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Abstract

The article discusses the possibility of using LabView graphical environment for visualization and quick and easy
identification of parameters of the dynamic system. For further analysis a human driver model, sitting in a car seat,
fastened with seatbelts is used.

This model consists of eight rigid solids. The solids reflect parts of the human body. In the model head and neck
are separate segments. The torso is divided into three parts: upper torso, middle torso and lower torso. In this model
also a leg is a separate segment. The leg is divided into three parts: thigh, lower leg and foot. The individual solids
are connected by torsionally vulnerable joints. Additionally a seat back was modelled too, which limits the movement
of three segments of the torso. Similarly as in the standard car with the seat equipped with a three-point safety belt, in
the model presented in this article, the location of the upper and lower seat belt was modelled and shown. The whole
model has two frames of reference.

For this purpose, a graphical language program was developed, in which by changing the settings of analogue
units representing parameters such as mass ratios, stiffness, damping, moments of inertia, it is possible to determine
the impact of these parameters on the delay shapes, speed, energy, etc.

Keywords: mechanical system parameters, the coefficient of stiffness, damping, graphical environment, LabView
1. Introduction

The analysis of static and dynamic conditions of mechanical and electrical systems shall be
based on a mathematical model [2, 5, 6]. Dynamic model equations are derived based on
Lagrange equations of the second kind. Electromechanical parameters in the model are
determined based on detailed knowledge of construction and materials (which are not always
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known) or based on experimental studies on the basis of approximation or time-frequency
characteristics obtained from measurements. The coefficients of the mathematical model
(masses, moments of inertia, stiffness, damping, etc.) should be selected in such a way that the
waveforms received on the basis of the model accurately reflect the waveforms obtained from
the measurements [1-3, 7].

This article presents the possibility of using LabView graphical environment for quick and
easy identification of mechanical parameters of the mechanical system by 10 degrees of freedom
(adriver sitting in a car seat, fastened with seatbelts).

2. Dynamic model

The following assumptions have been taken into account while building a mathematical model
of a dynamic man-driver, sitting in a car seat, fastened in a seat belt for computer crash test
simulation:

- aflat model (movement in an XOZ car plane, further referred to as X,0Y, plane),

- model elements (particular solids) are treated as perfectly stiff,

- the arrangement of solids corresponds to particular parts of the body,

- the location of weight centres and moments of inertia of particular solids are known,

- solids are linked by articulated joints prone to torsion of a line stiffness and damping,

- no clearances occur among particular solids,

- the only input influencing the arrangement is Vx initial speed,

- chest bend has not been taken into consideration,

- belts are modelled as susceptible elements of Kelvin-Voigt,

- gas air bag has been modelled as a susceptible line element of Kelvin-\oigt.

The structure adopted for testing the dynamic model of the driver of 10 degrees of freedom is
shown in Fig. 1. The model has 10 degrees of freedom: with 8 degrees are associated with the
angular displacements a; - ag of individual blocks relative to each other, and 2 degrees are
associated with the movement of the entire system in the x and y plane.

To conduct the analysis, 2 rectangular Cartesian systems of coordinates were applied, where
the first one is a supplementary one:

- XoOoY, — it is a motionless system of coordinates placed inside a car. X,Y, plane sets
amovement of an O point on a specified track, the direction of X, axis is parallel to
a lengthwise axis of a road, whereas the direction of Y, axis a perpendicular one. The O point
is fixed at the point of intersection of lower seating plane with support seating axis. The
location of O, is constant and fixed to car mass.

- XOY —itis an auxiliary system of coordinates moved within X,Y, of X, and y, length. Point O
was established as the beginning of the system, located at the link point of trunk and thigh
mass. Such system outlines rotation of particular solids over o angle against X axis. During
a collision XQOY system moves by X, and y, value against X,O,Y, system.

Motion model is described by two coordinate systems, immovable X;00Y, and movable X0Y
which has the ability to move in the direction of the X, or Yy axis. In this model, m; - mg masses
have the ability to move relative to each other at an angle a. This model consists of 8 blocks
connected by joints. At the same time, it was assumed that the joints are vulnerable elements of
linear characteristics. Starting from the top, the first block is the head, the second one is the neck
and the trunk has been divided into three parts: the top one which symbolises the chest, the
middle one which symbolises the belly and the lower one which is the abdomen and the hips.
The leg has been divided into three parts: the thigh, lower leg and the foot. The block, that
reflects the upper torso, in the assumptions, adopted more weight since the weight of hands has
been added. Furthermore, it has been assumed that the only enforcement affecting the system is
the Vi initial velocity.
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Fig. 1. The structure adopted for testing the driver model of 10 degrees of freedom

Structure of the dynamic model shown in Fig. 1 is represented by the kinematic dependencies
that depend on the position of the x and y axis and the a; - ag location angle. Kinematics
compounds against Y axis are described by the following relations:

Yi =Yy +1ssinlas + as, )+ 1y sinla, +ay, )+ sinlag + ag, )+ L sinla, + a,, )+ 1, sinlg +ay,),

Yo =Yp t15 sin(as + a5p)+ ly sin(a4 + a4p)+ L sin(as + a3p)+ L sin(ag + C‘Qp),

Ys =Yp +1s sin(as + a5p)+ L sin(a4 + a4p)+ Lsr Sin(as + aSp)’

Ya =Y +1s5 sin(a5 + a5p)+ Lagr sin(a4 + a4p),

Ys =Yp + lSs‘r Sin(as + aSp)’

Yo = Yo +lesr Sin(% + a6p)l @

Y7 =UYp t+1ls sin(a6 + a6p)+ Lsr sin(a,7 + a7p),

Ys =Y +1s sin(a6 + a6p)+ l; Sin(% + a’7p)+ lysr Sin(as + a8p),

where:
y1-Yys - displacements of segments in the y direction,
l-lg - segments' length,

lisr - lsge - location of mass centres,
a1 - og, - values set of angles,
a1p - ogp - Values of initial set of angles.
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Kinematics compounds against Y axis are described by the following relations:
x; =X, +15 codas +as, )+ 1, coday +a,, )+ 15 codas +az, )+ 1, coda, +ay, )+ 1 coda; +ay ),
Xy =X +1s coia5 +a5p)+l4 coiazz +a4p)+13 cos(a3 +a<3p)+l2ér 00402 +an),
X5 =X, +1s cos{as +a5p)+l4 cos{a4 +a4p)+l3ér cos(a3 +a3p),
Xg =X +1s cos(as +a5p)+l4ér cos(a4 +a4p)’
X5 =X, +lsge cos(a5 +a5p)’
X = Xio +lggr Coiaé "‘aﬁp),
Xy = %o +15 00dag + g, )+ 175, codlay +az,,), )

Xg =X, +1g COS(% +a6p)+l7 005(07 +a7p)+lssr COS(as +a8p)’
where:
X1 - Xg - displacement of segments in the x direction.
Potential energy Ep of the system is described as follows:

Ckpla—ay)f kplay-as) kglag—af kpulay-as) kys(as—as)
p = + + + + + (3)
2 2 2 2 2
2 2 2 2 2 2 2
kp6(a‘7 - a6) 4 kp7(a8 - a’7) I kpadx3 4 kpaéZxS i kopx’s I kopx4 n kopx5 ’
2 2 2 2 2 2 2

where:
Kpast, Kpas2, Kop - Stiffness coefficients of seat belt and backrest,
Kp1 - Kps - stiffness coefficients of segments joints.

Rayleigh equation is described by the following relations:

[ ] [ ] 2 [ ] [ ] 2 [ ] [ ] 2 [ ) [ ] 2 [ ] [ ] 2
Cp1[‘11‘ az] CpQ[aQ_ "SJ Cps{as‘%] Cp4(a4_ asj "ps[%‘ %J
R= + + + + (@)
2 2 2 2 2

(- -]2 [ -]2 2 .2 2 2,2
C — C —

p6a7 % p7a8 7 +cpaéx3 chaSXS +Copx3 +copx4 +copx5
2 2 2 2 2 2 2

l

where:

Cpas, Cop - damping coefficients of seat belt and backrest,

C1 - Cg, Cp1 - Cpg - damping coefficients of segments joints.
Kinetic energy Ek of the system is described as follows:

.2 .2 .2 .2 .2 .2 .2 .2 .2 .2

E ="M Y X2 MoYp MeXs oYy MaXs Yy 6% 16 Ys
2 2 2 2 2 2 2 2 2 2 (5)
.2 .2 .2 .2 .2 .2

mﬁx6+m6y6+m7x7+m7y7+mgx8+m8y8+
2 2 2 2 2 2

.2 .2 .2 .2 .2 .2 .2 .2

Ilal +I2a2+I3a3+I4a4+15a5+16a6+17a7+18a8 ,
2 2 2 2 2 2 2 2

where:
I, - 1g - inertia moments of segments.

3. Graphical solution of dynamic model

The LabView environment is the ultimate graphical and text tool used to create virtual
instruments, measurement, data processing, device control, and is an excellent mathematical
environment in which it is possible to solve differential equations (including non-linear ones).

154



Possibilities of Graphical Environment Application for Determining Parameters of the Mechanical System

As in the case of LabView environment systems of differential equations can be calculated in two
ways. The first way is to use ODE block (Ordinary Differential Equations): formula string, using
the so-called. "clusters” in which the system of equations is input directly. The ODE block is
available when you expand the Functions palette in Mathematics tab - Differential Equations -
Ordinary Differential Equations - ODE solver (ODE V1) as shown in Fig. 2 [4].

4] Qrdinary Dfferential Equations

¢ RK4hOrder K 5thoy
[Fei]

Change Visible Palettes. .

Fig. 2. Selecting a Ordinary Differential Equations bookmark - ODE solver

To transform the ODE VI into ODE formula string, click the right mouse button on the ODE VI
(Solver) and then choose Select Type - ODE solver - F (x,t) is formula string, as shown in Fig. 3 [4].

Jrine

lg-\” v"

Find Polymorphic WI

Help Far Palyrmorphic YT

Select Type 3/ Automatic |

QCE Solver » Fi, k) is w1
Fix, k) is Farmula string |

Fig. 3. Transformation of ODE VI into ODE formula string

Once the above-mentioned block has been created (ODE formula string) input and output of
functions should be derived using the right mouse button. ODE formula string has six outputs,
which are described below:

- The parameters under which simulation research is carried out - Simulation parameters,

- initial values - x0,

- ODE RHS,

- times,

- Outputs

- Errors.

Inputs can be selected in two ways:

- control - control of parameters from the front panel in a real mode,

- constant reference values only possible when creating the program (without the possibility of
changes during the program).

When creating a program, the order of parameter input and definition is optional. In the
following example in Fig. 4 two variables i1 and i2 have been defined, and the input values are
defined as constant. The example in Fig. 4 implements the following system of non-linear equations:

o= (- 2+ 22, (6)
B o (=34 100 +a0e2, (")
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In the Simulation Parameters a dialogue box appears with parameters such as: start time, end
time, tolerance, step and function. Selection of the number of initial values and equations is to
stretch “cluster”.

(QDE RHS

[-EHE+2TH] + 22
(31741 - B2

[Fite

QDE : Formula skring =

Fig. 4. Preparing the system of differential equations with two variables i1 and i2 to the solution

After saving the system of differential equations with two variables i1 and i2 state (Fig. 4) the
next step is to develop the XY Graph that will show the waveforms of desired state variables. To do
this, for the two state variables il and i2, one-dimensional arrays (with data) to “clusters” need to be
replaced. Use the Bundle function located in the tab: Programming - Cluster, Class & Variant.
When you replace the variables i1 and i2 into “clusters” a matrix using the Build Array should be
developed. Fig. 5 and 6 show two windows respectively: Block Diagram (with a graphical program)
and Front Panel (presenting the results of simulations), which implement the first way of solving the
system of non-linear differential equations with two variables i1 and i2 state.

CDE RHS

Fix,E)
A0 Ifcsrtrzi + 2tz

-3H-17H1 - 6HER2

ODE Solver . vi

A

simulation parameters

]
3

Runge-Kutta 1 {Edler)
Runge-Kutta 2

Runge-Kutta 3
 Runge-Kutts 4

Runge-Kutta 23 {variable)
Runge-Kutta 45 (variable)
BDF (wariable)

Adams-Maoulton (variable) stop
Rosenbrock (variable) B
m Discrete States Only

Fig. 5. The first way to solve the system of non-linear differential equations with two state variables - Block Diagram
window with a graphical program
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Fig. 6. The first way to solve the system of non-linear differential equations with two state variables - Front Panel
window

The second way to solve the system of differential equations is to generate two vectors il and
i2 using a sub-program calculating F(x,t). Time in the program is generated using the Ramp
Pattern function. Moreover, the created program uses for a loop and the structure of Formula
Node. This way of programming using the structure of Formula Node is similar to Matlab, with
the exception of the declaration of variables. Note, however, that the fault “Formula Node” block
is the lack of calculations using complex numbers, which in the case of the dynamic model
considered in this paper does not apply. The following steps show the second way of solving the
system of non-linear differential equations with two state variables il and i2 together with
a description of equations (6) and (7).

Figure 7 shows the structure of Formula Node, which during the input t time has been added,
while during outputs by writing in the structure of Formula Node a0, al, a2 and a3 parameters
have been specified depending on t time along with the initial rhs.vi. ODE function template.

a) b)
Ramp Pattern. vi al=-5%+2; _
: = ol e Zttj | Fémld,q ray Transpnse 20 Array
az=-3"%-1; ==
0 a3=-6M; R
Ramp by Samples
)
. .
1 Fo bl
[ 3 El
1 ] ) |
_____ phintidt
i1
ko P — |
| [ errar out,
— ]|
@ Idata !
[

Fig. 7. Specification of a) time-dependent parameters using Formula Node structure and b) rhs.vi ODE function
template
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Using the Build Array function (Fig. 7), a matrix has been constructed, while at the output by
using the Transpose 2D Array function a transpose matrix has been created. To check the vectors
of parameters to a “cluster” form the Bundle By Name function needs to be used. Block Bundle By
Name function inputs need to be set as Constant (as is the case in a given time step), while the
outputs are connected to the ODE VI function. Other activities (apart from F(x,t) function) are set
as in the first example for ODE: formula string. In the case of F(x,t), rhs ODE subprogram needs
to be written setting up this feature in a separate window. rhs ODE function template can be found
in LabView \ vi.lib \ gmath \ ode.llb \ “ODE rhs.vit.” Fig. 6 in addition to the structure of Formula
Node, the template of created rhs ODE VI has also been presented. The subprogram, among others,
uses the date functions. Fig. 8 shows the subprogram setting il and i2 derivatives as a function
of x '(t) = F (x,t).

a) b)
Search Ordered Table,vi
it
Iy
F E_*E
QODE
t Threshold|1 ths
DBL b—i'__éh% Ié?ex frray . Functicn
P
—{cubic Hermite * wt O [oBL)
Fnialezienie
inde:u b
data Yariant To Data O+ Interp
:I I
b vector '3?
alt) F Interpolate 10 Array @ 0§ =
5 Warkoge wekkordw a &z
0 _I dia daneqo t 53
‘ﬂ m errar aut
e —y 5|

&
i
r
i

Fig. 8. Subprogram setting i1 and i2 derivatives as a function of a) the views of the Block Diagram window, and b)
view of the created VI

To connect the formed ODE rhs block(Fig. 8) to created main program ODE rhs should be
previously saved as VI and go to the main program. In the main program, click the right mouse
button on the ODE rhs pad (VI setting) and go to the Application Control palette, and then select
the Static VI Reference. Then there is a folder with a question mark, which should be clicked with
the right mouse button and choose the path of access to the Browse for Patch subprogram and
select created ODE rhs subprogram (which has been previously saved). The next step is to re-click
the right mouse button on the ODE rhs pad and select Strictly Typed VI Reference. Such a ready
file with the subprogram must be connected to the ODE VI function as shown in Fig. 9. Fig. 9 and
10 show respectively the Block Diagram window with the graphical program and the Front Panel
window. These windows realise the second way of solving the system of non-linear differential
equations with two variables il and i2 state.

Waveforms of Fig.6 and 10 are identical. Both ways of solving non-linear differential
equations can therefore be used for simulation studies to create a dynamic model of 10 degrees of
freedom, which will be presented below.
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Build Array

o

%Y Graph
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simulation parameters

Initial Time 0
Final Time 3
Time Step 0,05

Absolute Tolerance 0,001
Felative Tolerance 0,001

Continuous Solver |<>Runge—Kutta 4 |

Discrete Time Step [

Minimum Time Step |1E-3
Maximum Time Step 1
Initial Time Step 0,01

Fig. 9. The second way to solve the system of non-linear differential equations with two state variables - Block
Diagram window with a graphical program, b) Front Panel window
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Fig. 10. The second way to solve the system of non-linear differential equations with two state variables - Front Panel
window
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4. Dynamic model of 10 degrees of freedom realized by using the graphical environment

For the dynamic model of 10 degrees of freedom (the driver sitting in a car seat, fastened with
seatbelts) described with non-linear dependencies 1-5 graphical software in G language in
LabView has been developed on the basis of which, it is possible to carry out simulation studies of
the impact of various factors on the waveforms of desired state variables. Fig. 11 shows the view
of the Front Panel window with a part of the program showing how to connect the analogue units
(i.e. experimentally adjustable rates seen on the left) to the structure of Formula Node. The
window shown in Fig. 11 enables the change of the following factors: m; - mg — the weight of
individual blocks, I; - Ig - the length of individual blocks, 14 - lgs - the length of individual blocks
from the centre of each block, I; - Is - moments of inertia and ayp - agp - angles of the initial
position of each block.

File Edt View Project Operste Took Window Help |§

o el (s [ B 0

A=l emem3smi+mSs mbm

A,

A3=-ndllsrsinfalfatsaflp;

A= 22D sin(alfas )

ALS=- (2 Bem3Bstiafad+a3p):
A6 sm2emd) e méssinflfbe )
@ @ @ @ @ @ Q Q AT+ md )5 mS st sinefsSaaSp)
A8+ 6t sin il

AL=-(mB*7+m7*Ts)"sin(alfal+alfalp);

) INSTRUMENTS
@ E E Q E Q @ @ ’LaI)VIEW Evaluation Software

Fig. 11. A part of the created program - view of the Block Diagram window

M NATIONAL

Program part shown in the Formula Node window calculates the following factors:
A(1,1)=ml+m2+m3+m4+m5+m6+m7
A(1,2)=0
A(1,3)=-m1*I1sr*sin(alfal+alfalp)
A(1,4)=-(m1*I2+m2*I2sr)*sin(alfa2+alfa2p)

160



Possibilities of Graphical Environment Application for Determining Parameters of the Mechanical System

A(1,5)=- ((m1+m2)*I13+m3*13sr)*sin(alfa3+alfa3p)
A(1,6)=-((m1+m2+m3)*l4+md*l4sr)*sin(alfad+alfadp)
A(1,7)=-((m1+m2+m3+m4)*I5+m5*I5sr)*sin(alfab+alfa5p)
A(1,8)=-((m7+m8)*I6+m6*I6sr)*sin(alfa6+alfabp)
A(1,9)=-(m8*I7+m7*17sr)*sin(alfa7+alfa7p)
A(1,10)=-m8*18sr*sin(alfa8+alfa8p)

Figure 12 shows the view to the Front Panel window of the part of program showing described
analogue units shown in Fig. 11.

Wweight [kg]
m1 m2| m3| ma| ms| mé] m7| ms|
R Gl ek i sl N Gl el i
] £ g g i g g £t
V< < < S < V< < V<
Ay o * e * rom— " rym—— AR——— A A———
o o o° o o ° wl° o0
Length of blocks [m]
n 12 LEl 1a] Is| e 1] ]
gonl, - ol b i ol gon -
- gy g = r ) ] = o ) g = r )
~I ~ s -1 ~ 1 ~ I ~ 1 w.s ~ " ~
. rEE . N, N, (s Wiy " Pr— N, s T
0 7o o 0 0 0 0 0
Length of blocks from the centre of each block [m]]l
I1sr 1251 13sr l4sr I15sr l6sr I7sr I8sr
e By g g g 5 o b
= | = — = = = —f = — = = = — = = | =
Na = oy = 3 = - = 3 = - - 3 = - =
",:,[n'"' ",}'d"' g;o ;}Cu"" ",:}jn"" g}o o 30
Moments of inertia [kg“‘m"?]l
il 2] =l ] i) | 7| 8
Sl g e g =y 7 g = 7 g
= | = = | = = | = = = = | = = = = | = = | =
A = = - = A = 3 = 1 = 3 = = = 3 =
o Q.._n oo Q.._u "v}.u o oo o
Angles of the initial position of each block [rad]|
alfalp alfazp alfasp alfadp alfasp alfasp alfa7p alfagp
<ol ol St Sl <ol Lol et Sl
7 4 i W 4 i f i W 4 i = 4 i W 4 i f i W 4 i
= 5 N = = 5 = = = 5 = = = 5 = =
o g ao o go do do £ I

Fig. 12. View of the Front Panel window of the part of a program created with analogue units (from Fig. 11)

In a similar way as in Fig. 11 and 12, other factors need to be connected (Kpas1, Kpas2, Kop — the
coefficients of stiffness of the waist and back, kp; - kps — coefficients of stiffness of joints in blocks,
Cpas, Cop — damping and seat belt coefficients, ¢; - Cg, Cp1 - Cpg — damping coefficients joints in
blocks) to the structure of Formula Node. Fig. 13 shows another part of the program that uses the
Front Panel window and two windows of Formula Node structure to calculate the following B and
Bzag coefficients.

The structure of the Formula Node on the left (Fig. 13):

B(1,1)=0

B(1,2)=0

B(1,3)=(- m1*l1lsr*cos(alfal+alfalp))"2

B(1,4)=-( (m1*I12+m1*I2sr)*cos(alfa2+alfa2p))"2
B(1,5)= -(((m1+m2)*I13+m3*I3sr)*cos(alfa3+alfa3p))"2
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B(1,6)=-( ((m1+m2+m3)*I4+m4*I4sr)*cos(alfad+alfadp))"2
B(1,7)=-( ((m1+m2+m3+m4)*I5+m5*15sr)*cos(alfa5+alfa5p))"2
B(1,8)=-( ((m7+m8)*16+m6*I6sr)*cos(alfa6+alfabp))"2
B(1,9)=-( (m8*I7+m7*I7sr)*cos(alfa7+alfa7p))"2

B(1,10)=-( m8*18sr*cos(alfa8+alfa8p))"2

b)

§

i

i
e
=
(65t |
=i
s

5|

ﬁ

EERsssesARARREEERERE
=000 0 R IRERBBEREEH

& NATIONAL
S T

Fig. 13. Another part of the program (shown in Fig. 11) that uses the Front Panel window and two windows of
Formula Node structure to calculate the following B and Bzag coefficients
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The structure of the Formula Node on the right side (Fig. 13):
Bzag(1,1)=czag!/
Bzag (1,2)=0
Bzag (1,3)= -czag#* I1sr*sin(alfl+alfalp)
Bzag (1,4)= -czagf* 12*sin(alfa2+alfa2p)
Bzag (1,5)= -czag#* 13*sin(alfa3+alfa3p)
Bzag (1,6)= -czag#* 14*sin(alfad+alfadp)
Bzag (1,7)= -czag* 15*sin(alfa5+alfa5p)
Bzag (1,8)=0
Bzag (1,9)=0
Bzag (1,10)=0

After completing the remaining equations, graphical visualization of the impact of individual
factors, and desired shape parameters for the waveforms, needs to be started with non-zero
coefficient settings my - Mg, Iy - |81 Ilér - |g§r, I - |8, kpasl: kpasZa kop1 kp1 - kp& Cpass Cop, C1 - Cg, Cp1 - Cps
and aap - agp. Then, by input of particular displacements yi1 - yg, X1 - Xg and a1 - ag angles it is
possible to visualize the impact of various parameters on the speed waveforms, acceleration or
energy, etc.

5. Conclusions

The article presents the possibility of using LabView graphical environment to build
a dynamic model (the driver sitting in a car seat, fastened with seatbelts) of 10 degrees of
freedom. For this purpose, a program has been developed in G graphical language (in the
LabView environment) which by changing the settings of analogue units allows continuous
visualization of the impact of parameters on the delay waveforms, speed, energy, etc. calculated
based on the adopted model and depending on parameter values. The illustrated graphical
program uses Formula Node structure, which is connected with analogue units representing
particular coefficients and parameters of the dynamic model. The advantage of the Formula
Node structure is that the programming method is similar to Matlab, which especially for
researcher's familiar with Matlab environment greatly simplifies creating graphics software in
LabView. The program presented in the following work can be used for initial graphical
identification of the dynamic model parameters. Influence of parameters my - mg, Iy - lg, lygr - lggr,
I1 - I, Kpas1, Kpas2, Kop, Kp1 - Kps, Cpas, Cop, C1 - Cs, Cp1 - Cpg @nd aup - agp. as well as desired y; - ys, Xi -
Xg and a1 - ag on delay waveforms, speed, energy, etc. is a large spectrum of solutions and will
be the subject of another work of the authors.
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