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ABSTRACT

Motion control is a key technology in controlling machine tools, manipulator robots, automation
machines, etc. In motion controllers, velocity and position are controlled by closed-loop feedback
to create desired motions. The main target in motion control is fast, accurate, small oscillations, no
overshoot in both position and velocity. However, the traditional velocity planning methods cannot
satisfy the requirements. One of the most popular control methods is using S-curve motion profile.
Many papers and researchers have reported on this method. If the path length is long enough,
the S-curve motion profile is easy to achieve through the 3™ order polynomial model consisting
of seven stages. The challenge becomes hard when the path length is small. It should be noted
that the path length is arbitrary in the usual numerical control (NC) program. This paper proposes
a new algorithm for planning S-curve motion profile in considering arbitrary short path length.
There are two steps to perform a S-curve motion profile algorithm: type judgment and parameter
calculation. Base on condition constraints, a categorization of 8 types using 3’ order polynomial
S-curve model, is introduced. The proposed algorithm ensures that the system always has the
solution. The simulation results demonstrate the effectiveness of the proposed algorithm.
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INTRODUCTION

Nowadays, the demand for robots and automation
machines is increasing rapidly. Motion control is a
key technology in controlling machine tools, manip-
ulator robots, and automation machines in the man-
ufacturing industry. The main target in motion con-
trol is fast, accurate, small oscillations, no overshoot
in both position and velocity. Unfortunately, the tra-
ditional motion control methods cannot satisfy the re-
quirements of high-accuracy machining ' 3.

The common motor drivers on the market only
support the simple trapezoidal velocity profiles.
The trapezoidal Acc/Dec velocity profiles have non-
smooth transition, discontinuous acceleration, and
jumping phenomenon. These properties induce the
vibration of machine tools during the movement*°.
As a result, trapezoidal velocity profiles tend to cause
overshoots and excite residual vibrations that require
time for the machine to reach the final position with
desired precision. This could be a potential problem
for the precision system. Therefore, to improve pro-
ductivity and reduce cost and execution time, it is nec-
essary to develop a new motion planning method. As
a result, S-curve motion profile has been proposed to
reduce the tendency to excite the vibration of the sys-

tem®.

Nguyen et al. investigate a generalization of the poly-
nomials S-curve model and make the comparison
of 3", 4" and 5" order S-curve motions’. He
also introduces a new trigonometric jerk model and
comparison it with the 5 order polynomial model.
Though the trigonometric model is as simple as the
3" order polynomial, it produces as good perfor-
mance as the 5th order polynomial model. However,
Nguyen’s method is too complex and time-consuming
to be used in practice. In general, the computation
load increases with the increase in the polynomial or-
der. Therefore, higher-degree polynomial profiles de-
mand more computational efforts.

Chen et al. proposed an algorithm that considering a
short path length that can be applied to NC program.
According to the travel length, the motion is divided
into seven types®. However, the method did not pro-
vide a clear solution after type classification.

Huang et al. provided a categorization of 12 types us-

3" order polynomial S-curve model®. How-

ing the
ever, this research did not consider a short path
length. Therefore, when applying Huang’s algorithm,
the system becomes non-solution in some situations.
This paper proposes a new algorithm for planning S-

curve motion profile in considering arbitrary short

Cite this article : Bui TL, Le TG, Doan P T. An algorithms for planning S-curve motion profile consid-
ering arbitrary short path length. Sci. Tech. Dev. J.; 24(3):2019-2030.
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path length to overcome the above-mentioned short-
comings. The algorithm is required to generate a mo-
tion profile with a confined jerk, acceleration, and
speed. However, in the case of path length is very
small, it is impossible for all system parameter inputs
for motion control to be satisfied. The most impor-
tant is moving path length must be satisfied. There-
fore, the proposed algorithm consists of a feed rate
modification and an end velocity modification. There
are two steps to perform a S-curve motion profile al-
gorithm: S-curve type judgment and parameters cal-
culation. Base on condition constrains, a categoriza-
tion of 8 types using the 3’ order polynomial S-curve
model is introduced. After type judgment, time pa-
rameters for each segment of the S-curve are calcu-
lated.

Furthermore, if S-curve belongs to the type that hasa
small path length, feed rate modification and end ve-
locity modification are also processed. Thus, the pro-
posed algorithm ensures that the system always has a
solution even considering arbitrary short path length.
The simulation results demonstrate the effectiveness
of the proposed algorithm.

The outline of this paper is organized as follows:
Firstly, a brief introduction on the motion profiles
and math expression for 3" order polynomial S-curve
are given. Secondly, the proposed algorithm for S-
curve classification and parameter calculation is in-
troduced. Thirdly, the algorithm simulation results
and discussion are described. Finally, the conclusions

are summarized.

3’4 ORDER POLYNOMIAL S-CURVE
MATH EXPRESSION

In this section, the profiles and math expression of
" order polynomial S-curve are presented”. The S-
curve profiles consist of seven stages: increase accel-
eration, constant acceleration, decrease acceleration,
constant velocity, increase deceleration, constant de-
celeration, and decrease deceleration. The 3™ order
polynomial S-curve profile is shown in Figure 1.
The math expression is expressed as follows:

First stage: Increase acceleration

Vt € [[0,1‘1]
ji (t) = jmax
ai (l) = a0+ JmaxT1 )
L.
Vi (t) =vo+apT + E]ma)c’lf-l2

si(t) =so+voti + anfl2 + 6jmax713

2020

Second stage: Constant acceleration

vt € [11,1]
Jit)=0
aj (t) = Gmax = JmaxT 2)
vi(t) = vi (1) + amax T2

1
Si (I) =Si (tl) +vi (tl) T+ gamaxfzz
Third stage: Decrease acceleration
Vt € [ta,13]
ji ([) = 7jmax
a; (t) = a;(12) = jmaxT
vi (1) = vi(t2) +ai (12) T3 = 3 jmaxT3 (3)

5i(t) = 5; (82) +vi () T3 + 2a;i (2) T — L jiman T3
Fourth stage: Constant velocity
Vi € [t3,14]
Jit)=0
ai(t)=0 (4)
vi (1) = vi (13)
5i () = 5i (13) +vi (13) T4
Fifth stage: Increase deceleration
Vit € [t 15]
( ) = _]max
aj ([) = a; (t4) — jmaxTs
Vi (t) (14)“'411( )T 2]max‘552 (5)
Si (t) (t4)+Vl( ) + zal (t4) 7:5 - %jmaxfg
Sixth stage: Constant deceleration
Vt € [ts,16]
Jilt) =
ai (t) = —Amax (6)
vi (t) = Vi (t5) — amax o
si (1) = si(t5) +vi (t5) T — Eamaxréz
Seventh stage: Decrease deceleration
Vi € [t6, 17]
j (I) - ]max
a; (t) = a; (t6) + jmaxT7
Vi (t) (t6 +a;(t ) 7 2Jmax7:72 (7)
si(t) = si(t6) +vi(te) T7 1(16) T7 - %jmwcfg

BUILDING AN ALGORITHM FOR
PLANNING S-CURVE MOTION
PROFILE CONSIDERING SHORT
PATH LENGTH

The S-curve motion profile classification

The system parameters cover maximum acceleration
Amax; maximum jerk jyq.. The trajectory parameters
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Figure 1: The 3" order polynomial S-curve motion profile.

include path length S;; start velocity vy; end velocity
Ve; and feed rate v,z

According to different trajectory parameters, the S-
curve motion profile can be classified as 8 types, in-
cluding 4 basic types and 4 extended types, as shown
in Figure 2.

Four basic types have acceleration speed zone,
constant-speed zone, and deceleration-speed zone.
Four extended types do not have a constant-speed
zone. According to the path length, the S-curve mo-
tion profile is divided into 8 types.

In four basic types, v.s is reachable. Type 1~ Type 4
is as follows:

o InType 1, djqy is reachable and — a4y is reach-
able.

o In Type 2, apmayx is reachable and —aqy is un-
reachable.

o In Type 3, apqx is unreachable and —ayqy is
reachable.

o In Type 4, dqy is unreachable and —ay,,y is un-
reachable.

In four extended types, v.r is unreachable. Type 5~
Type 8 is as follows:

o InType 5, djqy is reachable and — a4y is reach-
able.

o In Type 6, amay is reachable and —dqy is un-
reachable.

o In Type 7, apax is unreachable and —aqy is
reachable.

o In Type 8, djqyx is unreachable and — a4y is un-
reachable.

Path length calculation

This section presents the convenient formulas to cal-
culate the path length, as the acceleration profile is
ladder or triangle shape, are presented”. The path
length is only calculated when the system accelera-
tion or deceleration. Therefore, it does not include the
path length in the constant velocity section.

When the acceleration profiles are ladder shape on
both the acceleration and deceleration stages, the path
length is S, calculated as follows:

Stata (Ver) =
ma (V2= VE) + Gy (Ver +V5)

2amax jmax

ma (VZ = V2) + Gy (Ve +Ve)

®)

2amax jmax

When the acceleration profile is ladder shape on the
acceleration stage, but triangle shape on the deceler-
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Figure 2: Eight types of S-curve are used in planning S-curve motion profile.

ation stage, the path length is S, calculated as fol-
lows:

Stata (Vey) =
Jmax <chf - Vsz) + ai%mx (Vc‘f + VY)

2am‘z}xjmaxv
+ (ch + Ve) M
]max
When the acceleration profile is triangle shape on the
acceleration stage, but ladder shape on the decelera-
tion stage, the path length is S;,;; calculated as fol-

lows:

V.r—V,
Stata (Ver) = (Ver +Vs) 73.( d
max

iman (V2 =V2) + s (Ve +Ve)
+

2amax jmax

(10)

When the acceleration profiles are triangle shape on
both the acceleration and deceleration stages, the path
length is S;4;4 calculated as follows:

Ver =V,
Stald (ch) = (ch +Vs) C]f d
Jmax (11)
chfve
+ (ch+Ve) -
Jmax

The Acc/Dec algorithm in considering of
short path length

There are two steps to perform a S-curve motion pro-
file algorithm: type judgment and parameters calcu-
lation.

Step 1: Type judgment

Considering the velocity in type 1 ~ type 4:

2022

* Gpax is reachable, then condition (C1) v.r —
Vs > @2/ Jmax satisfied.

* Gpax is unreachable, then condition (C2) v.r —
Vs < @y Jmax satisfied.

* —yax is reachable, then condition (C3) vy —
Ve > a2,o/ Jmax satisfied.

unreachable, then condition

(C4) Ve — Ve < @R/ Jmax satisfied.

o —dpax 1S

Considering the path length in type 1 ~ type 4 where
Ver is reachable, and :

« Type 1, the acceleration profiles are ladder shape
on both the acceleration and deceleration stages
then the condition is as follows: (C5) s; >
Statd (Vef) -

 Type 2, the acceleration profile is ladder shape
on the acceleration stage, but triangle shape on
the deceleration stage then condition is as fol-
lows: (C6) Si > Siald (ch) .

o Type 3, the acceleration profile is triangle shape
on the acceleration stage, but ladder shape on
the deceleration stage then condition is as fol-
lows: (C7) s;i > Staia (vcf).

o Type 4, the acceleration profiles are triangle
shape on both the acceleration and deceleration
stages then condition is as follows: (C8) s; >
Stald (ch) .

From the above consideration, 4 basic types are clas-
sified as follows:

If conditions (C1),(C3) and (C5) are satisfied, it be-
longs to type 1.
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If conditions (C1),(C4) and (C6) are satisfied, it be-
longs to type 2.

If conditions (C2),(C3) and (C7) are satisfied, it be-
longs to type 3.

If conditions (C2),(C4) and (C8) are satisfied, it be-
longs to type 4.

However, if the path length is short, and conditions
(C5), (C6), (C7), (C8) in type 1~ type 4 respectively
are not satisfied, then 4 basic types cannot be imple-
mented. In this case, the feed rate Ver is adjusted to a
new value vy, and the path length is achieved. For
that case, 4 proposed extended types consist of type
5~ type 8 can be used.

To classify the type of S-curve, there are 4 proposed
groups in which group 1 is the group that satisfies con-
ditions (C1) and (C3), group 2 is the group that sat-
isfies conditions (C1) and (C4), group 3 is the group
that satisfies conditions (C2) and (C3) and group 4 is
the group that satisfies conditions (C2) and (C4).
Table 1 shows the conditions for S-curve type classifi-
cation.

Figure 3 is the condition constraints for S-curve type
classification for 4 groups. Blue color indicates a satis-
fied condition, and red color indicates the unsatisfied
condition.

In group 1:

If conditions (C1), (C3), and (C5) are satisfied, it be-
longs to type 1

If conditions (C1), (C3), (C9) are satisfied, and (C5)
are unsatisfied, it belongs to type 5

If conditions (C1), (C3), (C10), (C13) are satisfied,
and (C5), (C9) are unsatisfied, it belongs to type 6

If conditions (C1), (C3), (C10) are satisfied, and (C5),
(C9), (C13) are unsatisfied, it belongs to type 7

If conditions (C1), (C3) are satisfied, and (C5), (C9),
(C10) are unsatisfied, it belongs to type 8

In group 2

If conditions (C1), (C4), and (C6) are satisfied, it be-
longs to type 2

If conditions (C1), (C4), (C11) are satisfied, and (C6)
is unsatisfied, it belongs to type 6

If conditions (C1), (C4) are satisfied, and (C6), (C11)
are unsatisfied, it belongs to type 8

In group 3

If conditions (C2), (C3), and (C7) are satisfied, it be-
longs to type 3

If conditions (C2), (C3), (C11) are satisfied, and (C7)
is unsatisfied, it belongs to type 7

If conditions (C2), (C3) are satisfied, and (C7), (C11)
are unsatisfied, it belongs to type 8

In group 4

If conditions (C2), (C4), and (C8) are satisfied, it be-
longs to type 4

If conditions (C2), (C4) are satisfied, and (C8) is un-
satisfied, it belongs to type 8

From Figure 3, all cases of system parameters and
trajectory parameters can be classified by proposed 8
types that is easy to recognize with note that (C1) is
negative of (C2) and (C3) is negative of (C4). In type
judgment all conditions are checked and its negative
also are checked. Therefore, the system always has so-
lution. However, the system parameters and trajec-
tory parameter will be selected with some conditions
as follows:

* max; Jmax> Ve, Vs, Vef,Si > 0 all parameter is pos-
itive.

o |vs—ve| < a2/ Jmax if system belongs to type
6, type7, type 8.

In the case condition |vy — ve| < a2,/ jmax is not sat-
isfied, the end velocity should be modified to accept-
able value v/e =vs+ a%wx/jmax..

Step 2: parameters calculation

After type judgment, time parameters for each seg-
ment of S-curve are calculated. Furthermore, if S-
curve belongs to type 5 ~ type 8, feed rate modifica-
tion and end velocity modification also are processed.
Type 1:v s reachable, g,y reachable, —apqy reach-
able

When conditions (C1), (C3), and (C5) are satisfied, it
is belonged to type 1

The time parameters are calculated by

Ty =Ty=T5=Ty = "
Vef —V ijﬁxv
=L, =" (12)
Amax Amax
Si — Slald (ch
Ty=———"—"""=

Vef

Type 2:v. s reachable, ayqy reachable, and —a;uqy un-
reachable.

When conditions (C1), (C4), and (C6) are satisfied, it
is belonged to type 2

The time parameters are calculated by

_ Vef— Vs

T
Amax
L2 T =0 (13)

Amax
_Si—S1a1d \Ves
= 7%](
Type 3:v.; reachable, a;x unreachable, and —ayax
reachable.
When conditions (C2), (C3), and (C7) are satisfied, it
is belonged to type 3

2023
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Table 1: List of condition constraints for type classification

(C1) vep —vs > @] max (C5) si > Siaia (vcf) .
(C2) vep—vs < afnax/jmax (C6) si > Siaia (vcf)
(C3) Ve — Ve = @2/ Jmax (CT) si > Stata (ver)
(C4) ver — Ve < g/ Jmax (C8) si > sata (ver)

(C9) si > Staia (max{vs,ve} + a3/ jmax)
(C10) s; > sja1a (min{vs,ve} +a,2nax/jmax)
(C11) si > Staia (min{vs,ve} +a,2nax/jmax)
(C12) si > s1q14 (max{vs,ve})
(C13)

C13)Vy <V,

TYPE 1: @ @ @
TYPE 5: @ @ @ @
TYPE 6: @ @ @ @ (1ol 1]

TYPE?:@@@@@@
TYPE 8: @ @ @ @ @

Group 1

e Blue color denotes satisfied condition

e Red colordenotes unsatisfied condition

ez @) @ @ crow:
e @ @ @ @
N KN X
wes: @) @ @ Grows
v @ @ @ @
wes: @ @ @ @
wes: @) @ @ Growas
XX

Figure 3: Summarizing condition constraints for S-curve type judgment.

The time parameters are calculated by

—Ts (14)
i — Stald (ch)

= 7%]‘

Type 4:v.r reachable, a4y unreachable, and —ayax
unreachable.

When conditions (C2), (C4), and (C8) are satisfied, it
is belonged to type 4

Ty

The time parameters are calculated by

v, — V.
T1=T3=1/762 =0
‘max
v, — V.
Ts=Tr = /==, 75=0 (15)
max
T, _ Si— Stald ch)
4 7va

Type 5:v s unreachable, ayqy reachable, and —apax
reachable.

2024

When conditions (C1), (C3), (C9) are satisfied, and
(C5) are unsatisfied, it is belonged to type 5
The reachable maximum velocity is calculated as fol-

lows:
Si = Stald (Vmax) where Vinax €
[max {Vsy Ve} + a%mx/jmaxv ch]
The time parameters are calculated by
a
Ni=T=Ts=T=-—"%
B Jmax_
T — Vmax — Vs T, Ty = Vmax — Ve T (16)
Amax Amax

Ty =0

Type 6:v.r unreachable, ayqy reachable, and —ayax
unreachable.

(C6A): (C1), (C3), (C10), (C13) are satisfied, and
(C5), (C9) are unsatisfied

(C6B): (C1), (C4), (C11) are satisfied, and (C6) is un-
satisfied

Either condition (C6A) or (C6B) is satisfied; it is be-
longed to type 6
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The reachable maximum velocity is calculated as fol-
lows:

Staid (Vmax) where Vmax €
[min {vs, Ve + R/ Fmacs vcf]

The time parameters are calculated by

Si =

(17)

Type 7:v. r unreachable, aq, unreachable, and —aax
reachable.

(C7A): (C1), (C3), (C10) are satisfied, and (C5), (C9),
(C13) are unsatisfied

(C7B): (C2), (C3), (C11) are satisfied, and (C7) is un-
satisfied

Either condition (C7A) or (C7B) is satisfied; it is be-
longed to type 7

The reachable maximum velocity is calculated as fol-
lows:

Staid Vimax) where Vinax IS
[min{vy,ve}+ @] Jmas ver]

The time parameters are calculated by

Si =

Vinax — V.
Ti=Ts=,——T=0
]max
I5="1T= V.max, TGZM_TS
Jmax Jmax

T,=0

(18)

Type 8:v,r unreachable, aq, unreachable, and —ayax
unreachable.

(C8A): (C1), (C3) are satisfied, and (C5), (C9), (C10)
are unsatisfied

(C8B): (C1), (C4) are satisfied, and (C6), (C11) are un-
satisfied

(C8C): (C2), (C3) are satisfied, and (C7), (C11) are
unsatisfied

(C8D): (C2), (C4) are satisfied, and (C8)

When any condition of (C8A), (C8B), (C8C), and
(C8D) is satisfied, it is belonged to type 8

if the condition (C12) is not satisfied, then the equa-
tion s; = Syqrq (Vmax) is no solution. To solve this case,
adjust the value of end velocity as follows v; = Vs
The reachable maximum velocity is calculated as fol-
lows:

If condition (C12) is satisfied (type 8A)

Si = Staid (Vmax) where vyqx € [max(vs,ve) ,vcf}

If condition (C12) unsatisfied (type 8B)

! !
Ve = vsand s; = s, ; (Vimax) where viax € [vs,vcf}

The time parameters are calculated by

T,=T;= /W’Tzzo
max

Ts=Ts = Vm;x — Ve Ty =0 (19)
,=0
RESULTS

In this section, simulation has been done for 4 groups
with various different path lengths using Matlab.

Table 2 shows trajectory parameters and simulation
results for four groups to verify the proposed algo-
rithm.

The maximum acceleration dpy is 2m/ 52, the maxi-
mum jerk jygy is 100m/s3.

In the simulation for group 1, vy = 0.008, vy =
0.01 and v, = 0.022 therefore conditions (C1) and
(C3) are satisfied.

In type 7, start velocity and end velocity is converted
to each other.

with trajectory parameters are selected as group 1, the
convenient path length is calculated as follows:

Slald (ch) =0.005; s/414 (max{vs, Vet + arznax/jmax) =
0.0033;

Slald (min {VS7 Ve} + arznax/jmax) =
0.0024; ;414 (max{vs,ve}) = 0.00035

The path length is selected in different values s; =
{0.0082;0.0042;0.0028;0.0028;0.0018;0.0003} to
verify the proposed algorithm in type 1, type 5, type
6, type 7, type 8A, type 8B, respectively.

Figure 4 shows the simulation results for group 1.
First of all, the final position is the same as the given
position for all types and for all groups that are the
most important key point. Second, except for type 1,
the maximum velocity is always smaller than the feed
rate velocity that is suitable. Third, except for type 8b,
the start velocity and end velocity are satisfied. In type
8B, because the path length is too small, the end ve-
locity is not satisfied, and it is converted to the same
start velocity that is also acceptable.

In the simulation for group 2, v,y = 0.008, vy =
0.02 and v, = 0.005 therefore conditions (C1) and
(C4) are satisfied.

with trajectory parameters are selected as group 2, the
convenient path length is calculated as follows:

Slatd (vcf) =0.0048; s;41a (min {vs,Ve} +a%mx/jmax) =
0.0027;8,41q = (max{vs,ve}) = 0.0012

The path length is selected in different values s; =
{0.0082;0.0047;0.0026;0.0011} to verify the pro-
posed algorithm in type 2, type 6, type 8A, type 8B,
respectively.
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Table 2: Trajectory parameter and simulation results for the proposed algorithms.

Group Type Start End Feedrate Given Final Maximum  Total
Velocity Velocity (m/s) Path Path velocity time (s)
(m/s) (m/s) Length Length (m/s)
(m) (m)

1 1 0.01 0.022 0.08 0.0082 0.0082 0.08 0.1443
5 0.01 0.022 0.08 0.0042 0.0042 0.0719 0.0959
6 0.01 0.022 0.08 0.0028 0.0028 0.0553 0.0791
7 0.022 0.01 0.08 0.0028 0.0028 0.0553 0.0791
8A 0.01 0.022 0.08 0.0018 0.0018 0.0415 0.0634
8B 0.01 0.022 0.08 0.0003 0.0003 0.0139 0.0251

2 2 0.02 0.005 0.08 0.0082 0.0082 0.08 0.1277
6 0.02 0.005 0.08 0.0047 0.0047 0.0795 0.0841
8A 0.02 0.005 0.08 0.0026 0.0026 0.0591 0.0586
8B 0.02 0.005 0.08 0.0011 0.0011 0.0314 0.0428

3 3 0.005 0.02 0.08 0.0082 0.0082 0.08 0.1277
7 0.005 0.02 0.08 0.0047 0.0047 0.0795 0.0841
8A 0.005 0.02 0.08 0.0026 0.0026 0.0591 0.0586
8B 0.005 0.02 0.08 0.0011 0.0011 0.0529 0.0214

4 4 0.05 0.065 0.08 0.0082 0.0082 0.08 0.1113
8A 0.05 0.065 0.08 0.0029 0.0029 0.0716 0.0457
8B 0.05 0.065 0.08 0.0013 0.0013 0.0539 0.025
8B 0.05 0.065 0.08 0.00001 0.00001 0.05 0.0002

Figure 5 shows the simulation results for group 2.
First of all, the final position is the same as the given
position for all types and for all groups; that is the
most important key point. Second, except for type 2,
the maximum velocity is always smaller than the feed
rate velocity that is suitable. Third, except for type 8B,
the start velocity and end velocity are satisfied. In type
8B, because the path length is too small, the end ve-
locity is not satisfied, and it is converted to the same
start velocity that is also acceptable.

In the simulation for group 3, v,y = 0.008, vy =
0.005 and v, = 0.02 therefore conditions (C2) and
(C3) are satisfied.

with trajectory parameters are selected as group 3, the
convenient path length is calculated as follows:

Statd (Ver) = 0.0048; s11g (min{vy,ve} + a2/ jmax) =

0.0027;58;41q = (max{vg,ve}) = 0.0012

The path length is selected in different values s; =
{0.0082;0.0047;0.0026;0.0011} to verify the pro-
posed algorithm in type 3, type 7, type 8A, type 8B,
respectively.
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Figure 6 shows the simulation results for group 3.
First of all, the final position is the same as the given
position for all types and for all groups. That is the
most important key point. Second, except for type 3,
the maximum velocity is always smaller than the feed
rate velocity that is suitable. Third, except for type 8b,
the start velocity and end velocity are satisfied. In type
8B, because the path length is too small, the end ve-
locity is not satisfied, and it is converted to the same
start velocity that is also acceptable.

In the simulation for group 4, v,y = 0.008, vy =
0.05 and v, = 0.065 therefore conditions (C2) and
(C4) are satisfied.

with trajectory parameters are selected as group 4, the
convenient path length is calculated as follows:

Statd (Ver) = 0.004; 54414 (max {vg,ve}) = 0.0014
The path length is selected in different values s; =
{0.0082;0.0029;0.0013;0.0001} to verify the pro-
posed algorithm in type 4, type 8A, type 8B, respec-
tively.

Type 8B is performed twice with a path length of nor-
mal value and a very small value.
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Figure 4: Simulation results for group 1 in planning S-curve motion profile.

Figure 7 shows the simulation results for group 4.

First of all, the final position is the same as the given

position for all types and for all groups. That is the

most important key point. Second, except for type 4,

the maximum velocity is always smaller than the feed

rate velocity that is suitable. Third, except for type 8B,

the start velocity and end velocity are satisfied. In type

8B, because the path length is too small, the end ve-

locity is not satisfied, and it is converted to the same

start velocity that is also acceptable.

DISCUSSION

It is obvious that the results in Fig.4 ~ Fig. 7 are con-

sistent with trajectories shown in Fig. 2.

The simulation results are also shown in Table 2. It can
be seen that the final position is the same as the given
position for all types and for all groups that prove the
effectiveness of the proposed algorithm.

The simulation results in group 1, group 2, group 3,
and group 4, shows that the proposed algorithm can
be applied to any value of the given path length, even
very small path length.

Type 1 ~ type 4, the maximum velocity is the same as
feed rate velocity.

Type 5 ~ type 8, the maximum velocity is always
smaller than feed rate velocity.

In type 8B, because the path length is too small, the
end velocity is not satisfied and it is converted to the
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Figure 5: Simulation results for group 2 in planning S-curve motion profile.
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Figure 6: Simulation results for group 3 in planning S-curve motion profile.
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Figure 7: Simulation results for group 4 in planning S-curve motion profile.

same start velocity. But this situation is acceptable.

In types 6 ~ type 8, vs and v, should be selected so
that [vs — ve| < @241/ jmax Must be satisfied otherwise

ve will be converted to the same as v;.

CONCLUSIONS

The proposed algorithm has the ability to generate S-
curve trajectory even very small path lengths. The
algorithm also ensures that the actuator effort limit
is not exceeded and the motion is fast, accurate,
with small oscillations, no overshoot in both position
and velocity. It is strongly believed that this works
can be widely applied in the manufacturing industry,
robotics, tool machines. Motion controllers can effec-
tively implement them. The simulation result demon-
strates the efficiency and smoothness of the proposed
algorithm.

However, there is still plenty of room for further re-
search on this work. We have planned to implement
the algorithms into the interpolation technique to op-

timize the transition velocity.
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NOMENCLATURE

Pos: Position

Vel: Velocity

Acc: Acceleration

Dec: Deceleration

Amax: Maximum acceleration

Jmax: Mmaximum jerk

vy: start velocity

ve: end velocity

v,: end velocity after modification

ver: feed rate

Vmay: feed rate after modification

s;: path length

to ~ t7: point of time, #;_1 is start point time and #; is
end point time of section i’”.

Top ~ T7: internal time of each section. It starts from
zero until 7; for section i

Ty ~ T7: time period of each section
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