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19. UM Control module

19.1. CoSimulation tool

The CoSimulation tool from the UM Control module helps you to export a UM model from
UM for posterior integration into Matlab/Simulink model. To import UM models into
Matlab/Simulink you need to use so-called S-Functions that in fact provide data exchange be-
tween Matlab/Simulink and UM models.

S-Function generally has several input and output signals, as well as several parameters. In-
put signals of S-Function are assigned with UM model parameters that usually describe control
forces or torques (control action). So UM model gets control forces that are calculated at the
Matlab/Simulink side according to control algorithms. Output signals of S-Function are assigned
with UM variables that are created with the help of Wizard of variables and usually refer to
kinematics of a UM model. S-Function parameters are assigned with UM parameters that are
assigned in the beginning of a numerical experiment and are not changed during the simulation
process, for example it could be inertia and geometry parameters, stiffness and damping coeffi-
cients and so on.

S-Function should be used along with specially generated m-file in Matlab programming lan-
guage that loads UM COM-server, a UM model and control all data exchange between applica-
tions, see Sect. 19.1.2. "Structure of m-file", p. 19-8.
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19.1.1. Work under UM environment

M-file for an S-Function is generated automatically with the help of Wizard of export to
Matlab/Simulink under the UM Simulation environment.

19.1.1.1. Wizard of export to Matlab/Simulink

Wizard of export to Matlab/Simulink generates m-file as well as .cosim file that includes
all information concerning input and output signals and S-Function parameters. The detailed
manual how to work with Wizard of export to Matlab/Simulink you can find in the [Getting
started: Matlab/Simulink interface] chapter of UM User’s Manual.

Using Wizard of export to Matlab/Simulink (UM Simulation | Tools | Wizard of export
to Matlab/Simulink menu item) you can create and describe necessary input and output signals

and S-Function parameters, see Figure 19.1.

a Wizard of export to Matlab/Simulink
& @& X
Inpuks | Outpuks | Parameters
Close

Figure 19.1. Wizard of export to Matlab/Simulink

Input signals and parameters of S-Function are assigned with UM-model parameters. That is
why it needs to include all necessary parameterized force elements at the stage of the model de-
scription in UM Input. To assign input signal to a UM model parameter, double click on the
necessary item in the Inputs list (see Figure 19.1) and select the parameters in the dialog win-
dow, see Figure 19.2.


Getting%20Started/gs_um_control.pdf
Getting%20Started/gs_um_control.pdf
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Input signal m |

Azzign input zignal of S-Function to the following Uk parameter:

Ifn:nrn::e j

—Aazigh also..
[ Mo identifiers of the same name

] Canicel

Figure 19.2. Connection input signals with UM model parameters

Output signals of the S-Function are assigned with UM variables. Use Wizard of variables
to create necessary variables and simply Drag-and-Drop them to assign with the certain output
signal. So, any variable that can be created with the help of Wizard of variables can be assigned

as the S-Function output signal.
19.1.1.2. Including several UM models into Matlab/Simulink model

If you want to include several UM models into the same Matlab/Simulink model you have to
create S-Function and create separate m-file for each UM model even for the same UM model.

Firstly you need to describe input and output signals and S-Function model parameters as
usual and prior to generating the m-file you should open the Settings of m-file generation dialog
box by clicking E button, see Figure 19.3.

Settings of m-file generation m

Indesx of variable II:I ‘EI

[~ show graphical windaw
[~ show animation window

[+ Synchronize at each step

Synchronization step, s I

Ik Zancel |

Figure 19.3 Settings of m-file generation

Every model should have the unique global variable in Matlab terms, see 4/ variable in m-
file code in Sect. 19.1.2.1. "Initialization", p. 19-8. All global variables are named as 4/Index of
variable]. So the user has to provide uniqueness of names of global variables in all m-files used
in the same Matlab/Simulink model. If you use the only UM model in Matlab/Simulink model
you need not to care about that. So you have to set Index of variable to 1 for the first mode, to 2
for the second one and so on. The only important issue is providing the uniqueness of names of
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Matlab/Simulink global variables. After setting the unique index, you have to save .cosim file
and regenerate m-file with also unique names.

19.1.1.3. Settings of m-file generation

The dialog window with settings of m-file generation is shown in Figure 19.3. Let us consid-
er these settings in details.

Index of variable

This setting is used if one Matlab/Simulink model includes several UM models, see
Sect. 19.1.1.2. "Including several UM models into Matlab/Simulink model”, p. 19-5 for details.

Show graphical (animation) window

Turning on these flags leads to including special code into m-file that will show graphical or
animation UM windows under Matlab/Simulink environment. It will give you a possibility to
visualize UM model and processes. It might be extremely useful especially on the stage of test-
ing models and their interaction.

Synchronize at each step

Turned on Synchronize at each step flag means that data exchange between
Matlab/Simulink and UM will be initiated at each step of numerical method of Matlab/Simulink.
Turn off the flag to set a value to Synchronization step, in fact the data exchange step between
Matlab/Simulink and UM.

In some cases, when the frequency of processes in a Matlab/Simulink model is much higher
than the frequencies of the mechanical part, it is recommended to carry out data exchange with a
step-size larger than the integration step-size, which is set (or selected automatically) in
Matlab/Simulink environment. In such cases, it makes sense to integrate high-frequency (for ex-
ample in electrical part) and low-frequency (in mechanical part) processes with different step-
size. This significantly reduces the computational efforts and accordingly accelerates the process
of numerical simulation.

A typical example of such a system is a model of a control system of an asynchronous motor
described in Matlab/Simulink and connected with a mechanical system modeled in UM. The fre-
quencies of an electrical part (PWM) in this case would be several orders of magnitude higher
than the highest frequency of mechanical part. In particular, this means that the step of modeling
the electrical and mechanical parts will be different about the same proportion.

In practice, using rational synchronization step usually speeds up the simulation of such
models by several orders almost without any significant errors in simulation results. For most
practical purposes, the recommended interval of the synchronization step is [0.0001; 0.01].
However, prior to using this approach it is strongly recommended firstly to check its influence
on the simulation results. To do this, carry out a few test calculations with different synchroni-
zation step, starting with the synchronization step close to the step model in Matlab / Simulink,
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with a gradual increase the step, and thus choose the optimal step synchronization step from ac-
curacy / simulation time point of view.
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19.1.2. Structure of m-file

Here you can see syntax of m-file:

[sys, x0, str, ts]=f{t, x, u, flag, pl, p2, ...), where

fis the S-Function name;

t is the current (simulation) time;

x 18 the vector of state variables;

u is the vector of input signals of the S-Function;

flag is the variable that dispatches the current stage of the simulation processes (initialization,
calculation of output values or termination);

p1, p2 are S-Function parameters.

During the simulation process Matlab/Simulink calls f function one time on the initialization
and termination stages and repeatedly on each time-step for calculation of output values.

Let us consider the content of m-file for every stage:

¢ initialization (mdlInitializeSizes);

e calculation of output values (mdlOutputs);

e termination (mdlTerminate).

19.1.2.1. Initialization

When flag is equal to 0 the initialization mdlInitializeSizes function is called. Here the basic
characteristics of S-Function like number of input and output signals are described. Below you

can see the source code of the initialization procedure.

function [sys,x0,str,ts] = mdlInitializeSizes()
sizes = simsizes;

sizes.NumOutputs=1;

sizes.NumInputs=1;

Sys = simsizes(sizes);

x0 = []; % No continuous states
str = []; % No state ordering

ts = [0]; % Inherited sample time
global hl

hl=actxserver ('UMCosimulation.UMMatlab') ;

hl.LoadObjectFromFile ('C:\UM\samples\tutorial\inv_pend cosim \input.dat');
hl.LoadMatlabSettings ('C:\UM\samples\tutorial\inv pend cosim

\inv_pend cosim.cosim');

hl.ReadTotalConfiguration ('C:\UM\samples\tutorial\inv_pend cosim\inv_pend cos
im');

hl.Preparelntegration();

Q

$ End of mdlInitializeSizes.

Please note that the simulation of dynamics of UM models is supported by UM COM server
that includes UM mathematical core. At the initialization stage, an instance of the COM server is
created and some of its methods are called.
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Creating instance of COM server

hl=actxserver ('UMCosimulation.UMMatlab') ;

Loading the model

hl.LoadObjectFromFile ('C:\UM\samples\tutorial\inv pend cosim\input.dat');

Loading settings

Besides UM model itself it is necessary to load UM-Matlab/Simulink settings that are saved

as .cosim file and all UM model settings from .par, .sim, .xv, .icf files with the same name.
hl.LoadMatlabSettings ('C:\UM\samples\tutorial\inv_pend cosim

\inv_pend cosim.cosim');
hl.ReadTotalConfiguration ('C:\UM\samples\tutoriall\inv_pend cosim\inv_pend cos
im');

Initializing the numerical methods

hl.Preparelntegration();

The initialization stage is finished.
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19.1.2.2. Calculation of output values

When flag is equal to 3 the mdlOutputs is called. This function provides transferring input
signals to a UM model, execution of one integration step of a UM model under UM COM envi-
ronment

function sys = mdlOutputs(t,x,u)
global hl

value=[u(l) 0.0];

hl.SetValues (value);
hl.DoIntegrationInterval (t);
sys=hl.GetValues();

% End of mdlOutputs.

Transferring input signals to UM model

h1.SetValues(value);

Here you can see the trick that is used to pass the only parameter to a UM model as a vector.
The second empty (0.0) value is formally passed but not used. It is used just to fulfill formal syn-
tax.

Integration step

hl.DolntegrationInterval(t);

Transferring output signals from UM model

sys=h1.GetValues();
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19.1.2.3. Termination

Subroutine mdlTerminate is called when flag is equal 9 and finalize simulation process in

UM COM server and remove it from PC memory.

function sys = mdlTerminate (t,x,u)
global hl

hl.FinishIntegration();

hl.delete;

sys=I[1;

% End of mdlTerminate.

Finalization of integration process
hl.FinishIntegration();
Destroying the COM server

hl.delete;
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19.1.3. Work under Matlab/Simulink environment

19.1.3.1. Matlab/Simulink configuration parameters

It is strongly recommended to turn off Preferences | Simulink | Launch Simulink Prefer-

ences | Optimization | Implement logic signals as boolean data (vs. double) flag, see Fig-

ure 19.4. Besides that, it also ensures compatibility with models created by earlier versions of

Simulink software.

" » Simulink Preferences

=] 'D} Simulink Preferences
Display Defaulks
@A) Font Defaults Fo
Editor Defaults
Data Management Defaults
= Zonfiguration Defaulks
& solver

@ Data ImpartiExpart

H mization
@ Diagnoskics
{8} Hardware Implementation
{8 Modsl Referencing
@ Simulation Targek
{8 Code Generation

Optimization

General | Signals and Parameters Skateflow

Simulation and code generation
Black reduckion Canditional inpuk branch execution
[] 1mplement logic signals as Boolean data (vs. double)  Application lfespan (days) |inf
[1 use integer division to handle net slopes that are reciprocals of integers
[1 use floating-paint mulkiplication ko handle net slope carrections
Code generation
Data initialization

Use memset to initialize floats and doubles to 0.0

Integer and fixed-point
[] remave code From Flaating-point ko integer conversions that wraps ouk-of -range values

] remave code From Floating-point ko inkeger conversions with sakuration that maps Mal to 2

Accelerating simulations

Carmpiler aptimization level: |Optimizations off (Fasker builds)

[] werbose accelerator builds

) sl

Figure 19.4. Matlab/Simulink configuration parameters
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= 'b} Simulink. Preferences
Display Defaults For Mew Madels
A| Font Defaulks For Mew Models
Editar Defaulks
Data Management Defaults
= Configuration Defaults
@ Salver
@ Daka Import/Export
{a Dpkimization
@ Diagnostics
@ Hardware Implementation
@ Model Referencing
@ Simulation Target
@ Code Generation

Optimization

General Signals and Parameters

Stakeflow

Simulation and code generation

[] nline parameters | Confiqure ...

Code generation
Enable local block outputs
Eliminate superfluous local variables {expression folding)

[] Minimize data copies between local and global variables

IJse memcpy For veckor assignment

Signal storage reuse

Reuse block outputs

Inline invariant signals

Memcpy threshald (Evtes): g4

Loop unrolling threshold: |5

Mazximum stack size (bytesh | Inherit From

|

|l

Rewvert Apply

Figure 19.5. Matlab/Simulink configuration parameters
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"« Simulink Preferences

Optimization

= bﬁ Sirmulink. Preferences S

Display Defaults for Mew Models | Genersl | Signals and Parsmeters | Stabeflow |
| Font Defaults For New Madels Code generation
Editar Defaulks
Data Management Defaults
= Configuration Defaulks

@ Salver
@ Daka Irnpott/Expart
{a' Qpkimization
@ Diagnostics
@ Hardware Implementation
@ Model Referencing
@ Simulation Target
@ Code Generation

[] Use hitsets Far staring state configuration [] Use bitsets For staring Boolean data

9 =

[
|~

Figure 19.6. Matlab/Simulink configuration parameters



Universal Mechanism 10 19-15 Chapter 19. UM Control / CoSimulation
19.1.3.2. Initialization of parameters of S-Function

The connection between S-Function parameters and UM model parameters is also estab-
lished with the help of Wizard of export to Matlab/Simulink. They are indicated in the Pa-
rameters list. After the generation of source code of m-file the list of S-Function parameters are
added to formal parameters.

[sys, x0, str, ts]=f(t, x, u, flag, p1, p2, ...), where

Pp1, p2 are S-Function parameters.

Initialization of actual values of parameters takes place in the Function Block Parameters:
S-Function dialog box, see Figure 19.7. Input actual values in the S-function parameters box
in the same order how they are listed in the Wizard of export to Matlab/Simulink. You can
input as actual parameters both numbers and declared variables from Matlab workspace.

Function Block Parameters: S-Function

S-Function

Lser-definable block, Blocks can be writhen in C, MATLAR (Level-13,
and Fortran and must conform to S-function standards, The
variables t, ¥, U, and flag are automatically passed to the S-function
by Simulink, “You can specify additional parameters in the 'S-function
parameters' field, If the S-function block requires additional source
files for building generated code, specify the filenames in the "S-
function modules' field. Enter the filenames only; do not use
extensions or full pathnames, e.g, enter 'src srcl’, not 'src.c srcl.ch

Farameters

S-function name: | function

S-function parameters:

S-function modules: |

[ [8]:4 H Cancel H Help H Apply

Figure 19.7. S-Function parameters



Universal Mechanism 10 19-16 Chapter 19. UM Control / CoSimulation

19.1.3.3. S-Function with several inputs and outputs

S-Function block has the only input and output port. If it is supposed that S-Function should
have several input and output signals they should be combined with the help of Mux (for input
signals) and Demux (for output signals) blocks like it is shown in Figure 19.8. You can find that
blocks in the Simulink Commonly Used Blocks library.

"« sample E|E| E'

File Edit Miew Display Diagram  Simulation  gnalysis  Code  Tools  Help
(15 nd = ol o | A
-8 EROM=IR YR = (9

sample |

® sample -
= systerm —— P
S-Function
3
Ready 100%: oded

Figure 19.8. Mux and Demux blocks

Mux and Demux blocks are connected with input and output signals correspondingly. The
number of signals for Mux and Demux blocks are specified in Mux and Demux Block Parame-

ters, see Figure 19.9, Figure 19.10.

Function Block Parameters: Mux
[

Multiplex scalar or vector signals,

Parameters
Mumber of inputs:

Display option: |bar

J | ok || cancel || Hep Apply

Figure 19.9. Mux parameters
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Function Block Parameters: Demux

Ciemx

Split wector signals into scalars or smaller vectors, Check 'Bus Selection
Mode' to split bus signals.

FParameters

Murmber of outputs:
3 |

Disply cption: A

[ Bus selection rmods

2 o || cancel || Help || apply

Figure 19.10. Demux parameters
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19.1.4. UM model parameters

Saving all settings of UM model (initial conditions, parameters of integration method, identi-
fier values, railway, road and trucked vehicle configuration) are fulfilled along with saving m-
file. All files are saved automatically with the m-file name and specific extension (.par, .icf, .car,
etc.). So you need to determine all settings prior to generating m-file.

Loading settings of UM model under Matlab/Simulink environment is fulfilled with the help
of the ReadTotalConfiguration method of UM COM server, see Sect. 19.1.2.1. "Initialization",
p. 19-3 for details.

Let us consider the sequence of assignment of values of UM model parameters during all
stages under Matlab/Simulink environment.

1. Loading values of parameters from .par file that were saved along with the generation of m-
file at the initialization stage, see Sect. 19.1.2.1. "Initialization”, p. 19-8.

2. Then the actual S-Function parameters are assigned to connected UM model parameters, see
Sect. 19.1.3.1. "Matlab/Simulink configuration parameters", p. 19-12. Thereby values of
those parameters are reassigned.

3. Finally new values of UM model parameters that are connected with input signals of S-
Function are assigned on each step of numerical method.
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19.1.5. Model portability

Please note that procedure for the automatic generation of m-file includes direct paths to files,
see Sect. 19.1.1.1. "Wizard of export to Matlab/Simulink”, p. 19-4. That is why after moving or
copying UM model to another directory, previously generated m-file will contain incorrect paths
and it is necessary to regenerate m-file.

To regenerate m-file you need to load a UM model in UM Simulation program, open Wiz-
ard of export to Matlab/Simulink, load .cosim file and click 1. Then the m-file will be gener-
ated and correct current paths will be used.

Please also note that during the generation of m-file all files with UM settings (initial condi-
tions, parameters of integration method, identifier values, railway, road and trucked vehicle con-
figuration) will be rewritten. So prior to regenerating m-file you need to set up or load all model
settings, see Sect. 19.1.4. "UM model parameters”, p. 19-18 for more details.
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19.2. UDP Bridge tool

19.2.1. Introduction

The UDP Bridge tool from the UM Control module enables you to connect models created
in Universal Mechanism with other programs via the UDP network protocol. This tool allows
you to send simulation results from Universal Mechanism to a remote computer, as well as re-
ceive signals from a remote computer.

From Universal Mechanism, you can send any variable created in the Wizard of variables.
Typically, the kinematic variables are sent: coordinates, velocities, and accelerations. Received
signals are assigned to model identifiers, and these identifiers usually describe force effects.

Several typical use cases for the UDP Bridge tool can be described. The first scenario in-
volves connecting software or hardware control systems to a model in Universal Mechanism.
Signals from virtual sensors are sent from Universal Mechanism, while control force actions are
received by Universal Mechanism.

The second scenario involves using UM as a dynamic engine within an interactive environ-
ment, such as a car or train driver simulator. In this scenario, the position and orientation of a car
body or a locomotive cabin are sent from UM to external programs via the UDP protocol to gen-
erate the correct picture at each simulation step, along with other signals, for example, to drive a
virtual instrument panel. And vice versa, UM receives signals from a driver, like the position of
the accelerator or brake pedal.

Below, we will discuss some key features of connecting UM with other programs via the
UDP protocol.

19.2.2. IP-address and port

The port number must belong to the range 0—-65535. All ports are divided into three ranges:
well-known (or system, 0-1023), registered (or user, 1024-49151), and dynamic (or private,
49152-65535). For custom programes, it is recommended to use dynamic (private) ports in
the 49152—65535 range. This range is reserved for temporary connections, does not conflict
with known services (0-1023) or registered applications (1024-49151), ensuring stability and
preventing conflicts during application operation.

Receiving data is performed from a port on your computer. Therefore, when configuring re-
ceiving data in UM, the IP address specification is omitted — it is always the IP address of your
computer. Sending data is performed to a port on a remote computer, so the recipient's IP address
and recipient's port are specified as a pair. To send data to a port on your own computer, specify
the IP address 127.0.0.1.

If you are organizing data exchange within a single computer, you cannot use the same port
for both receiving and sending signals. In such a case, different ports must be specified.

The Wizard of UDP interfaces for sending and receiving data in UM is shown in
Figure 19.11 and Figure 19.12.
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13) Wizard of UDP interfaces — O pe
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IUDP Interfaces ® Send data
Angle of pendulum
Contral force TCR/IP host: |12?._|:|._|:|._1 |
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+ @
Signals

COK Apply

Cancel

Figure 19.11. Send data

E] Wizard of UDP interfaces

=8|+ & @

IDP Interfaces
Angle (UDP Cutput)

{[+] Force (UDP Input)

Direction
(®) Receive data
(Jsend data

Part:

[ ]wiait untl the first packet arrives

50891 %]

Timeout, ms: o] %]
+ i
Signals

Signal 1 —-= force

Ok Apply

Cancel

Figure 19.12. Receive data

19.2.3. Application Launch Synchronization

An important feature of connecting applications via the UDP protocol is the need to synchro-
nize application launches. Indeed, if you start the calculation of an inverted pendulum model in

Universal Mechanism (see Figure 19.13) without the control system running at the moment the

calculations begin, this will result in the pendulum simply oscillating around the lower stable

equilibrium position instead of stabilizing in the inverted vertical position.
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Consider this situation using the example of connecting a control system from the SimInTech
program. To properly synchronize Universal Mechanism and SimInTech in this case, you need
to enable the Wait until the package arrives checkbox in the UDP server properties in
SimInTech (see Figure 19.14), and first start the model in SimInTech, followed by the inverted
pendulum model in Universal Mechanism. Thus, the model in SimInTech will wait until the first
signal arrives from UM, and then both parts of this system will start working together correctly.

For the same purpose, the Wait until the first packet arrives checkbox is used in the prop-
erties of the receiving data interface in the Wizard of UDP interfaces, see Figure 19.12. The
waiting time for the first packet is specified below in the Timeout field. Timeout is specified in
milliseconds.

However, if the models in Universal Mechanism and related models in other programs are in
a neutral position/state when UDP signals are absent, then the Wait until the first packet ar-
rives checkbox in UM and similar ones in related programs do not need to be turned on. An ex-
ample of a mechanical model in a neutral state is, for instance, a car model on a flat surface or
with the parking brake engaged. Nothing will happen to such a mechanical system until a human
or an automated control system begins sending new control signals.

Figure 19.13. Model of the inverted pendulum in UM
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Figure 19.14. Properties of the UDP server in SimInTech

19.2.4. Data exchange during simulation

Please note that Universal Mechanism receives and sends signals via UDP at each Variable
calculation step, see Figure 19.15. For most cases, a variable calculation step interval of 0.001
to 0.0001 seconds can be recommended. To accelerate overall simulation performance in Uni-
versal Mechanism, increasing the Factor for animation step is also recommended. For most
tasks and users, a reasonable compromise between animation smoothness and simulation per-
formance will be updating the animation window at a frequency of 25-50 frames per second.
Therefore, when setting the Factor for animation step, make sure that the product of the Vari-
able calculation step multiplied by the Factor for animation step is within the range of
0.02-0.04 seconds that gives exactly 25-50 frames per second.
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Figure 19.15. Simulation process parameters in Universal Mechanism

19.2.5. Real-time simulation

The absence of model time synchronization when exchanging data via the UDP protocol

makes it an accepted working standard for all connected applications to operate in real time.
Running real-time simulation in UM is done using the Delay to real time simulation checkbox,

see Figure 19.15.

Note

Please note that Universal Mechanism is not a real-time system and does not

guarantee real-time simulation. Program performance depends primarily on the

model d.o.f. number, the presence of stiff forces, the specified accuracy, the spec-
ified variable calculation step, the chosen numerical method and its settings, and

many other parameters. In borderline cases, the program may calculate some-

times faster, sometimes slower than real time. The actual performance of a model

in UM can be estimated using the Real time ratio variable from the Solver vari-
ables tab of the Wizard of variables, see Figure 19.16.



Universal Mechanism 10 19-25 Chapter 19. UM Control / CoSimulation

E] Wizard of variables %

.ﬁ Variables for group of bodies D TForces B Joint forces
A Angular variables gl'i Linear variables a:b Expression 3.0 User variables
- Reactions |7 Coordinates (8) Solver variables =% pllforces  id Identifiers

Mame Comment 2
TRatio Real time ratio

MC{AStep) Mumber of calculations per animation step

MC Mumber of calculations

Th{AStep) CPU time for calculation animation step (ms)

Figure 19.16. Real time ratio variable in Wizard of variables

Turn on the Synchronization with real time in SimInTech model window to use real time
simulation in SimInTech, see Figure 19.17.

€2 pid_udp.prt — O x
View 5Scale Mode: Editing
L= # | 0- Automation ~ | R | | - ¥ @} oA @ ﬂ_L|
Synchronization with real timef *
100
> D
-1
UDP . EEEEEE] UDF
Ni=lR g D = 1=
>
Angle of pendulum 20 Control force
ks
D Ts+1
v
< >
#:432.0 ¥:64.0 Time: 0 Speed=0 Max.speed=0 Cycle,ms=0 Changed Selected 0/20 Scal

Figure 19.17. Model window in SimInTech

19.2.6. Data format

Universal Mechanism receives and sends data via the UDP protocol only in Double format
(according to the IEEE 754 standard) — a double-precision floating-point number. Size: 8 bytes
(64 bits). Byte order: the least significant byte is stored at the lowest address (Endianness: Little-
endian). In the current implementation of data exchange on the UM side, there is no possibility
to configure/change the byte order in incoming or outgoing data.

19.2.7. Receiving and sending multiple signals

Universal Mechanism supports receiving and sending multiple signals to a port. To do this,
add the required number of signals to the Signals list when configuring a specific UDP interface,
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see Fig. 19.11 and Fig. 19.12. Signals are sent and received in the same order as they appear in
the Signals list.

On the side of connected applications, these multiple signals also need to be processed ac-
cordingly. For example, in SimInTech, this requires using the Multiplexer and Demultiplexer
blocks from the Vectors tab, see Figure 19.18.
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Figure 19.18. Multiplexer and Demultiplexer blocks in SimInTech

19.2.8. Features of the UDP Interface in SimInTech

UDP data exchange in SimInTech is supported by the UDP Server and UDP Client blocks
from the Data exchange tab, see Figure 19.19.
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Figure 19.19. UDP blocks in SimInTech

When working with the UDP Server and UDP Client blocks, make sure that the Protocol
type property is set to Plain, see Figure 19.20. By default, this property may have a different

value.
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Figure 19.20. Properties of UDP blocks in SimInTech

When working with UM and SimInTech together via UDP data exchange, it is generally rec-
ommended to enable real-time synchronization on both the UM side and the SimInTech side. In
SimInTech, this can be done either by clicking the Synchronization with real time button on
the model toolbar, or by enabling the checkbox with the same name in the project properties
window, see Figure 19.21.
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Figure 19.21. Real-time simulation properties in SimInTech

It is also strongly recommended to set the same data exchange interval in UM and
SimInTech. On the SimInTech side, this is controlled by the Minimum step and Maximum step
parameters in the Calculation parameters tab, see Fig. 19.22. On the Universal Mechanism
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side, this is the Variable calculation step in the Object simulation inspector window, see Fig-
ure 19.15.
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Figure 19.22. Project properties in SimInTech
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