
P4 —-29.4114 —64.3680 0.0110 —26.6506 —89.6939 119.4000
Table 3. Constraints of each joint
3. BXRTLAREH
IR %A B FESE Vinax (°15) B K ANESE Amax (°/52) B KA FE Rmax (7/53)
KA1 25 30 40
K52 25 30 40
K53 25 30 40
K5 4 30 40 50
K5 30 40 50
K56 35 45 60
DOI: 10.12677/mo0s.2025.144349 1006 jeig e yipct


https://doi.org/10.12677/mos.2025.144349

Ja A5

5.2. ZER54r

N T AR SCHE R AL R IR (SSA) LI RE 1, A SCR L S hRAERR 8 R FA(SSA) . KL RS
5 (PSOYEAT RS He At o WA BERE UM EL A N (BT TR B 4 &5, AT WU 24T I R Dy 12 #. BEE

ERKECH 50, FhEEA 1000, WILARKERIENE o, =05, VIHWIEEIENE o, =05, LLKFT 1 N
i, gl R T S RIS S

6.5 | I
- - - -PSO
1IN SSA | |
' ISSA
1
53—
1
1
S
é 1
1
a5t
E 1
H’EJ 1
4| 1
1
it |
1
35 v,
L
e T TTET e et
| P
2.5
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R B/IR
Figure 6. Fitness convergence diagram of joint 1

Bl 6. XY 1 &R EWSE

Wik 6 P, JEoR 1 =R EEAE T 1 Rl N AR BE AR B AL (A S 28, S0t R R A BV AE
A 5 YOSt Bl 7 WM T R, IFAE 10 YOS5 IZEhE TAaE . R R B . Ry ik i
AR 3.3 5, PRdERRE SR ARG ELE 3.1 s, Bt MRRE S RAENEEL 2.9, 2 =M%k
AR, RHHMARE Sk SRS MR LA RRE, Sl R R F kB St sk
PEREARAL AR B . =R SEVE DL RIS [R] BR 25 R 4~6 P

Table 4. Optimization results of PSO algorithm
e 4. PSO BIAMMMLER

K5 BB BB BB
KA1 1.045 1.150 1.078
KA 2 1.590 1.892 1.314
KT 3 3.428 1.118 2.280
KT 4 1.962 3.842 1.122
KI5 1.104 3.015 1.092
KT 6 0.873 3.755 0.918
BRI [ e KB 3.428 3.842 2.280
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Table 5. Optimization results of SSA algorithm
52 5. SSA EUEMMUER

KA HB BB HEB
KA1 0.885 1.198 0.812
AT 2 1.715 1.78 1.315
K3 3.102 0.825 1.692
KT 4 1.784 4.148 1.142
KHT 5 0.121 2.545 0.092
K6 1.473 2.731 0.855

BRI [) e K AE 3.102 4.148 1.692

Table 6. Optimization results of ISSA algorithm
72 6. ISSA EUARMMALER

KA 5 BB BB BB
KA1 0.823 1.31 0.81
K2 1.71 1.84 1.195
K3 2.94 0.77 1.19
KT 4 1.79 3.918 1.12
K5 0.082 2.615 0.085
KT 6 1.304 3.08 0.83

BRI [) e K AE 2.94 3.918 1.195

BT RAPEARIC 6 AN IOAT R R I Bk AR, AN R B AE AR e ) S TRV RE A BT 22
o Horp, WP BEILEEI S FERT N 9.55's, ARAERRAETE R L EFERT N 8.942s, T SRR E T R
TS AERT U A 8.053 so AHELZ T, CSGHE BBR A2 SRR AE I (AL 7 T AR I TEAR, LS AR ok 1 Sk
WD 1.497 s (£ 15.67%), bR RRAE S0 /0 0.889 s (£ 9.94%). X —45 BRI, St RS R AL
TEARAR R BT [F) 77 THT B 0 850, RE B8 R0 7 5 B B IS AT I I, AT 3 Ak R B AR A T 280K

P SR IR PR S48 R SR B M T 45 AR 3-5-3 /- BE 2 T, AU 1) 4% 45 M AT
SrpranE 7 B

K7 SR, R O RS RS, HUBE R A Ar A | A T R AN g Tkt B2 il 2 35 3 Lt A

6. &it

ASCHETT T 5T O RIS R ANV PUL Lt 7% . Tl 57 URS HUME i sh i, R
1 3-5-3 73 B2 WA E A O 2, R FH S0t IR R A2 1 R S AL s el A SLAE T /2 18 3220
HRTHR T SCHU (8] e D0 F AR . SCERSE SRR, Stk IR AR 28 18 28 SR AR B T A v R A 4 R B AR 1 B
PACSE, EWSCERRE . AR R AE ) UL R (R LA 7 T 2 R B AR PR RE o Db R A4 R SR AE IR
P RE PSS R, fie 2R H R AR TR D T 1.497 B, BhRAERRAE SAIRD> T 0.889 £, 3
ST+ T UM A BAT 2%
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HY
1 s ", E ".
I e | %
A H = . . . -
-_' .: %{‘\{_\, 0.5 ..‘ Y : .
. H E ] . H S
B : B oo . t
2r e FA P (rad) B : . 3
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Figure 7. Curves of angular displacement, velocity and acceleration of each joint of the manipulator
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