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Abstract

To address the issues of curvature discontinuity, velocity discontinuity, and the resulting servo
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shock and vibration in three-axis CNC machining, this paper proposes a trajectory optimization
method combining cubic non-uniform B-spline curve fitting with S-shaped velocity planning. Firstly,
cubic non-uniform B-spline curves are selected and the composite Simpson integral is introduced
to achieve high-precision numerical calculation of the curve arc length. A piecewise S-shaped veloc-
ity planning is designed, and the one-dimensional dynamic quantities of the obtained curve are pro-
jected and decomposed into the x, y, and z axes using the tangent vector decomposition method.
Simulation results show that under the constraints of a maximum speed of 10 mm/s, a maximum
acceleration of 10 mm/s2, and a maximum jerk of 30 mm/s3, the planned trajectory length is 26.95
mm, the total running time is 2.66 s, the velocity and acceleration have no sudden changes, the jerk
variation is controlled and overall continuous, verifying the effectiveness of this method in terms of
trajectory smoothness and dynamic controllability.

Keywords

B-Spline Curve, Trajectory Planning, Numerical Integration of Arc Length, S-Shaped Velocity
Planning, Tangent Vector Decomposition

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

RSB TS 3D 3TN & E B i A AR OCRE B _E IR T PUIE ) ) L AT R A P 5 T P52 R
AT SEELPE 1] H LAY B AN B Ui f SR SE I 7 5, (HAEBR AT BOEHEAL 5y 7 A AR R A 5
IR EEAES:, W EEAR RS RS SRR R, HAEWIN TR E 5 &AFm2]. N
RS R T AT R A B Al [, SR R A v B R P RO 2% it 20 = O AR AT A — SR R
BR[3][4]. B kS BA R SCHE . W T RS X LA AP IO BUE AR E T, RESSTE (RIS AR T IR
[l SEEL 2 BOTIR S, IR R A AR I LT RA SPUL A PR 22 B . fiin, BAETFAE[5]4R
TR =R 5] B RS R RS, R IR SR i LR e s R it 1 AT REdE .

SR, A U T AP E A 2 RENURTE SIS LR N A2 is AT . PulhaT il b 7
AL DN P SR P A L AR, A T LRI R A I R T A AR RAE, ARG R AW
BT SRS MELTAE SRR fh 2k, S R id AR SINIGE L, ik AR L, ]
w2 RIS B b i I SR T ERERREE PE[6] [ 7]

BT, ARSCRAZRAR S B FESK I ZN B AR AT I A, I NS A R A s i it 22
IAHEAT R T 5. AERLEERE, Bt Bl S RUE 2k, SELEE TR A R 28k, BES,
IR AT OO RN PV S A A R AT I0AE, SR A VIR EBUY T 1208 # 4 — ZEsh 2 i 2
Xy y~ z Zhlhe BRI I RS SEL T I B A5 B 10 % B4R 2 O HETIUR, R R AR S AR
it —Blk

2. UEERSKEE
2.1. B #ESREIZ P EAR

B HE5% iih 2 2 ) s B FEABUEE (TR R, BENS RS U H I B0, s R R R £
T R . W= IRARY ) B HEARHIZ Y

/,—+

DOI: 10.12677/m0s.2026.152030 23 R T


https://doi.org/10.12677/mos.2026.152030
http://creativecommons.org/licenses/by/4.0/

FERARZ IR ERI

n+2

c(ui+3)=j§()pj "N, 5 (ui+3)=ci’i:0’1"”5n (2-1)

;H‘:E'j C<u1+3)%i—\‘5y_’\$§i’}j/ﬂ B ﬁ%lﬂiéﬁ’ pP= I:Pj’P(j+])’P(‘/'+2)’P(j+3):| y‘ﬁiﬁ‘ﬁ?’]]ﬁﬁ, Bl-p (u) j‘jp ﬁ'\%ﬂ?ﬁ B ﬁ
RIEE, U =[] AR

22. PRREWME

AR 2225 AL SO A PO R, A SRR TR IR AR 5140 AR, B AT+ 1 NI
S TBAEA a3 MR TR, R R KU =[] «

> n+6
T PO A, R TR { Q) R BB K S B B S (i) -
o-o.

S10-0. 1

=01, =, +

i

BEJE R “TERE” AN B A
lJf_ 21
U, B =— u,j=L---,n—p
J+p p &
A A R R A AL i 20 R LR 5 AT S N AR 2 R, TR Ul 5 BTG
T BEAR ) IR IR o
2.3. HHZRKEE KR

FEFEAT M2 3 SIS, P B S R (1 — e S 8. T B FER 2R S H S Hl
KL NAIAFEAE T M IRNT R DG 2R, 2 A FE RS A AR SR AR BN I A . B BE SR MR E ) 2 AR T 5
Rk AT LRIRN:

L@):fcxmdu:ﬁJy@f+y(@2+z@ydu (2-2)

AL R AU T EL R R BN AR . BRI, AR DL & e 2 AU 2 s 4T il 24 K
M. n hE &R ARTRRDR:

ff@ﬁhz%PT@+4§fﬂmm%2§f(nﬁf@ﬂ (2-3)

At h=(b—a)/n, RAHIRIEE, x, = a+i-ho WZAE, AL Sk P E R X 6 ) 2 K
3.S BB IR

= HERSINUR i shdt, AR B R, BRIRPUR S, SHLURIE S EE S, N
K& B A IEEAR RS, AENLR A ST PR R T — @8, MRS s i iR . %
G T B R b, R T In fh REAE AR, AR 2 B R HUMAR S R e, ST RS 2R 45
(kS B RO FH 75 o
3.1. 7E% S BUiRE gz

N T AT ROBE K B, 7040 e T B A SEBRIB AT SR, AR T 4Bt S B
LEINR . %7 AU T 0 R 2R (e, T A A5 R 28 I N R AR, i R R
TiEsh R ks, 2T T RGMRE RIS . N T RIS SRR, HRGE I AL,

DOI: 10.12677/m0s.2026.152030 24 5 1 A


https://doi.org/10.12677/mos.2026.152030

WL, /Nl

KBRS SIN T — M R B 31X — 3 P B B RE 06 8 s 55 s A2 S i, AT A R AR
RGBT, FFRD AR . B IR EBOAIAS . R I B 22 R R

(1) I B
1 tel07,]
o
S=V0t+]ma)(€
Tz (3-1)
V:I/O—i_.]max?
a:jmaxt
2) 1e[T,.T,-T, ]
A
S=%H—é@ﬁ—ﬂm+ﬁ)
T
V=V, +ay, (t_ij (3-2)
a 2
a:jmaijl :alim
3) 1e[T,-T,.7, ]
i
S=nm-g@ﬁ—yy+ﬁ)
T
V=V +ay, (t _i] (3-3)
a 2
a:jmaxT;'l :alim
(2) IRIE B
1) te[T-T,,T-T,+T,]
T t—-T+T?
S:L_(V]im—’_Vl)?a—i_Vlim (t_TJ'_T;’)_jmade
o (t-T+1,) (3-4)
V:VIim_]max—
2
az_jmax(t_T+7:l)
2) te[T-T,+T,.T-T,]
T
S=L—(Vlim+Vl)7d+Vlim(t_T+T'd)
a..
4= (3(e=T 47,7 ) =37, (1= T+ T, )+ T},
6 (3-5)

T,
V:Vlim+alim t_T+7:i_;
a 2

a= _.]maxT/Q = alimd

3) te[T-T,.T]

Jj2°

DOI: 10.12677/mo0s.2026.152030 25 5 1 A


https://doi.org/10.12677/mos.2026.152030

JUILH, /N

T— 3
SZL_I/I(T_t)_jmax( 6t)

(T-1) (3-6)

2

a= _jmax (T_t)

ST AM B S AU RE AR, A0S I T = M MU A 2 30 ) o S (0, A5 1k P AR i
3040 G o P e B B, AN T T S B R TV, 0 ROk D T U B 5%
RS S, MTTRE T % ZERa e MR IR e .

32, ETYIHBH=HOR

DA — eSS R WS 1) = 22 () ok, B (8] B2 r(u), e FRLLY) AN

V:I/l—’_jmax

r'(u)
Hu)=r——5=|t(u)t, (u),t (u)|"T 3-7
DU i 28 D71 170 77 1) S FEE T A 5% S P2 -
[dx/dt,dy/dt,dz/dt|NT =v(t)xt(u) (3-8)
IR, WD) ) 7 1 BRI P 5 R EE 73 70 ) $5 0 81 4% il -
|d*x/de* d’y[de* ,d*z]de* [N T ~ a(t)xt(u) (3-9)
[&’x/de . d*y/d . d’z[dr* |7 T =~ j(t)xt(u) (3-10)

IR T S SR A B B 7 [ S A D — B TR, MR, R
DS P R S R A 1 40 B SO ORI V) Bt Al B, 10 EBRE R A Y1)
AR 7 A A 4
4. HAMIESSR 2

4.1. iEIKE SHTEERR

S [—e—mt
R
B4 ik
*

Zih
A N o v A O ®

Xl -5 8 Y

Figure 1. Cubic non-uniform B-spline curve
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Figure 2. Displacement curve
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Figure 3. Velocity curve

[& 3. ERE L%

DOI: 10.12677/m0s.2026.152030 27 5 1 A


https://doi.org/10.12677/mos.2026.152030

FERARZ IR ERI

ZAERRN], K S BRI FIEN T B FEA 2R UL T, BES A AR T UL R BRI AR P B 2
SR, R R AR N EAE GBS . BRI AT IR B R B Bk S e
NGB =Y IB  FRSE T A

30

T (mm/s?)

-30 1

0 1 2 3 4 5 6
N 18] (s)

Figure 4. Acceleration curve
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Figure 5. Jerk curve

5. BREEHA%ZE

4.3. BT RER

N —BIGUETE T 7 Bl S U i BRI M PUE /e = 42 (M h RIS ShBOR,  REBLZIZ 5 77 17 5
BRAE B, ASCRAVIF B, KA. WA, N SR =4k B FEARHIZTT F)IZ A
B, B3] x. y z ZAHIE EIXRLOES . K 6~8 BN T ARG xo ys z =R R0 hid A K
R 2

K o =Y 2k, W LOEER], EHARPIIRITBL x 5 2z MREEZ BRI E, B B
BRI 2 AR 1Z X BAFAE I 0T IS B, X — IG5 B84 th 2k ) BUR SE bR LT E A A — 2. 5 IklE

DOI: 10.12677/m0s.2026.152030 28 5 1 A


https://doi.org/10.12677/mos.2026.152030

WL, /Nl

I, TR AR AR BE B y JT AR, SRR RAE y 7 [ R B KT T 1A, R
AR AN BRI AR ZONIE, IO T BR AR AR B EE A s B A

30 ‘ ] ' XH
@ Yl
E15F
é // / \\_\‘ Zﬁ}
" 0 4
+l§§ V

— 1 5 1 1 1 1 ]

0 1 2 4 5 6

Figure 6. Decomposed speed curve
6. SHREIRE L
7 5 8 73RN T =TT IR BEAER B o it 2. B SS BE, X EE I SR e
s B SEE T BB VIR, RIS AR B AN R AL B . eah, =Rl B SRR A 2k
VIORFF RAF IR VE, R I RAR s sy 1) A — S a8, 1 — B 3R W% 75 12 R S IR TR 5%
BB ) 5 B R 2 WHERI, IR ORIF RIS AR I A5 5 — B .

~ 30
E
£ 0
|
f‘%
.R_30 1 Ll 1
1 2 3 4 5 6
B TA] (s)
Figure 7. Decomposed acceleration curve
7. SRR INE R Lk
~ ok i Xl
2 20 Y
VAl
E ) ——
i L
éé_zo [ 1 1
0 1 2 4 5 6

3
BFIA] (s)

Figure 8. Decomposition jerk curve
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