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Smooth Vibration Reduction Method for Robot Arm Motion Based on Segmental
Velocity Planning

WANG Heng, JIANG Ke-jian

(School of Information Science and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

ABSTRACT: The work aims to ensure that the end velocity, acceleration and jerk curves of the robot arm are smooth and
continuous during production operations, and to avoid violent vibration of the robot arm during high-speed operation. In
this work, a segmented velocity envelope trajectory planning method was proposed, which greatly simplified the deter-
mination of boundary conditions and computation compared with the traditional spline algorithm, and could realize the
smooth and continuous velocity, acceleration and jerk curve of the end trajectory of the robot arm only given the running
trajectory points and the desired running time, and could control the acceleration, jerk curve and overall motion period
individually by adjusting the factor and segmentation time interval. On the two-armed parallel robot platform, the com-
parison experiments between this algorithm and the cubic spline algorithm and the comparison experiments of this algo-
rithm with different values of adjustment factors were conducted in turn. In the first group of experiments, it was found
that the arm was smoother and the resulting trajectory was smooth, but the vibration of the arm was higher with the cubic
spline algorithm; in the second group of comparative experiments, it was found that the larger the adjustment factor was,

the smoother the arm would be and the vibration would be reduced. Therefore, the method proposed in this work can ef-
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fectively suppress the robot arm vibration and can make the robot run smoothly at high speed.

KEY WORDS: robot arm motion; trajectory planning; vibration suppression; motion smoothing

BEE £ AR ATl A ShAE R EE R B2 T, Tk Ml ge
NBIIZ N o SETHILAS N iz ol R 4R T B4
NTARRCR I 2T B, ER LA NE mdiz s 51k
(IR B AR KRB LA N 12 Shid B R | ik 225
Wi ML e A 2 i o LA AR S 2 B2 I e A 1 T 3
TNSE A jerk SR IEHL v N B R i H 2N . ML
N BT8R0 S e e T 2 ' 1 3 1 1) — S A RO
3, B, B B AT R AL A AT S Y
— N EHZRL

AR, FEXHLER ANBUEHLRI BT, [ Aok
FRRW TARZ I . BTMSFIR T — R o1 R
Tk Bt 1] SR U WL B0k | 50k R Bt R ey
2SI AT R, HAE T RIS sl iR AR G 1 28
TFa) £y JEE AP RE AT R, AR SCECHEAE R AR 23 W) BEA T AL
R AT I W i i 4s B o Su S5 PHR Y —Rh 3 T 54 3k 5
Pt i £ A 3—4—5 2345 5 BB LRI T5 1%
A3 HLEE N R B HBA BAS E 1 iz sh st , 2
X4 A B A Z UL T EER AN R %, iR
e HAG A . A AP — R B 2 T S L
M i VLI LI T ik, AER %o 22 1 5 AR B R A 133
R, HAFTERUE R 2 . PhERSE Y X2 L
SR Be 2 B (BT ik, (EARK AR | v flie
TR R R A B AL, B 22 00 A A e AL AL v
B, TR R L BRI AECIR T HE XA
6 WL HIATFEEA 3 DS H Lame [k 5975 750 A iy
FTRYBGE AT T, 207 1% BEREAT 2L 1 A JEE A
T FEE AR, (R ST N L il e 4R B R (EL. W e
e VO30 o BSCHE TR BB R B, S T R S L 1
BRI AR 2, HEA X jerk MR HEAT Y
Bro AL SR T G S B e AL &Y
BUBREATIRI, ZITHE T4 jerk MHEOEH IESE . ¥k
AU G — i B T = K DL SR = A R AR (L 1 T i
Xt TV HLAs NBUE AT R, 207k BERE AT ) —
T2k H I s RAR /N I B2 ih £k, (5 jerk M £R4X
HESEHIR G o Oarcea 55 VAR a1 7 8 2 46 B A T
B B 5 Y- T — ) BE TR ERLAS A ERLI B0, £l
PRBIE 2 6] PR3 2y o 2 A2 AR OB o M B LB 1
SRPEIRSN, S T —Fh R 20 S R AR AE S
AL L D125 , 207 VR AT DA RCH v LBRURT f42 o
Ko o MgV T 2R 3-4-5 2301038 sh L DL
NAR S PUB AT IR, R TRAER 2 A B 4
(75 1% SEAT 2 [ AT HLR, IR 2 R TT ik i
FFTXEE, ABCAX jerk MZitAT o, Jrfd s
EEXIESALA SR T = UCRE SR AR E B0 575, T LA
FRAE | AN R A Sk, (FUR T i 2 Bh
AREBKH. jerk FRAMEEBERAEML . Wang 5

— PRl kY 3-5-3 Z2 I AR (R P LI Bk, %05 1k
(AT 3 L pih e AR AT O T 5, (L EE R T ik 8 £
W shiR{E% K. Zhang S5 AR Y NURBS £ #E1 7L
AL, I A R AT AL, Ok AT LS
PLEF NIz F 1B el el . Zhang 251 DR FH T R KRR G
s 2 miiEsEd, il Pard Ml AR s
PP, I TR RS

FURT, 6 BIL A A S 0 8 30 B 0 35 3 >R ] 2
WEAHRAE T ¥« = ARE 3 18 2 T 300k A = TRBE 4%
PREIE S . LRI AR S b TR N P 22 2 18 5
— S, RN, AW BB R, SRR
5 2R P RCHRAR R 5 o FH P A 45 % s 5 A T
VERIZOR , RISk 0 28 BOR i A7 16 — € e JE HL
R,

AR SR R s A Bk R SR AR 2R,
Yo oy BeRaE MR o AN [ R AR SCE O EE 2k, 5T
EARBET 3 AR, P AR R SR AT B
B B AR AL T 2 R U RO E B o B ]
() B, C B I SR A 20 Bk Ty e 2 S MHE— 19 3z B AL
o SEGAIEMIL, ARSCERMTTHR R R R,
I3 i A Ao o A 98k A S 9 P A I A e

1 MIEMRE LR Y

ARSCHRE H —Fh oy BEHRE i 2B R i, a4 e
n+1 AR L AR S 040 53 B n Bt (n A IE
BB W RS B T B BR324 oy, A SR
(I 20 53 AR [ttty snt, ] Forp g, =0, 43 B[]
(B B £ FTESE [R] 55 19 56 2R 1T R H

t,—t,_, =t (1)

SRR DA o5 =2 [] 1) SF- 2l B R AT G X 2 1Y
AL R iR B A A1 s B, R, A BOii 2
FRRBORG 4 BRI T R i e an &l 1 R .

W) A

~y

I Ir I I i I

P AL AT RE 2
Fig.1 Speed profile before planning



- 224 - (-

2023 4 4 A

WUEEIEL 1 RN, e Bl 1 ot 4 AR [ Al L o
FORIIR, BRI R I 2 Jr Xt
v(t)‘ .

N
<

Y

AN :

e tr Aty 4

Bl 2 R 2 pL Iy 5K
Fig.2 Planning method of speed profile

2 W, SR — - T 1) il AR JET ) A T
JEE 2 an SRR ST i 2 4 2% 1 AR S R 1Y) T
TS, I8 2 5 e O F B0 50w J5 4 B 0 67 B8 2 — 3
o LABLISHE, AT 43 BT 1 il 28 B R B An e s
e, HATRRAFE N RS T Ur, JT
T B B T 0 i TR 5 T i L RR

P 2 v Rl I 1 R i e Pr R st ) mT LA (2)
For

1, = QA+, )

s g BRI R IS THRE R 4 A o B ]
A RTCENPEN T, A>0., @it E 2 gmkaE)he] L
F i, BRI I iR T 04 TR 7R SRR R T i 5[]
Femh B A AT Ae

PR B B 35 ) Y 2 AT MR, SR AR A
K5 2628 SRR Ay AT & A 5, MR & A i)
TR RO Y, T A B 2 TR S TR Hh 4R
O RN SN BE A R 0, BERI i s A 3 38 £ 4
K 3 s

v(D) a

Aty tr Iy tr tr tr Iy AT t

B3 RIS A il 2k
Fig.3 Speed profile after planning

K3 rpan s il v i S 2k it LRI S 45 Y

FEhZk, ATLVE 2 Pl sy . e E
A5 B Bt 2 B B 1] 5
Ly =+ 2/1)% 3)
Hrr, g WML Az 3 —> 8 9 B F A e )
Wt (3) RIS HY, Hlds Az 3l JE 30T rT DL ik
AT e FEATHER Y

2 HEAMKNEEES

21 EHAEREE

BE 2 RIS R, AT ARG m IR £ 0
KB, FFR 3 W kAR R )
v, HERS, HELRX (4),

S, = vt 4)
A SoNE 3 R K NMHEEAER, kE
[1,2,3,....n].

WL 3 5 kNI BRI it 2 g st ) B 4 iy
tioy» BERIYMSRL B ¢, Hobg e

by =h, +1, Q)

WAk AL RS B3 B2 it 275 10 iz sh R
W= (6 ),

vi)=a,,ta,(t—t,_)ta,{t—t_) + )

et a,, (=t )"

e tel .t ] ag.a,,0,,.. a4, WZHE
FEG m BORT RS ROE

P13 v LR A s R Rt e i FRas (7 ),

M@:iwm (7)

e M) o U L it 2 R A
K (7) MAFBXS 5K a Brak, 5.

MO =3 v, () @®)

K ae[l,2,3,..,mlo HAY a=1 B, wr{3H
PR J5 B R I BE 2k 5 Y a=2 ), WSRAG AR =
B jerk 14k 2 a=3 B, 15 H R RRIE & B
snap HHZE.

gi b, (7)) Wi’ 3 PRI S A R R
gdEmsa e, AFEKRHBRX (6) By
Qs Ayys Ay seees Ay A mAH, 38 SRR REME— B 22 o

22 MAFZFHHHEE

3 (6) ARG 2 LI 5 S RE il £ A i 5 2%
{7400l £ 5 ek ) T L G T RO W , R AL 2
Kl i 4 R s AR T K (9 ) R

j?wmm=@ 9)

k-1



a4k £1H

FAE, & JETrBEUE AR B PLE A 12 3T AR U i - 225 -

Pl 2 mTLAFE R o0 T 8 2 A 40 i s A
1L AR BEE N 0, BRULZ AN B A AR 52 P
TARRESRORHE , AT AN BL.

1) A5 AU 2 M I Bl P 3 B2 A O i
Ziny, HIE s R 2 3 PR o it & 2 T
R J5 M2 A0 i s RN 28 1k RSB RE (B 0, Bk,
T JEE AR A 200 By RIS LB RS | i BE AR O 0
DL K 3 B2 i 2R B BRI AR S, (AL 5 460, TR,
X (6) I mWIEN 4,

2) e (1) FYSERR b 2R s B i 22t J2 ot
BELERY, T4 B 2 Fh R 2 B0 G R 1k R
jerk FUMEALN 0, Frfl WA S G e —E I 7 4
A, W m AR 6.

3) HEORMRIG jerk MG LN, THE
(2) [YEERN B4 WIR S ANZE 1L KUAY snap BIMEN 0,
BAESEATFRME T 9 A, m ER N 8.

IR IR A B, XL AR B (4
BORMIM—E59, AP 2 4, m MEB S
B 2. SEPRERAER, RARIEAEIE 2 D ETREAS
B AN TAER — 7oK o

2.3 EHHMRERYHIHE

MG LR A IR, AR & BEPUE ALK )
F8y B2 il AT LAS S LA 5 R

vi(t,)=0 (10)
v () =0 (11)
Vi (tk—l)(a) =0 (12)
V(1) =0 (13)

ARG 1RSI, Al 2 R
it £ A U Ve 22 355X ok S S AL, SRBT R o IR
LRIAT, BRarsl (4), 30 (9) — (13) SRS R

30v,
4 =0,a, =0,a,, =m’
—60v, 30v,

Y SR Ty FY )
B3 PRI A R 1 2 LA 2 5
(14 ).

! 30v
Mt:E —k (-t )+
® HLuHﬁﬁ(k”

(14)
—60v, 30v,

ok A 2 P B4, T8 2 RS 2067
WKL R, RFHE o B 1, 2 BIW], BESE (4),
K (9) — (13) REFH FZEL:

4oy, _
QA+

420y, 40y, 140y,
QA+ L @A+ ST A+ S

a4 =0,a,, =0,a,, =0,a;; =

A I R & B AT X K (15),
t 140w,
M@= ;{ QA+,
_ 20 L A0
QA+t QA+t
—140v, 6
m(t_tk—l) }

R AR 3 A A4, 1 2 F) S 2 G /\
WA, RFENE e JEC1, 2. 3 BIAT, 57 (4),
X (9) — (13) RIEH RZEL.

a,,=0,a,,=0,a, =0,a,, =0,

630v, ~2 520w,

(t —l )3 +

420,

-t )" -ty + (15

W 2 T 2y
L 3780y 2520w,
AR ST A+
L 630y,
BA+)’s
B B R i 2R i AT =R (16 ),

n 630v
M(t) :;{ m(z—zk_l)“ +

= T
~2 520v, s 3780y, .
— (1 +—(—t + 16
(2ﬂ+1)"’tT5( 1) (2/1+1)7t;”( )+ (16)
—2 520w, , 630y, )
T (-1, Y A ————(t—1,)
QA+ A+’

LUK, B30 A PF OS5I 50O m
RO 2, SRSHOUHL, B @ BYRORL 2SR S 1
A, R MZTRFR RN 2 1

3 HEiEEXTLE

BEA SR AR M LATE AL 2T X b,
WAL A 2R ER %, ARSI EZ A
PAR: =R 251545 . Horp, Akt 2k i i s i 2
JERT =R R, Wik, AR EE T 2008
AR =R 2R AT AR

3.1 HREFHHIRTLL

S 0 2k 1 2 3k =R = RRE A Rk R AT 4y
S (17) M= (18),

p(t)=b, +bt+..+bt" (17)
y(@)=1{x, (), 1€ t,,t.,1},
x,(t)=cy+c,(t—t)+c,(t—1) + (18)
cy(t—t) i=0,1,2,...,n

Mg (17) MK (18) ATLUAE W, REWHE
H T 25 5 I a5 B I s )

28 (17) FIHAER ne1 ANFE S SR
Z|, AR A a1 R e (17) TS



- 226 - % T R’

2023 4 4 A

R, i BAARR BB FRIR B o i3 T 2L
RAEZSBUL BB S ROCESE, W b L&
jerk REERA G MBI REMR TR . 25 n HUERDD, XELLTR
ER] jerk MMZOGHE, L E BIPLE SN R B2

X T (18), A B 45 Bk o5 A Rz A 221
BT BE— DR A, 4 5 B SRAS T A I A
X IO B P (EL R BOA RESR th , HBUE ik 504 REME—
e o

AR SCAR B B0 A T AR 2 I R R Y
W%, A 45 R B s RIS B az sl R BT, Bk
s S ERIDOR T

3.2 MAFZFHMITEERIILL

AR SO B B R A ST A 2 IR R R AR
FEAl 0, B SIRAE AR A 2T, Ak
1 B 1 ORI B AR FEAR R AL 3

LA TR A E , (B —
FE BT, AR E PGSR Z  FEETT RBCR T
AR EUE T ARCREAL, BAAEEUERZE, HAEN
Bk i kAR, 2 RO T E AT

CRAE R R 3 M, TEie R AL
R T BT A m N RA, PR, mHH
F = URAEAR U B ], 20300 1y Jon 3 88 1 4% B 7
PR CIE 0 o AR B S R BORE 2% bR B, T 283t
B RECEZ , i E S st s, 5
AN R S TN Ao

ARSCE LA 3 Pl A4, (2 3 Fhil 5t 5%
PR FH P B SR 5 1Y, AN AR 45 2 SRR
RBNMEFER, Eadigg (14) — (16) 3 F
R T s s vl AL, RN RBEREZ LA S
A, R R RBEL,

3.3 HM&ESHWTAEME

RN Z AL AT PUE R, 2R3 s iR (E
Bk, HIGHETE o R =R A AT L M £ Y
W ERIRAR NS, FIAELLORUE NN EE RN jerk fhZR AL I
e, RATE R UREAT AR ER A

SCHRPRER I AT, RO 2 SR, TR A
A3 B g (] (6] B 2, HCrP AT ] PR~ A ST LA i
JEE M EE AN jerk fhZk RSN HRE, ] LASUL Bk
TEDI A AL Y SITEE

4 {IEIIEF S A

XU F R HL e A2 £ dh A = e b T3 T
WAL, FERUEAS SCHE Bk A IE R PR RIS, A
TR AE S50 = 4R A 1 OUE IR AL s A1 5 24T IR
Bk, A IR R ] T B A AL A R A R W A oy
PR, BT R o g T RN A B AR
15, 73209 14 B, K508 2 s, s nlRAs

SR S ARG R AR TERS IR A SCERETE 2
YBOAS R EL I X EE 1088

4.1 WEHBEH[ARKETENE

RIS 5 A LB A 4 Fos , Ho il #eae
7 Omron NJ #2ii#%, A FEFREEA Sysmac Studio.

K4 SUEIFBILGS Nils-F &
Fig.4 Experimental platform of
two-armed parallel robot

XUE I BRI a5 AR BN A 5 B, JEALRAS
WSEENER 1 PR .

K5 XU IFBRBL S AR e i
Fig.5 Mathematical model of
two-armed parallel robot

&1 WEHBRN[ANMSH

Tab.1 Mechanical parameters of two-armed parallel robot

28 K /mm
T L, 160
MBI L 370
KB KT L 176
R KATIR R 1 76
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Fig.6 Graph of experimental results of two algorithms
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Tab.2 Fluctuation range of velocity, acceleration and jerk curve when 4 is taken as 1, 1.5 and 2

2 R 2R 3 3 B/ (mmes Y s 2R O 39 B/ (mmes )

jerk MIZE 3% G /(mm-s™)

1 1 148(-419 ~ 729)
1.5 1 131(-412~719)

2 1 044(~374 ~ 670)

18 509(-9272 ~ 9237)
13 351(~6671 ~ 6680)

11 855(—5925 ~ 5930)

3.37x10°(-1.30%10° ~ 2.07x10°)
2.7x103(—1.6x10° ~ 1.1x10°)

2.05x10%(—1.3x10° ~ 7.5x10%
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