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Abstract—The paper describes a new real-time computation
method named Mixt Profile of Speed (MPS), which is used to
obtain the value of speed, at every sampling period of time,
during the acceleration and deceleration stage, whereas the
motion has three stages: 1) acceleration, 2) motion with imposed
constant speed, and 3) deceleration. The method will determinate
the location of a robotic arm for every sampling period of time.
The originality of this new computation method refers to the
deceleration stage; it determines an accurate positioning at the
end of the motion in a well determinate interval of time. During
the forced constant motion stage, the trajectory is imposed and it
is linear or circular. The ADNIA algorithm (numerical
differential analysis interpolation algorithm) can be implemented
at this stage (during the motion with imposed constant speed of
the robotic arm) in order to ensure the maximum precision of the
computation for the waypoints Cartesian coordinates.

Keywords—Sampling period of time; waypoints; location
matrix for a robotic arm; acceleration; deceleration; motion stage;
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. INTRODUCTION

The robotic technology is used in various industry sectors
[1], [2], [6], [7]- The problems that arise are complexity of
planning a robot motion and real-time computation of the
speed and location for the robotic arm motion; these can be
computationally intensive and time-consuming. One approach
described in textbooks [4], [5] generates a trajectory that
satisfies acceleration and speed constraints from a list of
waypoints and use linear segments with parabolic blends. The
approach is not applicable to automatically generated paths
with potentially dense waypoints. In [2] was presented a
method to generate the time optimal trajectory along a given
path within given bounds on acceleration and speed. The
method assumes that the acceleration and speed of individual
coordinates are limited. In [3] was proposed to reduce the
computation time for path planning of motion for a robotic arm
by use to the techniques of caching frequent arm trajectories. In
Fig. 1 is presented the block diagram of the robotic system.

The challenges of motion for robotic arm, involve finding
the best precision for reaching the end point of motion, also it
is important to obtain precise value about required motion
time. Both conditions are very difficult to be obtained. The
proposed real-time computation method in this paper, namely,
Mixt Profile of Speed (named shortly MPS), defined and
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described in this paper, accomplished those two conditions,
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Fig. 1. Block diagram of the robotic system.

Usually, regarding robotic arm motion [1]-[3], the speed
variation profile may have a trapezoidal profile, as in Fig. 2:
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Fig. 2. Trapezoidal profile of speed.
or a parabolic profile, as presented in Fig. 3:
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Fig. 3. Parabolic profile of speed.

In previous figures, index 0 shows the start of motion and
index F shows the motion stop.

This paper describes another profile of motion speed,
named MPS (Mixt Profile of Speed), as in Fig. 4:
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Fig. 4. Mixt profile of speed.

In previous figure, index Acc defines the end of
acceleration process, index SPconst defines the end of motion
with constant imposed speed and index Dec defines the end of
deceleration process.

The motion with a mixt profile of speed supposes three
motion stages:

a) acceleration stage (the first stage of motion);

b) motion with constant imposed speed (the second
stage of motion);

¢) deceleration stage (the third stage of motion).

The MPS profile of speed variation ensures a precise
positioning, at the end of the motion. It may be implementing
about motion with a well-defined constant speed, on a linear or
circular imposed trajectory [9].

5

Industrial robotic arm.

Fig. 5.

About a robotic arm as shown in Fig. 5, the motion speed
value determines the axle components, named: P, ; P, ; p, of

position vector (named: P presented in Fig. 5), in the location
matrix of a robotic arm [8]:

nX oX aX pX

G = n, o, a By 1
nZ OZ a'Z pZ
0 1

About the location matrix, the others values are the axle

components of the orientation versors: f; 0; @ (a versor is a
vector having module equal with 1, because its size is not
important; only its orientation is important), Fig. 6 [1]-[3].
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This real-time computation method was implemented about
positioning pieces, in a flexible manufacturing cell for welding
industrial process. The computation method has not been
mentioned about robotic arms motion; this paper adapts the
computation method for robotic arms motion.
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—

Fig. 6. Position vector for a robotic arm; orientation versors.

The next section presents a new real-time computation
method named Mixt Profile of Speed (MPS), which is used to
obtain the value of speed, at every sampling period of time,
during the acceleration and deceleration stage. The motion with
a mixt profile of speed has three stages: acceleration stage,
motion with constant imposed speed and deceleration stage.
Based on the results of the tests performed, several conclusions
are presented in the last section.

Il.  ACCELERATION STAGE, STAGE OF MOTION WITH
CONSTANT IMPOSED SPEED AND DECELERATION STAGE OF
MOTION

The real-time computation method named mixt profile of
speed (MPS) is described in this paragraph [1].

A. Acceleration Stage
Let consider the maximum value of acceleration for a

sampling period of time, named: acc,,,, ; the initial value of

speed at the motion start: v, . At every sampling period of
time, named T, the speed increases with acc,,,, value, till

reach the imposed value, named: v _impoz . It result the value

of motion speed, at every sampling period of time, indexed m,
(during the acceleration stage):

vV, =V, ,+T-acc

m

=V, +m-T -acc,,, (2)

Max

This computation must be considered for every axle
component of speed:

Vim =Vema + T -aCCy, =V, o +M-T -aCCy,,,

X,m

Vym =Vyma +T -accCy,,,

=V, +Mm -T - aCCy,, 3)

Vom =Voma +T -acCy,, = V,o+M -T -aCCy,,
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It result the variation of position vector, for every sampling
period of time (named T), during acceleration stage of motion:

px,m = px,m—l +T 'Vx,m 1

—

ﬁy,m = py,m—l +T 'Vy,m ’ (4)

pz,m = ﬁz,m—l +T 'Vz,m :

=~

For example, let consider this example of computation: the
location matrix of the robotic arm, at the motion start, index 0
(the values are expressed in millimetres, [mm]) is:

nx,O OX,O ax,O px,o

n, 0, a p
G, =| v Tvo o Pyo)_

nz,O OZ,O az,O pz,O
0 0 0 1

©)

o O O -
o O » O
o », O O
P N Ol w

Let consider the value of sampling period of time
T =0.01seconds [s]. Let consider the initial speed having 0
value (the start motion value of speed) and the maximum value
of acceleration: acc,,,, =200 [mm/s] (identical for every

axle); about the first three sampling periods of time, the speed
has those OX axle components values:

Vi1 =V, +1-T-accy, =0+1-001-200=2=v,, =V,

=0+2-0.01-200 =

Vo =Vyo +2-T -acCy,, ©)

= 4 = \/y’2 = VZ,Z

Vis =V, +3-T-acc,,, =0+3-001-200=6=V,,=V,,

Max

The OX axle components of position vector, for the first
three sampling period of time, during acceleration stage of
motion have those values:

Byi=Po+T V-1 =(3+0.01-2)-T =3.02-T
Bro= P +T V,, 1 =(3.02+0.01.4)-7 =3.06-7 (7)

Pys=Pyo+T V51 =(3.06+0.01-6)-7 =3.12-7

In previous relations (rel.7), versor i is the OX axle versor
(it has the module equal with 1 value and the orientation along

the positive sense of this axle); also, in this paper, versor | is
the OY axle versor and versor K is the OZ axle versor.

Similar computation (as rel.7) must be implemented about
OY and OZ axle components of position vector; it results next
values: p, =5.12- j and p, = 7.12-Kk ; so, after 3 periods of
time, the location matrix of the robotic arm is:
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100 p,] 100 312
6 |0 10 Py 010512 ®)
10 01 p,| |00 1 712

000 1]|000 1

In the acceleration stage, about the last sampling period of
time, the considered acceleration may be less then maximum
value of acceleration, in order to reach the imposed constant
speed. Let consider the number of sampling period of time

required for acceleration stage, named: N, ; it results the
acceleration for the last sampling period of time:

acc,, =V N .. —1) -accy,, )

impoz _( Acc

For example, if the maximum acceleration value is 200
mm/s; the value of sampling period of time T =0.01 s. The
speed at the motion start has 0 value and the constant imposed
speed is 9 mm/s, it results the speed values, during the
acceleration stage, at every sampling period of time, having
those values: 0; 2; 4; 6; 8; 9 mm/s (for the last period of time,
during acceleration stage.

The acceleration has the value of 100mm/s, which is the
maximum value possible). It results the number of sampling
period of time for acceleration stage (named: N, ), about this

example is 5.

B. Motion with Imposed Constant Speed

The next motion stage is performed with the constant
imposed value of speed, named: Vimpoz: Usually, motion upon
an imposed well-defined trajectory (linear or circular) is
executed with an imposed constant speed.

Let consider an imposed linear trajectory and the axle

components of the imposed constant speed: V vy

X ,impoz; ,impoz;

Y It results the axle steps, executed by the robotic arm,

Z,impoz"
named: 0,;0,;0,, at every sampling period of time (named
T),during this motion stage:

o,=T-v

X,impoz
o,=T “Vy impoz (10)
52 = T : VZ,impoz

It results the axle components of position vector, indexed |,
(index I starts with 1 value), for every sampling period of time,
during this motion stage:

py,l = ﬁy,l—l +5y ' I = p'y,NAcc +1 '§y ’ ] 11)
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rjz,m = pz,m—l +5z E = rjz,NACC +1 'é‘z E

In previous relation (rel.11), Py Py, ;i Py, are
' CC 1 CC ' cC

the initial values of axle components of position vector, about
the second stage of motion; those values are identical with
position vector axle component values, at the end of the first
stage of motion, the acceleration stage.

For example, let considers those values: Py, =10-1

[mm]; By, =100-] [mm]; P,  =1000-K [mm].
Let considers the axle steps having those values of millimetres:
o, =111 [mm]; &, =1.22 [mm]; &, =1.33 [mm]. It

results the axle components of position vector, at every
sampling period of time (index I), during second motion stage:

P = P, +1-6,-1 =107 +1-1.11-7

By, =By, +1-6,-7=100-j+1-1.22-] (12)

— —

B,y = Py, +1+, -k =1000-k +1-1.33-k

Considering rel.12, it may be computed the position vector,
at every sampling period of time, during the motion with
constant imposed speed (the second stage of motion). For
example, after 200 sampling period of time, the axle
component of position vector have the values:

Broo =10-T +200-1.11-T = (10+222) - =121-T
By 200 =100- ] +200-1.22- ] =344 ] (13)

P, 200 =1000 -k +200-1.33-k =1266 -k

It result the location matrix for every sampling period of
time. In order to work with different index value about location
matrix during all three motion stages, it must be considered:

NACC; so, during motion with constant speed, (index I), the
location matrix is:

100 p,|] [t 00 122
o 010 p,[_[010 34 (14)
"Nee 1000 1 p,| |0 O 1 1266

000 1 000 1

In previous relations (rel.11; rel12; rel.14), the index | goes
from 1 (one) value to Ngpeonst: The value of Ngpeonst results from
conditions defined about others two motion stage (as it follows
the explanations). So, the distance performed during the
acceleration stage (the first stage of motion) and deceleration
stage (the third and the last stage of motion) must be computed.

The start point and the stop point, about motion upon the
imposed linear trajectory, must be defined; it results the entire
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distance of motion. Deducting from entire distance of motion,
it result the distance of the second motion stage (motion with
constant imposed speed). Considering this distance value and
the value of imposed constant speed, it results the time required
for the second motion stage. It must be divided this time value
to the value of sampling period of time; so, it results Nspeonst
(last index value about second stage of motion).

During first and second motion stage, the required number
of sampling period of time is: Nacc +Nspconst-

C. Deceleration Stage of Motion

About the third stage, the deceleration stage of motion (the
last motion stage), the variation of speed (indexed q) is:

Vg =V, — T -dec, (15)

The deceleration value, named dec,, has not a constant
value, it has a decreasing value, in purpose to ensure a precise
positioning, at the motion end (the b value is a constant and

adjusts the decreasing of speed with several others
characteristics of motion):
b
dec, =— (16)

q

For example, let consider b=50, it results the values of
deceleration: dec;=50 mm/s®; dec,=12.5 mm/s* dec;=5.55
mm/s?; dec,=3.11 mm/s®; decs=2 mm/s’.

During the deceleration stage, the speed decreases, till it
reaches the 0 value.

The time lapse, during the deceleration stage, is very well
defined, linked with the number of sampling period of time
required for the deceleration stage, named Npe (index g goes
from 1 value to Npe Value). It results from those conditions: it
begin with Ving, and end with O value of speed, about
deceleration stage:

V V

g=0 (17

impoz —

=0 (18)

NDEC

The computation method must consider the different values
of speed axle components; so, the previous conditions must be
applied for the maximum value of speed axle component:

Vq:l = max( Vx,impoz; Vy,impoz;vz,impoz) (19)

Considering the previous computation example, this value
is the maximum from: 111 mm/s; 122 mm/s and 133 mm/s.

The number (named Npe) of sampling period of time,
required for deceleration stage, is:

__ b (20)

max(vx,impoz;Vy,impoz;vz,impoz) 2
(Noe)
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The resulting number must be the next integer value,

greater then: because the end point approach must be

Vimpoz
done with a very small deceleration.

Considering the previous example of deceleration for OX
axle component of speed, the computation of this axle
component starts with those relations:

Ve, = —T -dec,, =V ~T -50mm/s?

Vx,impoz X,impoz

V.5 =V,,—T-dec,, =v,, T -12.5mm/s (21)

Vi4=V,3—T-dec ; =V, ;T -555mm/s

The initial value of speed for deceleration stage (index
g=0) is the imposed constant speed named: Vimpoz (for motion
on the imposed trajectory).

The similar computation, about OX axle component of
speed, must be applied about OY and OZ axle component of
speed, so, the computation of axle components of speed is:

v =T -dec,,

X,q = Vx,q—l

Vyqg=Vyq1—T -decy,q (22)

Voq =Viga -T -deczvq

Index g goes from 1 value to Npe value, (computed with
rel.21). For each speed axle component, the last value of
deceleration must be adjusted to the proper value, in order to
obtain 0 value of speed.

It results the computation of position vector (index q):

Pyq = Pxga +T Vyg -l

Pyg=PygstT Vg ] (23)

pz,q = ﬁz,q—l +T-v, K

zq

The forth column of location matrix for robotic arm
contains those axle components of position vector (as it was
explained previously), the location matrix during deceleration
stage is:

100 p,,
010
q+NAcc+NSPcons( = py’q (24)
0 01 P.q
0 00 1
The motion with mixt profile of speed needs
N ace T Ngpeonst 7 Npee Sampling periods of time (as it was
explained).
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I1l.  CONCLUSIONS

The paper defines and describes the real-time computation
method named mixt profile of speed (speed variation), for
motion on an imposed linear trajectory.

The motion implementing mixt profile of speed has three
stages: acceleration stage; motion with constant imposed
speed; deceleration stage.

The paper shows the real-time computation of mixt profile
of speed, for a robotic arm motion, on a linear trajectory. For
each of the three stages of motion, the position vector may be
computed with relations (4), (12) and (23), thus it results the
location matrix of the robotic arm relations (5), (14) and (24).

The proposed MPS method implements the maximum
computation precision, for robotic arm motion, upon an
imposed linear trajectory, with a constant imposed speed.

The method offers the best precision for reaching the end
point of motion; also it obtains a precise value for required
motion time.
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