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1 Introduction
This documentation provides helpful information about the following topics:

• Usage of OMNeT++ network simulator with Veins and INET frameworks

• Implementation of the ITS Facilities Layer (simulation of standard CAM/DENM messages)
in OMNeT++

• Using SUMO in multi-client mode together with OMNeT++ and Matlab/Simulink

• Interfacing Matlab/Simulink with OMNeT++ using Named Shared Memory

• Implementing Road Side Units in the Veins-INET project

• Extension with the Simu5G framework with TraCI interface access

It also provides a step-by-step guide for the installation of the aforementioned software to
be able to run a co-simulation and provides example codes. In addition, some common (and
undocumented) bugs and best practices are included in this documentation.

2 Software Installation
Software needed:

1. SUMO Tra�c Simulator (Version: 1.7.0) https://www.eclipse.org/sumo/

2. OMNeT++ (Version: 5.6.2) https://omnetpp.org/download/

3. Veins framework (Version: 5.0) https://veins.car2x.org/download/

4. INET framework (Version: 4.2.2) https://inet.omnetpp.org/Download.html

5. Simu5G framework (Version: 1.1.0) https://github.com/Unipisa/Simu5G/archive/
refs/tags/v1.1.0.zip

Using di�erent versions can cause errors, which are hard to �x. Software should be downloaded
and unpacked to the recommended paths.
o The path should not contain any special characters or whitespaces!

1. C:\Users\user\src\sumo-1.7.0

2. C:\Users\user\src\omnetpp-5.6.2

3. C:\Users\user\src\veins-5.0

Following the Veins tutorial steps, �rst SUMO has to be installed. Then OMNeT++ can be
downloaded. To install OMNeT++, it has to be unpacked to its path and the mingwenv.cmd
has to be executed. It opens a console. First the software has to be built by using the console,
by executing command ./con�gure and then the command make. If everything went right, the
C\Users\user\src\omnetpp-5.6.2\bin\omnetpp build should be ready.

To start OMNeT++ mingwenv.cmd has to be started and the command omnetpp has to be
executed. OMNeT++ lets the user choose the workspace at every start but it can be used as the
default samples.
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(a) Import type. (b) Loading the veins folder.

Figure 1: Importing an existing project.

After Veins is downloaded and unpacked to the correct path,it can be imported to OMNeT++
by using File > Import > General: Existing Projects into Workspace and select the folder of veins
by browsing it.

3 OMNeT++ Settings

3.1 Running the example simulation
After importing the Veins example project successfully to OMNeT++, navigate to the veins
folder under examples in the Project Explorer.

Figure 2: Veins example folder.
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The con�guration �les of the project are located here. To start the example, the mingwenv
console has to be used again to navigate to the veins example folder. It can be done by the
default way, using the windows console commands to change folders using command cd
C:/Users/User/src/veins-5.1/examples/veins. By executing the ls command, a list of �les can be
seen to make sure its the right folder with the �les of the example project.

Figure 3: Console in the folder with list of �les.

3.2 Example with Veins Launchd
The default example runs with the help of a python script called launchd. To execute the exam-
ple, the command /c/Users/User/src/veins-5.1-2/bin/veins _launchd -vv -c /c/Users/User/src/sumo.1.7.0/bin/sumo-
gui.exe should be run.

(Note: sumo.exe can be used instead of sumo-gui.exe, but then SUMO will run without the
graphical interface.)

Figure 4: Running the launchd script.
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It will start the Launchd python script. If the text Listening on port 9999 appears in the console,
the simulation is ready to go. The simulation can be run by building the example in OMNeT++.

Figure 5: Building and running Veins example.

After it is built, the simulation can be started in a new window, which is the QT environment.

Figure 6: The simulation.

3.3 Veins Launchd and its exclusion from the simulation
The Veins Launchd script is basically a Proxy TCP server, which establishes the communication
between OMNeT++ and SUMO. It has its own port handling and it can handle multiple connec-
tions for parallel simulations. This script is not needed, if only one instance of the simulation
is needed and it has to be controlled by Matlab/Simulink with OMNeT++ simultaneously.
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To get rid of this python script, the Scenario.ned �le has to be modi�ed. OMNeT++ relies on
its own NED (Network Description) �les and on C++ �les. Open the Scenario.ned �le, which
is located in the Project Explorer in src/veins/nodes/. Find the line which de�nes the manager
of the simulation, and modify TraCIScenarioManagerLaunchd to TraCIScenarioManager.

Figure 7: TraCIScenarioManager setup.

The TraCIScenarioManager is a C++ script which is responsible for the TraCI connection
directly between SUMO and OMNeT++. To set up the TraCI connection, open omnetpp.ini
in /examples/veins/. Choosing the Parameters option, a lot of settings can be set up for the
simulation. It contains the TraCI settings, like host, port etc.. Below the main window
containing the parameters, the editor can be switched to source mode, so editing can be done
by code writing or by using the GUI form.

Figure 8: Omnetpp.ini Parameters and option to switch between editing modes.

By setting the port, it is possible to run SUMO only with the OMNeT++ simulation together as
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a Single Client using the TraCI interface without the complex Launchd TCP proxy.

4 Multi Client Setup
This section provides information about interfacing OMNeT++ with Simulink. With the help of
this method, Simulink and OMNeT++ can control SUMO together through the TraCI interface.

To make it possible to run SUMO together with Simulink and OMNeT++ and other clients,
SUMO must be initialized in multi-client mode. It can be done by using the - -num-clients
<number of clients as INT> command for SUMO start. After SUMO is started, its TraCI server
will wait for the given number of clients to connect before start. In case of multi-client setup,
SUMO needs a setOrder command from every client, to be able to identify them later during
the simulation. Every client will be able to issue TraCI commands to SUMO and read / write
data. If the setOrder command is missing from a client, SUMO will stop working.
o Important: TraCI setOrder command must be sent before any other TraCI commands from
every client or SUMO will stop with an error!

TraCI4Matlab does not have setOrder implemented, so it must be written by the user. For this,
the setOrder.m function has to be created in the +traci folder. The setOrder function:

1 f u n c t i o n [ r e s u l t ] = s e t O r d e r ( Order )
2 %% s e t O r d e r command f o r SUMO Mult i − c l i e n t mode .
3

4

5 g l o b a l c o n n e c t i o n s message
6 impor t t r a c i . c o n s t a n t s
7

8

9

10 % Check c o n n e c t i o n
11 i f ~ i sempty ( c o n n e c t i o n s )
12 i f i sKey ( c o n n e c t i o n s , ’ ’ ) && ~ i sempty ( c o n n e c t i o n s ( ’ ’ ) )
13 % B u i l d the s e t O r d e r command
14 % P r e p a r e the message t o be s e n t t o the SUMO s e r v e r
15 message . queue = [ message . queue u i n t 8 ( s s c a n f ( c o n s t a n t s . CMD_SETORDER ,

’%x ’ ) ) ] ;
16 message . s t r i n g = [ message . s t r i n g u i n t 8 ( [ 1 + 1 + 8 s s c a n f ( c o n s t a n t s .

CMD_SETORDER , ’%x ’ ) ] ) . . .
17 t r a c i . p a c k I n t 6 4 ( Order ) ] ;
18

19 % Send the message
20 r e s u l t = t r a c i . s e n d E x a c t ( ) ;
21 end
22 end

This function will send the TraCI command 0x03 which will set the order of the client. The
function’s argument is an integer, which represents the order number of the client. The
function can be called in a Matlab script using Traci4Matlab like this:

1 f u n c t i o n SUMO_Starter ( NetworkName , S tepLength , P o r t )
2

3 %Connect t o SUMO
4 j a v a a d d p a t h ( ’ t r a c i 4 m a t l a b . j a r ’ )
5 s c e n a r i o P a t h = char ( NetworkName ) ;
6 sumoHome = ’C : \ Use r s \ S p i t F i r e \ s r c \ sumo − 1 . 8 . 0 \ ’ ;
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7

8 % VEINS − INET
9 system ( [ ’C : \ Use r s \ S p i t F i r e \ s r c \ sumo − 1 . 8 . 0 \ b in \ sumo−gu i . exe ’ ’ −c ’

s c e n a r i o P a t h ’ −−num− c l i e n t s ’ ’ 2 ’ ’ −−remote − p o r t ’ . . .
10 num2str ( P o r t ) ’ −− s tep − l e n g t h ’ char ( s t r i n g ( S t epLeng th ) ) ’ −− s c a l e 1 ’ ’

−− c o l l i s i o n . mingap− f a c t o r 0 ’ ’ −− c o l l i s i o n . a c t i o n remove ’ ’ −−
c o l l i s i o n . check − j u n c t i o n s ’ . . .

11 ’ −−summary r e s u l t s . xml ’ ’ −− s t a r t & ’ ] ) ;
12

13 % I n i t i a l i z e the s i m u l a t i o n
14 t r a c i . i n i t ( ) ;
15 %S e t o r d e r #1
16 t r a c i . s e t O r d e r ( 1 ) ;
17 d i s p ( " s e t O r d e r −DONE " ) ;
18

19 end

In OMNeT++ in the C++ TraCI library, setOrder is not implemented either, so it must be also
implemented. First, the function has to be de�ned inside TraCICommandInterface.h like this:

1 vo id s e t O r d e r ( u i n t 3 2 _ t o r d e r ) ;

After declaration, the function can be developed inside TraCICommandInterface.cc:

1 / / S e t SUMO TraCI o r d e r
2 vo id TraCICommandInter face : : s e t O r d e r ( u i n t 3 2 _ t o r d e r )
3 {
4 EV_INFO << " S e t SUMO o r d e r . . . " << e n d l ;
5 c o n s t u i n t 8 _ t CMD_SETORDER = 3 ;
6 T r a C I B u f f e r o r d e r b u f = T r a C I B u f f e r ( ) ;
7 c o n n e c t i o n . query ( CMD_SETORDER , o r d e r b u f << o r d e r ) ;
8 ASSERT ( o r d e r b u f . e o f ( ) ) ;
9 EV_INFO << " s e t O r d e r ( ) : done ! " << e n d l ;

10 }

The function has to be called in TraCIScenarioManager.cc inside a loop. As setOrder must be
called only once, a boolean variable is de�ned and used to call it only once. The function
must be placed at the start of void TraCIScenarioManager::init_traci() function, before the api
version function call, like this:

1 b o o l o r d e r S e t = f a l s e ;
2

3 vo id TraCIScenar ioManager : : i n i t _ t r a c i ( )
4 {
5

6 auto ∗ commandInter face = getCommandInter face ( ) ;
7 {
8 / / s e t O r d e r
9 i f ( ! o r d e r S e t )

10 {
11 commandInter face −> s e t O r d e r ( 2 ) ;
12 o r d e r S e t = t r u e ;
13

14 }
15

16 auto a p i V e r s i o n = commandInter face −> g e t V e r s i o n ( ) ;
17 EV_DEBUG << " TraCI s e r v e r \ " " << a p i V e r s i o n . second << " \ " r e p o r t s

API v e r s i o n " << a p i V e r s i o n . f i r s t << e n d l ;
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18 commandInter face −> s e t A p i V e r s i o n ( a p i V e r s i o n . f i r s t ) ;
19 }
20 .
21 .
22 .

If SUMO got every order from its clients, it will start the simulation. SUMO will wait for every
client to send their simulation step command to execute the step. If the �rst client sent the
command, SUMO will freeze that client from executing another step, until the second client
sends its own step command.

5 Simulation time settings
This section provides information about time settings, which provided a real-time simulation
(without communication animations). These time settings are used in case of a mixed reality
test system, where an EGO vehicle (a real vehicle or a real vehicle’s log) can be inserted in the
simulation with a 3D visualization (Unity 3D game engine).

Figure 9: Mixed reality test system architecture with OMNeT++.

The provided settings may not result in a real-time simulation, depending on the running
system’s hardware (Used system: i9 CPU, 32GB RAM). Also, the amount of vehicle nodes is
highly a�ecting the simulation speed.

Running OMNeT++ with Veins and INET frameworks together with a mixed reality test system
using Unity 3D as a visualizer, a correct time setting is required to achieve a smooth realtime
simulation (Note, that the simulation of higher number of vehicles will de�nitely slow down
the simulation at a certain number of vehicles, meaning in some cases it is simply impossible
to achieve a realtime simulation.). The following table contains every important time settings:

10



Parameter Matlab Simulink OMNeT++ (omnetpp.ini) SUMO CFG
CMD_SIMSTEP time: 0.01s - - -

Simulink solver: - Fixed step: 0.01s - -
Simulation time resolution: - - ps -
*.manager.updateInterval: - - 0.01s -

Simulation mode: - - Fast -
step-length value: - - - 1

Table 1: Time setup without EGO vehicle.

OMNeT++’s Simulation time resolution can be found in the omnetpp.ini under General settings.
The *.manager.updateInterval can be found in the same �le under parameters. Simulation
mode can be chosen after the OMNeT++ project is built and the simulation should be started
in the QT environment (Options are: Step/Run/Fast/Express/Until). These settings provide a
smooth simulation run between used software without an EGO vehicle insertion.

If an EGO vehicle is inserted in SUMO with the help of the mixed reality system (tested from a
log �le), then the settings must be changed for a realtime simulation.

Parameter Matlab Simulink OMNeT++ (omnetpp.ini) SUMO CFG
CMD_SIMSTEP time: 0.1s - - -

Simulink solver: - Fixed step: 0.1s - -
Simulation time resolution: - - ps -
*.manager.updateInterval: - - 0.1s -

Simulation mode: - - Fast -
step-length value: - - - 1

Table 2: Time setup with EGO vehicle.

6 Simulink - OMNeT++ interface (Inter-task communica-
tion)

This section provides an interface for communication between Simulink and OMNeT++. It is
useful for creating control tasks in Simulink and share information between software, however
it is not necessarily needed for V2X simulations.

Interfacing Simulink with OMNeT++ faced some major problems using TCP/UDP protocols
(software will hang eachoter). Instead of them, a so called Named Memory Share can be used.
For a �exible solution and to avoid synchronization problems, two shared memory blocks are
created. Each software will have its own memory block with the read/write permissions. They
will share these with the other software. The shared information will be written in memory in
a form of a JSON message.

In Simulink an S-Function is created with the following C++ code:

1 # d e f i n e BUF_SIZE 256
2 TCHAR szName [ ] = TEXT ( " G l o b a l \ \ Omnet " ) ;
3 TCHAR szName2 [ ] = TEXT ( " G l o b a l \ \ Mat lab " ) ;
4 HANDLE hMapFi le ;
5 HANDLE hMapFi le2 ;
6 TCHAR szMsg [ ] = TEXT ( " I n i t t e x t . " ) ;

11



7

8 / / Reading s h a r e d memory from OMNeT++
9 i n t shareMemory ( )

10 {
11 LPCTSTR pBuf ;
12

13 hMapFi le = OpenFi leMapping (
14 FILE_MAP_ALL_ACCESS , / / r ead / w r i t e a c c e s s
15 FALSE , / / do not i n h e r i t the name
16 szName ) ; / / name o f mapping o b j e c t
17

18 i f ( hMapFi le == NULL )
19 {
20 _ t p r i n t f ( TEXT ( " Could not open f i l e mapping o b j e c t

(% d ) . \ n " ) ,
21 G e t L a s t E r r o r ( ) ) ;
22 r e t u r n 1 ;
23 }
24 i n i t = t r u e ;
25

26

27

28 pBuf = ( LPTSTR ) MapViewOfFi le ( hMapFile , / / hand le t o map o b j e c t
29 FILE_MAP_ALL_ACCESS , / / r ead / w r i t e p e r m i s s i o n
30 0 ,
31 0 ,
32 BUF_SIZE ) ;
33

34 i f ( pBuf == NULL )
35 {
36 _ t p r i n t f ( TEXT ( " Could not map view o f f i l e (% d ) . \ n " ) ,
37 G e t L a s t E r r o r ( ) ) ;
38

39 CloseHandle ( hMapFi le ) ;
40

41 r e t u r n 1 ;
42 }
43

44 s t d : : s t r i n g message = pBuf ;
45 cou t << " Data from Omnet s h a r e d memory : " << message << " \ n " <<

e n d l ;
46

47 UnmapViewOfFile ( pBuf ) ;
48

49 CloseHandle ( hMapFi le ) ;
50

51 r e t u r n 0 ;
52 }
53

54 / / Wr i t ing S i m u l i n k ’ s own d a t a i n a s e p a r a t e memory b l o c k
55 i n t shareMemory2 ( )
56 {
57 loop_round = rand ( ) % 1 0 0 0 ;
58 j s o n msg ;
59 msg [ " Root " ] [ " T e s t " ] = loop_round ;
60 s t d : : s t r i n g smsg = msg . dump ( ) ;
61 f o r ( i n t j = 0 ; j < s i z e o f ( smsg ) ; j ++)
62 {
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63 szMsg [ j ] = smsg [ j ] ;
64 }
65

66 hMapFi le2 = C r e a t e F i l e M a p p i n g (
67 INVALID_HANDLE_VALUE , / / use pag ing f i l e
68 NULL , / / d e f a u l t s e c u r i t y
69 PAGE_READWRITE , / / r ead / w r i t e a c c e s s
70 0 , / / maximum o b j e c t s i z e ( high − o r d e r

DWORD)
71 BUF_SIZE , / / maximum o b j e c t s i z e ( low−o r d e r

DWORD)
72 szName2 ) ; / / name o f mapping o b j e c t
73 i f ( hMapFi le2 == NULL )
74 {
75

76 s t d : : cou t << " C r e a t e F i l e E r r o r : " << G e t L a s t E r r o r ( ) << s t d : :
e n d l ;

77 r e t u r n 1 ;
78 }
79

80 LPCTSTR pBuf2 ;
81 pBuf2 = ( LPTSTR ) MapViewOfFi le ( hMapFi le2 , / / hand le t o map o b j e c t
82 FILE_MAP_ALL_ACCESS , / / r ead / w r i t e p e r m i s s i o n
83 0 ,
84 0 ,
85 BUF_SIZE ) ;
86

87 i f ( pBuf2 == NULL )
88 {
89 s t d : : cou t << " Map F i l e E r r o r : " << G e t L a s t E r r o r ( ) << s t d : :

e n d l ;
90

91 CloseHandle ( hMapFi le2 ) ;
92

93 r e t u r n 1 ;
94 }
95

96

97 CopyMemory ( ( PVOID ) pBuf2 , szMsg , ( s i z e o f ( szMsg ) ∗ s i z e o f ( s t d : : s t r i n g
) ) ) ;

98 s t d : : cou t << " Loop Round : " << loop_round << s t d : : e n d l ;
99

100 UnmapViewOfFile ( pBuf2 ) ;
101

102 / / C loseHandle ( hMapFi le ) ;
103

104 r e t u r n 0 ;
105 }

In OMNeT++ the same code can be used.
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o Important: To be able to use the memory share function, OMNeT++ and Matlab must be
started with system administrator privileges!

7 Creating an own project using Veins and INET together
This section provides the steps of creating an own project with Veins and INET frameworks
working together.

The INET framework contains the protocols and the application layer to communicate through
the "wlan0" interface with UDP protocol in multicast mode. It can be used to simulate V2X
communication. Veins contains only the MAC (Media Access Control) and the physical layer of
the communication. Combining these two frameworks will provide a more accurate simulation
of the communication.

7.1 Creating own project in OMNeT++
First an empty project is created, where the whole project can be developed. For this, OMNeT++
should be opened and in the launcher window, a new workspace should be created (e.g.,
"tutorial").

Figure 10: Creating new workspace.

After this, OMNeT++ will ask to install the INET Framework. It should not be installed, because
the right version should be installed manually. INET should be downloaded now, and unpacked
anywhere. The inet4 folder should be copied to the workspace. The existing project should be
imported to OMNeT++ (like in Section 2). If the modi�cations of the Veins framework were
followed (excluding the launchd script), the entire Veins (Veins-5.0) folder has to be copied to
the workspace. This project has to be imported too in OMNeT++.
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Now a custom project can be created in OMNeT++. Using File -> New -> OMNeT++ Project.
A project name should be given (e.g., tutorial) and the default location should be used with
C++ Development Support. Press Next and select "Empty project with ’src’ and ’simulations’
folders." Click Finish. The Project Explorer should look like in Fig. 11.

Figure 11: Created project.

7.2 Referencing Veins and INET for the custom project
To connect the two projects, both has to be referenced in the newly created empty project. For
this, right click on the "tutorial" folder in the Project Explorer and choose Properties. Go to
Project References and select both inet4 and veins-5.0 just like in Fig. 12.

Figure 12: Referencing.

Open the OMNeT++ option, select Makemake and double click on the src:makemake(deep,
recurse) –> tutorial (executable) folder. This will open up the Makemake options. Now the
Compile tab should be chosen and the following options should be selected:

1. Export include path for other projects
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2. Add include paths exported from referenced projects

3. Add include dirs and other compile options from enabled project features

Figure 13: Compile

Now go to the Link tab and enable the "Add libraries and other linker options from enabled
project features".

Figure 14: Link.

In the Custom tab the following code fragment should be added:
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1 # Use the new message c o m p i l e r i n t r o d u c e d i n OMNeT++ 5 . 3
2 #
3 MSGC: = $ (MSGC) −−msg6
4

5 i f e q ( $ ( PLATFORM ) , win32 . x86_64 )
6 #
7 # on windows we have t o l i n k with the ws2_32 ( winsock2 ) l i b r a r y as i t i s

no l o n g e r added
8 # t o the omnetpp system l i b r a r i e s by d e f a u l t ( a s o f OMNeT++ 5 . 1 )
9 #

10 LIBS += − lws2_32
11 DEFINES += −DINET_EXPORT
12 ENABLE_AUTO_IMPORT=−Wl, − − enab le −auto − impor t
13 LDFLAGS : = $ ( f i l t e r −out $ ( ENABLE_AUTO_IMPORT ) , $ ( LDFLAGS ) )
14

15 e n d i f

Press Ok to save and close the window and then press Apply and Close. Make sure that the
veins folder has its reference with inet4!

If any missing include �le errors arise during building (e.g. fatal error: ’veins/veins.h’ �le not
found), then the project must be built with a custom make�le. The steps of setting up the
project with a custom make�le, can be found in section 8.1.

7.3 Veins_INET subproject
Now the veins_inet subproject is needed in the custom project. For this, the "veins_inet" folder
should be copied (located in: /veins-5.0/subprojects/veins_inet/src/ ) to tutorial/src. After the
copy, some NED �le errors will arise.
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Figure 15: NED Errors.

This is because the custom project has di�erent ned package locations now. To �x it, ned �le
has to be opened and the locations must be �xed. Opening the �rst one ("package.ned"). The
line "package org.car2x.veins.subprojects.veins_inet;" de�nes the package route. It must be
changed to "package tutorial.veins_inet". This step has to be repeated in every NED �le which
has this error. In the last one ("VeinsInetSampleApplication.ned"), the line
"import org.car2x.veins.subprojects.veins_inet.inet.VeinsInetApplicationBase;", must be changed
to "import tutorial.veins_inet.VeinsInetApplicationBase;" beside the package line.

Now, copy the "veins_inet" folder from "veins-5.0/subprojects/veins_inet/examples" to "tutori-
al/simulations". It will produce NED errors again. It should be �xed with the same method:
"package org.car2x.veins.subprojects.veins_inet.example;" should get its new location: "tuto-
rial.simulations.veins_inet;". Scenario.ned should look like this:

1 package t u t o r i a l . s i m u l a t i o n s . v e i n s _ i n e t ;
2

3 impor t i n e t . p h y s i c a l l a y e r . i e e e 8 0 2 1 1 . p a c k e t l e v e l . I e e e 8 0 2 1 1 S c a l a r R a d i o M e d i u m ;
4 impor t t u t o r i a l . v e i n s _ i n e t . V e i n s I n e t C a r ;
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5 impor t t u t o r i a l . v e i n s _ i n e t . Ve ins Ine tManager ;

In omnetpp.ini the "org.car2x.veins.subprojects." should be also changed to "tutorial.". The
VeinsInetCar.ned (located in "tutorial/src/veins_inet") has a submodule part. It must be cleared,
so the �le should look like this:

1 package t u t o r i a l . v e i n s _ i n e t ;
2

3 impor t i n e t . n e t w o r k l a y e r . c o n f i g u r a t o r . i p v 4 . H o s t A u t o C o n f i g u r a t o r ;
4 impor t i n e t . node . i n e t . AdhocHost ;
5

6 / /
7 / / W i r e l e s s − e n a b l e d Host
8 / /
9 module V e i n s I n e t C a r e x t e n d s AdhocHost

10 {
11 p a r a m e t e r s :
12 @display ( " i = d e v i c e / c e l l p h o n e " ) ;
13 i p v 4 . c o n f i g u r a t o r . ne tworkConf igura torModu le = " " ;
14

15 submodules :
16 }

After getting rid of NED errors, the Scenario Manager has to be modi�ed. It can be done,
by changing the TraCIScenarioManagerLaunchd references to TraCIScenarioManager in the
VeinsInetManager.ned �le. Also the following line has to be removed from the omnetpp.ini �le:

1 ∗ . manager . l a u n c h C o n f i g = xmldoc ( " s q u a r e . l aunchd . xml " )

This line was the con�guration for the TraCIScenarioManagerLaunchd, so it is not needed
anymore. If this is done, the simulation should be ready to be built and run.

8 Implementing ASN1 Standard CAMmessages
The Standard Cooperative Awareness Messages are de�ned in ETSI EN 302 637-2 V1.4.1 (Link)
by an ASN1 Speci�cation (see: Annex A (normative): ASN.1 speci�cation of CAM). Abstract
Syntax Notation One (ASN.1) is a standard interface description language for de�ning data
structures that can be serialized and deserialized in a cross-platform way. To create a standard
CAM message structure with its encoding and decoding rules, this ASN1 speci�cation should
be used. Creating the structure and the rules in C++ compatible C would be an enormous job
(the generated structure will contain 663 .c/.h �les), so it is easier to use some other solutions.

At the time of writing this documentation, the newest CAM standard is version 1.4.1. To
generate the CAM structure in C, an ASN1C Compiler can be used Link. This documentation
does not go into details of the usage of the compiler, please see its own documentation.

Instead of using the compiler, the generated structures can be downloaded with Vanetza
(Vanetza is an open-source implementation of the ETSI C-ITS protocol suite.) [Link], which is
the preferred way because the ASN1C compiler can be tricky to be used. Furthermore Vanetza
contains not only the ETSI CAM standard generated, but standards like EN302637-3v131-
DENM, ISO TS 19091 CPM, Etsi Ts 102941 Messages etc.
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8.1 Building a Standalone Library for CAMmessages
As Vanetza comes with the precompiled ASN1 standards, it seems easy to use the generated
structures. Unfortunately (at least on Windows), Omnet++ compiles only .cc �les. As the
structure is generated in C++ compatible C code, it will not be compiled by the Omnet++ IDE,
which uses opp_makemake. If header �les are included, it will produce unde�ned reference
errors, because it will only see the function prototypes and not the function de�nitions.

To build a library, which can be included in the custom Omnet++ build, a Make�le must be
created and Omnet++’s MingW console must be used. First a build folder must be created.
Create a new folder inside it and call it "sources". Copy every �le to this folder from the folders
vanetza-master > vanetza > asn1 > its and from vanetza-master > vanetza > asn1 > support.
Delete the following �les from the source folder:

1. GeneralizedTime.c

2. GeneralizedTime.h

3. UTCTime.c

4. UTCTime.h

Two �les must be also modi�ed by including a library to avoid some compilation errors. Add
the following line in �les INTEGER.c and RELATIVE-OID.c:

1 # i n c l u d e < i n t t y p e s . h>

Now in the root of the build folder, create a �le named Make�le without any extensions and
put the following make�le code in it:

1 # M a k e f i l e f o r ASN1C CAM S t a n d a l o n e S t a t i c L i b r a r y
2 # S e t up the c o m p i l e r t o use : (OMNeT++ i s u s i n g c l a n g ++ . For c o m p a t i b i l i t y ,

we use c l a n g t o compi l e . )
3 CC = c l a n g
4

5 # Se tup o f c o m p i l e r f l a g s :
6 # −g adds debugging i n f o r m a t i o n t o the e x e c u t a b l e f i l e
7 # −Wall t u r n s on most , but not a l l , c o m p i l e r warnings
8 CFLAGS = −g −Wall
9

10 # V a r i a b l e f o r s o u r c e d i r e c t o r y
11 SOURCEDIR = s o u r c e s
12

13 # Get s o u r c e s from the SOURCEDIR with . c e x t e n s i o n
14 SOURCES : = $ ( s h e l l f i n d $ ( SOURCEDIR ) −name ’ ∗ . c ’ )
15

16 # A l l header f i l e s ( i t i s not n e c e s s e r y , b ec a u s e c l a n g w i l l s e a r c h the
header f i l e s i n the same f o l d e r , where . c f i l e s a r e )

17 HEADERS : = $ ( s h e l l f i n d $ ( SOURCEDIR ) −name ’ ∗ . h ’ )
18

19 # B u i l d d i r e c t o r y
20 BUILD = l i b
21

22 # C r e a t i n g a l i s t o f the o b j e c t s , which w i l l be c r e a t e d from the s o u r c e . c
f i l e s

23 OBJ = $ ( SOURCES : . c = . o )
24

25 # ASN1C L i b r a r y t o be c r e a t e d −> We have t o c r e a t e a S t a n d a l o n e L i b r a r y
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26 STATIC = l i b a s n 1 c . a
27

28 # L i n k i n g o b j e c t f i l e s i n t o our l i b r a r y
29 # Note : The Make program works i n a dependency o r d e r .
30 # I t means , t h a t even we w r i t e the l i n k i n g commands b e f o r e c o m p i l a t i o n , i t

depends on the OBJ v a r i a b l e .
31 # I f o b j e c t s a r e not e x i s t i n g , i t w i l l run the c o m p i l a t i o n f i r s t . −> $ (

STATIC ) depends on $ ( OBJ )
32 $ ( STATIC ) : $ ( OBJ )
33 @echo " [ L ink ( S t a t i c ) ] "
34 @ar r c s $@ $^
35

36

37 # Here comes the c o m p i l a t i o n .
38 # The command : c l a n g −c −g −Wall <dependency f i l e > −o < t a r g e t r e f e r e n c e > −

s t d =gnu11
39 # − s t d i s the l anguage mode , where gnu11 i s C11 language s t a n d a r d with GNU

e x t e n s i o n s
40 # $< i s a macro t h a t r e f e r s t o the f i r s t dependency
41 # $@ i s a macro t h a t r e f e r s t o the t a r g e t
42 # Use −DASN_EMIT_DEBUG=1 i f we need debug i n f o r m a t i o n from encod ing /

decod ing f u n c t i o n s
43 . c . o :
44 @echo [ Compi l ing ] $<
45 @$(CC) −c $ ( CFLAGS ) $< −o $@ − s t d =gnu11 −DASN_EMIT_DEBUG=1
46

47

48 # A phony t a r g e t i s one t h a t i s not r e a l l y the name o f a f i l e ; r a t h e r i t i s
j u s t a name f o r a r e c i p e t o be e x e c u t e d when you make an e x p l i c i t

r e q u e s t .
49 # There a r e two r e a s o n s t o use a phony t a r g e t : t o a v o i d a c o n f l i c t with a

f i l e o f the same name , and t o improve per formance .
50 . PHONY : . c . o c l e a n
51

52 # Command ’ make c l ean ’ w i l l e r a s e the g e n e r a t e d o b j e c t s and the l i n k e d
l i b r a r y

53 c l e a n :
54 rm − f $ ( OBJ ) ∗ ~ c o r e t a g s ∗ . bak M a k e f i l e . bak l i b g e n i e P i . ∗
55 rm − f $ ( STATIC )

Now open the MingW console (from the omnetpp install folder, mingwenv.cmd) and navigate
to the build folder’s root. Type and run the command: make and it should compile the source
�les and create the libasn1c.a library �le to the root of the build folder (objects will be generated
next to the source �les in sources folder). If everything goes right, it will only produce some
warnings but no errors. If it is needed to clear the created object �les, the command make
clean can be used in the console.

Note: clang version 5.0.1 was used. To check your clang version, type clang -v in MingW.

To use the library, copy the libasn1c.a into YOUR-OMNETPP-INSTALL-FOLDER/tools/win64/libs/.

Now open Omnet++, right click on the project folder (called tutorial) in the Project Explorer
and open Properties. Under OMNeT++ select Makemake. Select the src folder and choose the
option Custom Make�le. Click Apply and close.
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Figure 16: Using custom Make�le.

If there were any missing include �le errors before, then the custom make�le has to have the
following lines:

1 # C++ i n c l u d e p a t h s ( with − I )
2 # INET shou ld be added by p r e v i o u s l y used s t e p s , we have t o add v e i n s

manual ly i f we had b u i l d e r r o r s
3 INCLUDE_PATH = − I $ ( INET4_PROJ ) / s r c − I . − I $ ( VEINS_PROJ ) / s r c − I .
4

5 # Other m a k e f i l e v a r i a b l e s ( −K )
6 # The m a k e f i l e shou ld a l s o c o n t a i n t h e s e v a r i a b l e s a u t o m a t i c a l l y , but i f i t

’ s not th e r e , add them .
7 INET4_PROJ = . . / . . / i n e t 4
8 VEINS_PROJ=C : / User s / Username / s r c / ve ins −5 . 0 # Path t o your v e i n s f o l d e r

The static library must be built with the custom OMNeT++ project. For this, the custom
make�le is used, which was automatically generated while the project was built for the �rst
time. Now it must be modi�ed.

Open the make �le in any text editor which is located in: WORKSPACE-FOLDER/tutorial/src/.
(it’s a �le called Make�le without any extensions). Find the LIBS variable and put the full path
of the static library in it, like this:
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1 # A d d i t i o n a l l i b r a r i e s ( −L , − l o p t i o n s )
2 LIBS = $ ( LDFLAG_LIBPATH ) $ ( INET4_PROJ ) / s r c $ ( LDFLAG_LIBPATH ) $ ( VEINS_PROJ ) /

s r c C : / Use r s / USER / s r c / omnetpp − 5 . 6 . 2 / t o o l s / win64 / l i b s / l i b a s n 1 c . a − l INET$ (
D) − l v e i n s $ (D)

CAM.h can be now included from the build folder and the CAM structure can be used.

8.2 Usage of the CAM structure
This section provides information about the usage of the built CAM structure.

After the static library is built and the main header �le of the CAM structure (CAM.h) is included,
it can be used in the custom project. In a Veins_Inet project, the communications’ application
layer can be programmed in VeinsInetSampleApplication.cc located under src/veins_inet/.

As CAM messages will be encoded in UPER encoding, a bu�er will be needed which can hold
this data. Some functions must be de�ned too in VeinsInetSampleApplication.h, which will be
used later. The �le should look like this:

1 # pragma once
2

3 # i n c l u d e " v e i n s _ i n e t / v e i n s _ i n e t . h "
4 # i n c l u d e " v e i n s _ i n e t / V e i n s I n e t A p p l i c a t i o n B a s e . h "
5

6 c l a s s VEINS_INET_API V e i n s I n e t S a m p l e A p p l i c a t i o n : p u b l i c v e i n s : :
V e i n s I n e t A p p l i c a t i o n B a s e {

7

8 p r o t e c t e d :
9 b o o l haveForwarded = f a l s e ;

10

11 p r o t e c t e d :
12 v i r t u a l b o o l s t a r t A p p l i c a t i o n ( ) o v e r r i d e ;
13 v i r t u a l b o o l s t o p A p p l i c a t i o n ( ) o v e r r i d e ;
14 v i r t u a l vo id p r o c e s s P a c k e t ( s t d : : s h a r e d _ p t r < i n e t : : Packet > pk ) o v e r r i d e ;
15

16

17 p u b l i c :
18 V e i n s I n e t S a m p l e A p p l i c a t i o n ( ) ;
19 ~ V e i n s I n e t S a m p l e A p p l i c a t i o n ( ) ;
20 vo id generateCAM ( ) ; / / F u n c t i o n f o r CAM g e n e r a t i o n and s end i ng
21 s t d : : p a i r < double , double > g e t V e h i c l e L a t L o n g ( ) ; / / F u n c t i o n f o r g e t t i n g

SUMO v e h i c l e G e o P o s i t i o n
22 u i n t 8 _ t msg_bu f f e r [ 1 0 2 4 ] ; / / B u f f e r f o r CAM
23 } ;

OMNeT++ has its own solution for creating messages/packets. It already has a sample .msg in
the veins_inet folder, called VeinsInetSampleMessage.msg. This �le should be opened and a
bu�er should be de�ned, which will be transmitted between nodes with the encoded CAM
data. The content of the �le should look like this:

1 impor t i n e t . common . INETDefs ;
2 impor t i n e t . common . p a c k e t . chunk . Chunk ;
3

4 / /
5 / / Example message d e f i n i t i o n
6 / /
7 c l a s s Ve ins Ine tSamp leMessage e x t e n d s i n e t : : F i e ld sChunk
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8 {
9 s t r i n g r o a d I d ; / / Th i s i s from the example , but we can l e a v e i t here

10 u i n t 8 _ t m e s s a g e B u f f e r [ 1 0 2 4 ] ; / / B u f f e r f o r the CAM d a t a
11 }

OMNeT++ will automatically generate a �le called VeinsInetSampleMessage_m.cc �le and the
corresponding header too. These generated �les should not be changed, because OMNeT++
will rebuild them and overwrite them anyway. If the bu�er is de�ned, the solution can be built
with Ctrl + B and the message header can be included in VeinsInetSampleApplication.cc. Also
include the math library.

1 # i n c l u d e " v e i n s _ i n e t / Veins InetSampleMessage_m . h "
2 # i n c l u d e <math . h>

Now a function generateCAM() can be created in VeinsInetSampleApplication.cc. To initialize
the CAM structure, the CAM_t * type has to be de�ned and the memory must be allocated for
it by initializing a new instance of it. The encoder return value variable must be also de�ned.
The message bu�er what we de�ned in the header should be cleared.

1 / / F u n c t i o n t o f i l l CAM d a t a f o r every node and encode i t i n UPER then send
i t i n every second .

2 vo id V e i n s I n e t S a m p l e A p p l i c a t i o n : : generateCAM ( )
3 {
4 / / Memory a l l o c a t i o n f o r CAM_t
5 CAM_t ∗ cam = new CAM_t ( ) ;
6

7 / / encoder r e t u r n v a l u e
8 a s n _ e n c _ r v a l _ t e rv ;
9

10 / / C l e a r msg_bu f f e r j u s t t o make s u r e i t ’ s empty
11 memset ( msg_buf fer , 0 , s i z e o f ( msg_bu f f e r ) ) ;
12

13 }

Now the CAM structure can be accessed through the CAM_t *cam pointer. For example to set
the station ID in the CAM message, the following can be done:

1 / ∗ CAM STRUCTURE ∗ /
2 / / HEADER
3 cam−> header . s t a t i o n I D = 1 ;

Be aware, that the structure hierarchy contains some pointers inside. If a value has to be
assigned to these �elds, which are de�ned as pointers, the memory must be allocated for them
�rst. For example:

1 / / LATERAL ACCELERATION
2 / / F i r s t the memory a l l o c a t i o n
3 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .

b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . l a t e r a l A c c e l e r a t i o n = (
L a t e r a l A c c e l e r a t i o n ∗ ) c a l l o c ( 1 , s i z e o f ( L a t e r a l A c c e l e r a t i o n ) ) ;

4 / / A s s i g n i n g a v a l u e t o the f i e l d
5 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .

b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . l a t e r a l A c c e l e r a t i o n −>
l a t e r a l A c c e l e r a t i o n V a l u e = −2 ;

In this hierarchy cam->cam.camParameters.highFrequencyContainer.choice .basicVehicleCon-
tainerHighFrequency.lateralAcceleration, where .laterAcceleration is the pointer, the memory
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allocation must be done with a type cast (for example: (LateralAcceleration *)), because calloc’s
type is always void*. To �nd out the type which should be casted for calloc, right click on the
name of the pointer and Open Declaration, where the structure and the corresponding type
can be seen, what is needed. In case of .laterAcceleration:

1 / ∗ B a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y ∗ /
2 t y p e d e f s t r u c t B a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y {
3 Heading_t head ing ;
4 Speed_ t speed ;
5 D r i v e D i r e c t i o n _ t d r i v e D i r e c t i o n ;
6 V e h i c l e L e n g t h _ t v e h i c l e L e n g t h ;
7 V e h i c l e W i d t h _ t v e h i c l e W i d t h ;
8 L o n g i t u d i n a l A c c e l e r a t i o n _ t l o n g i t u d i n a l A c c e l e r a t i o n ;
9 C u r v a t u r e _ t c u r v a t u r e ;

10 C u r v a t u r e C a l c u l a t i o n M o d e _ t c u r v a t u r e C a l c u l a t i o n M o d e ;
11 YawRate_t yawRate ;
12 A c c e l e r a t i o n C o n t r o l _ t ∗ a c c e l e r a t i o n C o n t r o l ; / ∗ OPTIONAL ∗ /
13 L a n e P o s i t i o n _ t ∗ l a n e P o s i t i o n ; / ∗ OPTIONAL ∗ /
14 s t r u c t S tee r ingWhee lAng le ∗ s t e e r i n g W h e e l A n g l e ; / ∗ OPTIONAL

∗ /
15 s t r u c t L a t e r a l A c c e l e r a t i o n ∗ l a t e r a l A c c e l e r a t i o n ; / / <−−− This

i s the type needed i n t h i s c a s e !
16 s t r u c t V e r t i c a l A c c e l e r a t i o n ∗ v e r t i c a l A c c e l e r a t i o n ; / ∗ OPTIONAL

∗ /
17 P e r f o r m a n c e C l a s s _ t ∗ p e r f o r m a n c e C l a s s ; / ∗ OPTIONAL ∗ /
18 s t r u c t CenDsrcTo l l ingZone ∗ c e n D s r c T o l l i n g Z o n e ; / ∗ OPTIONAL

∗ /
19

20 / ∗ Contex t f o r p a r s i n g a c r o s s b u f f e r b o u n d a r i e s ∗ /
21 a s n _ s t r u c t _ c t x _ t _ a s n _ c t x ;
22 } B a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y _ t ;

There are some pointers which contain another pointer inside of them (for example a bu�er).
Then the memory has to be also allocated for the bu�er. For example, the AccelerationControl
�eld is a BIT_STRING type, which means it is a serialized binary data container. In this case
the memory has to be allocated for the bu�er and then the value can be assigned like this:

1 / / ACCELERATION CONTROL
2 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .

b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . a c c e l e r a t i o n C o n t r o l = (
A c c e l e r a t i o n C o n t r o l _ t ∗ ) c a l l o c ( 1 , s i z e o f ( A c c e l e r a t i o n C o n t r o l _ t ) ) ;

3 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .
b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . a c c e l e r a t i o n C o n t r o l −> s i z e = 1 ;

4 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .
b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . a c c e l e r a t i o n C o n t r o l −> buf = ( u i n t 8 _ t
∗ ) c a l l o c ( 1 , s i z e o f ( u i n t 8 _ t ) ) ;

5 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .
b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . a c c e l e r a t i o n C o n t r o l −> buf [ 0 ] = 0
b0100000 ;

Some �elds have prede�ned enumerators, which should be used by the standard. Find these by
opening the �elds declaration and then open the declaration of the �eld’s type. The enumerators
can be seen corresponding to that type. For example in the case of the AccelerationCon�dence
�eld, the enumerator de�nitions are this:

1 / ∗ Dependenc ies ∗ /
2 t y p e d e f enum A c c e l e r a t i o n C o n f i d e n c e {
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3 A c c e l e r a t i o n C o n f i d e n c e _ p o i n t O n e M e t e r P e r S e c S q u a r e d = 1 ,
4 A c c e l e r a t i o n C o n f i d e n c e _ o u t O f R a n g e = 1 0 1 ,
5 A c c e l e r a t i o n C o n f i d e n c e _ u n a v a i l a b l e = 102
6 } e _ A c c e l e r a t i o n C o n f i d e n c e ;

And they can be assigned by just calling them:
1 cam−>cam . camParameters . h i g h F r e q u e n c y C o n t a i n e r . c h o i c e .

b a s i c V e h i c l e C o n t a i n e r H i g h F r e q u e n c y . l a t e r a l A c c e l e r a t i o n −>
l a t e r a l A c c e l e r a t i o n C o n f i d e n c e =
A c c e l e r a t i o n C o n f i d e n c e _ p o i n t O n e M e t e r P e r S e c S q u a r e d ;

After �lling the data structure, the CAM message can be serialized. For this the support
functions from ASN1C should be used which are also built in the static library. For an UPER
encode the following function can be used:

1 erv = a s n _ e n c o d e _ t o _ b u f f e r ( 0 , ATS_UNALIGNED_BASIC_PER , &asn_DEF_CAM , cam ,
msg_buf fer , s i z e o f ( msg_bu f f e r ) ) ;

2 i f ( e rv . encoded == −1)
3 {
4 s t d : : cou t << " ERROR : CAM S e r i a l i z a t i o n f a i l e d ! \ n " ;
5 } e l s e
6 {
7 s t d : : cou t << " \ n " ;
8 f o r ( i n t i = 0 ; i < s i z e o f ( msg_bu f f e r ) ; i ++)
9 {

10 / / P r i n t out b u f f e r i n u p p e rc a s e d he xa de c im a l
11 s t d : : cou t << s t d : : hex << s t d : : u p p e r c a s e << + msg_bu f f e r [ i ] << "

" ;
12 }
13 s t d : : cou t << s t d : : nouppercase << s t d : : dec << " \ n " ;
14 s t d : : cou t << " Encoded b y t e s : " << erv . encoded << " \ n " ;
15 }

Now msg_bu�er should contain the UPER encoded data. It’s time to load this data in an
OMNeT++ message, exactly in the uint8_t messageBu�er[1024]; bu�er which is already created
with the .msg �le. For this, �rst a payload variable has to be created which will hold the data
and contain a shared intrusive pointer. This means, that it will have a pointer at the start and
at the end of the variable. With these pointers, OMNeT++ can easily create packets from the
payload by adding and removing certain headers (e.g. UDP headers, MAC addresses etc.). A
timestamp has to be added, the Chunk length has to be set, the bu�er hasto be �lled and a
packet from the payload must be created before it can be sent. After the packet is sent the
CAM structure and the bu�ers have to be cleared. Example code:

1 / / C r e a t i n g the payload , which i s a s h a r e d p o i n t e r
2 auto pay load = makeShared < Ve ins Ine tSampleMessage > ( ) ;
3

4 / / Timestamp adds the newest g e n e r a t i o n t ime t o the pay load ( or i f i t
a l r e a d y has one , i t removes the o l d one )

5 t imes tampPay load ( pay load ) ;
6

7 / / D e f i n i n g pay load Chunk l e n g t h
8 payload −> setChunkLength ( B ( 1 0 2 4 ) ) ;
9

10 / / F i l l the pay load message b u f f e r with the UPER s e r i a l i z e d CAM message
11 f o r ( i n t k = 0 ; k < s i z e o f ( msg_bu f f e r ) ; k ++)
12 {
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13 payload −> s e t M e s s a g e B u f f e r ( k , msg_bu f f e r [ k ] ) ;
14 }
15

16 / / C r e a t i n g the p a c k e t
17 auto p a c k e t = c r e a t e P a c k e t ( " camPacket " ) ;
18

19 / / I n s e r t the pay load a t the end p o i n t e r o f the p a c k e t
20 packet −> i n s e r t A t B a c k ( pay load ) ;
21 s e n d P a c k e t ( s t d : : move ( p a c k e t ) ) ;
22

23 / / Memory r e l e a s e and c l e a r i n g b u f f e r
24 ASN_STRUCT_FREE ( asn_DEF_CAM , cam ) ;
25 memset ( msg_buf fer , 0 , s i z e o f ( msg_bu f f e r ) ) ;
26 cam = NULL ;
27 d e l e t e cam ;

To send the message a timer is needed:

1 / / C r e a t i n g an i n t e r v a l f o r c a l l i n g " c a l l b a c k "
2 t imerManager . c r e a t e ( v e i n s : : T i m e r S p e c i f i c a t i o n ( c a l l b a c k ) . i n t e r v a l ( SimTime ( 1 ,

SIMTIME_S ) ) , "CAM" ) ;

This timer will call the callback named callback with an interval of 1 second.

The CAM generation code should be written inside of the callback like this:

1 auto c a l l b a c k = [ t h i s ] ( )
2 {
3 / ∗CAM g e n e r a t i o n , s e r i a l i z a t i o n and p a c k e t c r e a t i o n / send ing code comes

here ∗ /
4 }

During the simulation, every node will create an instance of VeinsInetSampleApplication. This
means, that the created code will run on every SUMO vehicle. The generateCAM() function
must be called in VeinsInetSampleApplication::startApplication(). A complete example code
with the packet processing and some node corresponding settings:

1 b o o l V e i n s I n e t S a m p l e A p p l i c a t i o n : : s t a r t A p p l i c a t i o n ( )
2 {
3 / ∗ G e n e r a t i n g CAM message f o r every node i n the s i m u l a t i o n . C r e a t i n g a

pay load and a p a c k e t and send i t . ∗ /
4 generateCAM ( ) ;
5

6 r e t u r n t r u e ;
7 }
8

9 vo id V e i n s I n e t S a m p l e A p p l i c a t i o n : : p r o c e s s P a c k e t ( s t d : : s h a r e d _ p t r < i n e t : : Packet
> pk )

10 {
11 auto pay load = pk−> peekAtFront < Ve ins Ine tSampleMessage > ( ) ;
12 ge tParen tModu le ( ) −> g e t D i s p l a y S t r i n g ( ) . se tTagArg ( " i " , 1 , " green " ) ;
13 EV_INFO << " R e c e i v e d p a c k e t : " << pay load << e n d l ;
14

15 / / DEBUG : R e c e i v e d encoded message
16 f o r ( i n t i = 0 ; i < 1 0 2 4 ; i ++)
17 {
18 s t d : : cou t << s t d : : hex << s t d : : u p p e r c a s e << + payload −>

g e t M e s s a g e B u f f e r ( i ) ;

27



19 }
20 s t d : : cou t << s t d : : nouppercase << s t d : : dec << " \ n " ;
21

22 i f ( haveForwarded ) r e t u r n ;
23

24 auto p a c k e t = c r e a t e P a c k e t ( " r e l a y " ) ;
25 packet −> i n s e r t A t B a c k ( pay load ) ;
26 s e n d P a c k e t ( s t d : : move ( p a c k e t ) ) ;
27

28 haveForwarded = t r u e ;
29 }
30

31 / / F u n c t i o n t o f i l l CAM d a t a f o r every node and encode i t i n UPER then send
i t i n every second .

32 vo id V e i n s I n e t S a m p l e A p p l i c a t i o n : : generateCAM ( )
33 {
34 / / Send CAM message from node [ 0 ] , o t h e r nodes w i l l forward the message
35 i f ( ge tParen tModu le ( ) −> g e t I n d e x ( ) == 0 )
36 {
37 auto c a l l b a c k = [ t h i s ] ( )
38 {
39 / / S e t node i c o n t o red , i n d i c a t i n g CAM g e n e r a t i o n
40 ge tParen tModu le ( ) −> g e t D i s p l a y S t r i n g ( ) . se tTagArg ( " i " , 1 , "

r ed " ) ;
41 / ∗ CAM Message S t r u c t u r e ∗ /
42

43 / / Memory a l l o c a t i o n f o r CAM_t
44 CAM_t ∗ cam = new CAM_t ( ) ;
45

46 / / encoder r e t u r n v a l u e
47 a s n _ e n c _ r v a l _ t e rv ;
48

49 / / C l e a r msg_bu f f e r j u s t t o make s u r e i t ’ s empty
50 memset ( msg_buf fer , 0 , s i z e o f ( msg_bu f f e r ) ) ;
51

52 / ∗ Get v e h i c l e p a r a m e t e r s ∗ /
53 / / node ID
54 i n t nodeID = ge tParen tModu le ( ) −> g e t I n d e x ( ) ;
55 s t d : : cou t << " S t a r t CAM g e n e r a t i o n . . . \ n " ;
56

57 / ∗ CAM STRUCTURE ∗ /
58 / / HEADER
59 cam−> header . s t a t i o n I D = nodeID ;
60 cam−> header . p r o t o c o l V e r s i o n = 1 ;
61 cam−> header . messageID = I tsPduHeader__messageID_cam ;
62

63 / / GenDeltaTime
64 cam−>cam . g e n e r a t i o n D e l t a T i m e = 1 1 4 0 9 ;
65

66 / / BASIC CONTAINER
67 cam−>cam . camParameters . b a s i c C o n t a i n e r . s t a t i o n T y p e =

S t a t i o n T y p e _ p a s s e n g e r C a r ;
68 / / P r i n t out s e r i a l i z e d CAM MSG
69 a s n _ f p r i n t ( s t d o u t , &asn_DEF_CAM , cam ) ;
70

71 / ∗ UPER ENCODE TO b u f f e r u i n t 8 _ t msg_bu f f e r [ SIZE ] ∗ /
72 s t d : : cou t << " S e r i a l i z e . . . \ n " ;
73
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74 erv = a s n _ e n c o d e _ t o _ b u f f e r ( 0 , ATS_UNALIGNED_BASIC_PER , &
asn_DEF_CAM , cam , msg_buf fer , s i z e o f ( msg_bu f f e r ) ) ;

75 i f ( e rv . encoded == −1)
76 {
77 s t d : : cou t << " ERROR : CAM S e r i a l i z a t i o n f a i l e d ! \ n " ;
78 } e l s e
79 {
80 s t d : : cou t << " \ n " ;
81 f o r ( i n t i = 0 ; i < s i z e o f ( msg_bu f f e r ) ; i ++)
82 {
83 / / P r i n t out b u f f e r i n u p p e rc a s e d he xa de c im a l
84 s t d : : cou t << s t d : : hex << s t d : : u p p e r c a s e << +

msg_bu f f e r [ i ] << " " ;
85 }
86 s t d : : cou t << s t d : : nouppercase << s t d : : dec << " \ n " ;
87 s t d : : cou t << " Encoded b y t e s : " << erv . encoded << " \ n " ;
88 }
89

90 / / C r e a t i n g the payload , which i s a s h a r e d p o i n t e r
91 auto pay load = makeShared < Ve ins Ine tSampleMessage > ( ) ;
92

93 / / Timestamp adds the newest g e n e r a t i o n t ime t o the pay load
( or i f i t a l r e a d y has one , i t removes the o l d one )

94 t imes tampPay load ( pay load ) ;
95

96 / / D e f i n i n g pay load Chunk l e n g t h
97 payload −> setChunkLength ( B ( 1 0 2 4 ) ) ;
98

99 / / F i l l the pay load message b u f f e r with the UPER s e r i a l i z e d
CAM message

100 f o r ( i n t k = 0 ; k < s i z e o f ( msg_bu f f e r ) ; k ++)
101 {
102 payload −> s e t M e s s a g e B u f f e r ( k , msg_bu f f e r [ k ] ) ;
103 }
104

105 / / C r e a t i n g the p a c k e t
106 auto p a c k e t = c r e a t e P a c k e t ( " camPacket " ) ;
107

108 / / I n s e r t the pay load a t the end p o i n t e r o f the p a c k e t
109 packet −> i n s e r t A t B a c k ( pay load ) ;
110 s e n d P a c k e t ( s t d : : move ( p a c k e t ) ) ;
111

112 / / Memory r e l e a s e and c l e a r i n g b u f f e r
113 ASN_STRUCT_FREE ( asn_DEF_CAM , cam ) ;
114 memset ( msg_buf fer , 0 , s i z e o f ( msg_bu f f e r ) ) ;
115 cam = NULL ;
116 d e l e t e cam ;
117 } ;
118 / / C r e a t i n g an i n t e r v a l f o r c a l l i n g " c a l l b a c k "
119 t imerManager . c r e a t e ( v e i n s : : T i m e r S p e c i f i c a t i o n ( c a l l b a c k ) . i n t e r v a l (

SimTime ( 1 , SIMTIME_S ) ) , "CAM" ) ;
120 }
121 }
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8.3 Extending TraCICommandInterface
The Veins framework has a TraCICommandInterface which contains some functions, which
can get some parameters from SUMO through the TraCI interface. To �ll CAM message data,
these functions must be extended. Open the header �le located in: veins/src/veins/modules/mo-
bility/traci/TraCICommandInterface.h. Declare new functions as public:

1 doub le g e t V e h i c l e S p e e d ( ) ;
2 doub le g e t V e h i c l e A n g l e ( ) ;

Now create them in the .cc �le:

1 doub le TraCICommandInter face : : V e h i c l e : : g e t V e h i c l e S p e e d ( )
2 {
3 r e t u r n t r a c i −> g e n e r i c G e t D o u b l e ( CMD_GET_VEHICLE_VARIABLE , nodeId ,

VAR_SPEED , RESPONSE_GET_VEHICLE_VARIABLE ) ;
4 }
5

6 doub le TraCICommandInter face : : V e h i c l e : : g e t V e h i c l e A n g l e ( )
7 {
8 r e t u r n t r a c i −> g e n e r i c G e t D o u b l e ( CMD_GET_VEHICLE_VARIABLE , nodeId ,

VAR_ANGLE , RESPONSE_GET_VEHICLE_VARIABLE ) ;
9 }

These functions will get the vehicle speed and vehicle heading parameters through the TraCI
interface.

To call them in the VeinsInetSampleApplication.cc use the following pointer:

1 doub le v e h i c l e H e a d i n g = t r a c i V e h i c l e −> g e t V e h i c l e A n g l e ( ) ; / / Th i s w i l l
r e t u r n the head ing o f the SUMO v e h i c l e .

Any other extensions can be de�ned, just the SUMO Documentation has to be followed for
variables (like VAR_ANGLE, it can be also right clicked and declaration can be opened where
every declared variable can be found.)

8.4 Get SUMO Vehicles’ Geo location
To get the Latitude and Longitude of a SUMO vehicle another function has to be created
in VeinsInetSampleApplication. They were already de�ned in the header �le (see 8.2). The
function should look like this in the VeinsInetSampleApplication.cc �le:

1 / ∗
2 ∗ Th i s f u n c t i o n g e t s the c u r r e n t p o s i t i o n o f the node from OMNeT++ i n an

i n e t : : Coord type .
3 ∗ I t t r a n s f o r m s the i n e t : : Coord type t o the v e i n s : : Coord type .
4 ∗ Then i t r e t u r n s the L a t i t u d e and Lo ng i t ud e i n an s t d : : p a i r < double , double

> type .
5 ∗ L on g i tu de : p a i r . f i r s t
6 ∗ L a t i t u d e : p a i r . second
7 ∗ /
8 s t d : : p a i r < double , double > V e i n s I n e t S a m p l e A p p l i c a t i o n : : g e t V e h i c l e L a t L o n g ( )
9 {

10 / / Get the v e h i c l e c o o r d i n a t e s from OMNeT++ s t o r e d i n an INET Coord
11 i n e t : : Coord v e h i c l e P o s i t i o n = m o b i l i t y −> g e t C u r r e n t P o s i t i o n ( ) ;
12 / / Ve ins Coord
13 v e i n s : : Coord ve insCoord ;
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14 / / Ve ins Coord Lo n g i tu de
15 ve insCoord . x = v e h i c l e P o s i t i o n . x ;
16 / / Ve ins Coord L a t i t u d e
17 ve insCoord . y = v e h i c l e P o s i t i o n . y ;
18 s t d : : p a i r < double , double > CoordPa i r = t r a c i −> g e t L o n L a t ( ve insCoord ) ;
19 / / M u l t i p l y v a l u e s t o g e t the c o r r e c t form f o r CAM
20 CoordPa i r . f i r s t ∗= 1 0 0 0 . 0 ;
21 CoordPa i r . second ∗= 1 0 0 0 . 0 ;
22 / / Return the C o o r d i n a t e P a i r
23 r e t u r n CoordPa i r ;
24 }

8.5 generationDeltaTime
For generationDeltaTime an epoch has to be created as the standard de�ned it. It is using an
external header: Link

Create the following function in VeinsInetSampleApplication.cc with includes:

1 / / Time f u n c t i o n d e p e n d e n c i e s
2 # i n c l u d e <chrono >
3 # i n c l u d e " d a t e . h "
4 # i n c l u d e < c s t d i n t >
5

6 / / Clock s t r u c t u r e f o r g e n e r a t i o n D e l t a T i m e
7 s t r u c t myclock
8 {
9 u s i n g rep = s t d : : i n t 3 2 _ t ;

10 u s i n g p e r i o d = s t d : : m i l l i ;
11 u s i n g d u r a t i o n = s t d : : chrono : : d u r a t i o n <rep , pe r iod > ;
12 u s i n g t i m e _ p o i n t = s t d : : chrono : : t i m e _ p o i n t <myclock > ;
13 s t a t i c c o n s t e x p r b o o l i s _ s t e a d y = f a l s e ;
14

15 s t a t i c t i m e _ p o i n t now ( ) noexcep t
16 {
17 u s i n g namespace s t d : : chrono ;
18 u s i n g namespace d a t e ;
19 r e t u r n t i m e _ p o i n t { d u r a t i o n _ c a s t < d u r a t i o n >( s y s t e m _ c l o c k : : now ( ) −

s y s _ d a y s { j a n / 1 / 2 0 0 4 } ) } ;
20 }
21 } ;
22

23 / / F u n c t i o n t o g e n e r a t e the g e n e r a t i o n D e l t a T i m e f o r the CAM message
24 / / DEFINE IT FIRST IN THE HEADER!
25 u i n t 6 4 _ t V e i n s I n e t S a m p l e A p p l i c a t i o n : : g e t G e n e r a t i o n D e l t a T i m e ( )
26 {
27 auto tp = myclock : : now ( ) ;
28 u i n t 6 4 _ t g e n e r a t i o n D e l t a T i m e ;
29 g e n e r a t i o n D e l t a T i m e = tp . t i m e _ s i n c e _ e p o c h ( ) . count ( ) ;
30

31 r e t u r n g e n e r a t i o n D e l t a T i m e ;
32 }
33

34 / / Usage by the s t a n d a r d :
35 u i n t 6 4 _ t g e n e r a t i o n D e l t a T i m e = g e t G e n e r a t i o n D e l t a T i m e ( ) % 6 5 5 3 6 ;
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8.6 Adding pathPoints to pathHistory
The PathPoint can be created and added to the PathHistory �eld with the following example:

1 / / PATH HISTORY
2 P a t h P o i n t ∗ p a t h P o i n t = new P a t h P o i n t ( ) ;
3 p a t h P o i n t −> p a t h P o s i t i o n . d e l t a L a t i t u d e = c a l c u l a t e D e l t a ( L a t i t u d e , l a t B e f o r e )

;
4 p a t h P o i n t −> p a t h P o s i t i o n . d e l t a L o n g i t u d e = c a l c u l a t e D e l t a ( Longi tude ,

l o n g B e f o r e ) ;
5 p a t h P o i n t −> p a t h P o s i t i o n . d e l t a A l t i t u d e = D e l t a A l t i t u d e _ u n a v a i l a b l e ;
6

7 / / Add the p a t h P o i n t t o the p a t h H i s t o r y
8 ASN_SEQUENCE_ADD(&cam−>cam . camParameters . l owFrequencyConta iner −> c h o i c e .

b a s i c V e h i c l e C o n t a i n e r L o w F r e q u e n c y . p a t h H i s t o r y , p a t h P o i n t ) ;

9 Creating a custom RSU Application
To develop a custom RSU application, an OMNeT++ module has to be created �rst to simulate
the RSU itself, which will run the application just like in the case of vehicle nodes. First, a new
NED �le has to be created in the custom project under src/veins_inet. Name the new NED �le
as RSUStation.ned and use the following source code for the module:

1 package t u t o r i a l . v e i n s _ i n e t ;
2

3 impor t i n e t . n e t w o r k l a y e r . c o n f i g u r a t o r . i p v 4 . H o s t A u t o C o n f i g u r a t o r ;
4 impor t i n e t . node . i n e t . AdhocHost ;
5

6 / /
7 / / W i r e l e s s − e n a b l e d Host
8 / /
9 module R S U s t a t i o n e x t e n d s AdhocHost

10 {
11 p a r a m e t e r s :
12 @display ( " p = 1 5 0 , 1 5 0 ; " ) ;
13 i p v 4 . c o n f i g u r a t o r . ne tworkConf igura torModu le = " " ;
14 submodules :
15

16 }

With this module, the module of vehicles is recreated, so the RSU will be handled just like any
vehicle node in the simulation. With the help of this, the same radio settings can be used both
for vehicles and RSUs. Create the module of the application layer as RSUApplication.ned with
the following source:
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1 package t u t o r i a l . v e i n s _ i n e t ;
2

3 impor t t u t o r i a l . v e i n s _ i n e t . V e i n s I n e t A p p l i c a t i o n B a s e ;
4

5 s i m p l e R SUA pp l i c a t i on e x t e n d s V e i n s I n e t A p p l i c a t i o n B a s e
6 {
7 p a r a m e t e r s :
8 @class ( RSU Ap p l i ca t i o n ) ;
9

10 g a t e s :
11

12 }
13 }

To create the application itself, the RSUApplication.h must be created:
1 # pragma once
2

3 # i n c l u d e " v e i n s _ i n e t / v e i n s _ i n e t . h "
4 # i n c l u d e " v e i n s _ i n e t / V e i n s I n e t A p p l i c a t i o n B a s e . h "
5

6 c l a s s VEINS_INET_API RS UA pp l i c a t i on : p u b l i c v e i n s : :
V e i n s I n e t A p p l i c a t i o n B a s e {

7

8 p r o t e c t e d :
9

10 p r o t e c t e d :
11 v i r t u a l b o o l s t a r t A p p l i c a t i o n ( ) o v e r r i d e ;
12 v i r t u a l b o o l s t o p A p p l i c a t i o n ( ) o v e r r i d e ;
13 v i r t u a l vo id p r o c e s s P a c k e t ( s t d : : s h a r e d _ p t r < i n e t : : Packet > pk ) o v e r r i d e ;
14

15

16 p u b l i c :
17 RS UA pp l i c a t i on ( ) ;
18 ~ RS UA pp l i c a t i on ( ) ;
19 } ;

and the RSUApplication.cc:
1 # i n c l u d e " v e i n s _ i n e t / R SUA pp l i c a t i on . h "
2 # i n c l u d e " i n e t / common / ModuleAccess . h "
3 # i n c l u d e " i n e t / common / p a c k e t / P a c k e t . h "
4 # i n c l u d e " i n e t / common / TagBase_m . h "
5 # i n c l u d e " i n e t / common / TimeTag_m . h "
6 # i n c l u d e " i n e t / n e t w o r k l a y e r / common / L 3 A d d r e s s R e s o l v e r . h "
7 # i n c l u d e " i n e t / n e t w o r k l a y e r / common / L3AddressTag_m . h "
8 # i n c l u d e " i n e t / t r a n s p o r t l a y e r / c o n t r a c t / udp / UdpContro l Info_m . h "
9 # i n c l u d e < s t r i n g . h>

10 # i n c l u d e < thread >
11 / / Message
12 # i n c l u d e " v e i n s _ i n e t / Veins InetSampleMessage_m . h "
13 / / CAM S t r u c t u r e
14 # i n c l u d e " b u i l d / s o u r c e s /CAM. h "
15 / / Math
16 # i n c l u d e <math . h>
17 / / Time f u n c t i o n d e p e n d e n c i e s
18 # i n c l u d e <chrono >
19 # i n c l u d e " d a t e . h "
20 # i n c l u d e < c s t d i n t >
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21

22 u s i n g namespace i n e t ;
23

24

25 Def ine_Module ( RS UA pp l i c a t i on ) ;
26

27 RS UA pp l i c a t i on : : R SUA pp l i c a t i on ( )
28 {
29 }
30

31 b o o l R SU App l i ca t i o n : : s t a r t A p p l i c a t i o n ( )
32 {
33 EV_INFO << " RSU App S t a r t e d ! \ n " ;
34 / / I n s e r t your a p p l i c a t i o n code here , e . g . message g e n e r a t i o n and

sen d in g
35 r e t u r n t r u e ;
36 }
37

38 b o o l R SU App l i ca t i o n : : s t o p A p p l i c a t i o n ( )
39 {
40 r e t u r n t r u e ;
41 }
42

43 RS UA pp l i c a t i on : : ~ R SUA pp l i c a t i on ( )
44 {
45 }
46

47 / / P a c k e t p r o c e s s i n g
48 vo id RS UA pp l i c a t i on : : p r o c e s s P a c k e t ( s t d : : s h a r e d _ p t r < i n e t : : Packet > pk )
49 {
50 EV_INFO << " RSU r e c e i v e d a message ! \ n " ;
51 / / I n s e r t your a p p l i c a t i o n code here f o r message r e c e i v e
52 r e t u r n ;
53 }

To avoid crashes,VeinsInetApplicationBase.cc must be modi�ed. Change the handleStartOper-
ation() function according to the following:

1 vo id V e i n s I n e t A p p l i c a t i o n B a s e : : h a n d l e S t a r t O p e r a t i o n ( L i f e c y c l e O p e r a t i o n ∗
o p e r a t i o n )

2 {
3 m o b i l i t y = v e i n s : : V e i n s I n e t M o b i l i t y A c c e s s ( ) . g e t ( ge tParen tModu le ( ) ) ;
4 / / Make s u r e t o don ’ t use TraCI i d f o r RSU modules . . .
5 EV_INFO << "MODULE NAME: " << ge tParen tModu le ( ) −>getName ( ) << " \ n " ;
6 i f ( s t d : : s t rcmp ( ( ge tParen tModu le ( ) −>getName ( ) ) , " node " ) == 0 )
7 {
8 t r a c i = m o b i l i t y −> getCommandInter face ( ) ;
9 t r a c i V e h i c l e = m o b i l i t y −> g e t V e h i c l e C o m m a n d I n t e r f a c e ( ) ;

10 }
11

12 L 3 A d d r e s s R e s o l v e r ( ) . t r y R e s o l v e ( " 2 2 4 . 0 . 0 . 1 " , d e s t A d d r e s s ) ;
13 . . .

As the RSU is not present in the SUMO environment, it has to be excluded from getting a
vehicle command interface, otherwise it would crash the simulation.

Now the RSU can be added to the Scenario.ned:
1 package t u t o r i a l . s i m u l a t i o n s . v e i n s _ i n e t ;
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2

3 impor t i n e t . p h y s i c a l l a y e r . common . p a c k e t l e v e l . N o i s e S o u r c e ;
4 impor t t u t o r i a l . v e i n s _ i n e t . Ve ins Ine tManager ;
5 impor t i n e t . p h y s i c a l l a y e r . i e e e 8 0 2 1 1 . p a c k e t l e v e l .

I eee80211Dimens iona lRad ioMedium ;
6 impor t t u t o r i a l . v e i n s _ i n e t . V e i n s I n e t C a r ;
7 impor t t u t o r i a l . v e i n s _ i n e t . R S U s t a t i o n ;
8

9 network S c e n a r i o
10 {
11 @display ( " bgb = 1 1 6 2 , 6 5 8 ; b g i = background / t e r r a i n , s " ) ;
12 submodules :
13 radioMedium : Ieee80211Dimens iona lRad ioMedium ;
14 manager : Ve ins Ine tManager ;
15

16 node [ 0 ] : V e i n s I n e t C a r {
17 @display ( " p =531 , 287 " ) ;
18 }
19 / / Adding an RSU t o the s i m u l a t i o n
20 r s u [ 1 ] : R S U s t a t i o n {
21 @display ( " p = 1 5 0 , 1 5 0 ; i = d e v i c e / antennatower " ) ;
22 }
23 }

Set up the newly created RSU in omnetpp.ini:

1 # RSU A p p l i c a t i o n Se tup
2 ∗ . r s u [ ∗ ] . m o b i l i t y . typename = " S t a t i o n a r y M o b i l i t y "
3 ∗ . r s u [ ∗ ] . numApps = 1
4 ∗ . r s u [ ∗ ] . app [ 0 ] . typename = " t u t o r i a l . v e i n s _ i n e t . RSU Ap p l i ca t i o n "
5 ∗ . r s u [ ∗ ] . app [ 0 ] . i n t e r f a c e = " wlan0 "
6 ∗ . r s u [ ∗ ] . m o b i l i t y . i n i t F r o m D i s p l a y S t r i n g = f a l s e
7 / / RSU P o s i t i o n i n g
8 ∗ . r s u [ ∗ ] . m o b i l i t y . i n i t i a l X = 150m
9 ∗ . r s u [ ∗ ] . m o b i l i t y . i n i t i a l Y = 150m

10

11 # RSU Radio s e t t i n g s
12 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . opMode = " p "
13 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . r a d i o . bandName = " 5 . 9 GHz"
14 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . r a d i o . channelNumber = 3
15 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . r a d i o . t r a n s m i t t e r . power = 20mW
16 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . r a d i o . typename = " I e e e 8 0 2 1 1 D i m e n s i o n a l R a d i o "
17 ∗ . r u s [ ∗ ] . wlan [ ∗ ] . r a d i o . t r a n s m i t t e r . typename = "

I e e e 8 0 2 1 1 D i m e n s i o n a l T r a n s m i t t e r "
18 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . r a d i o . r e c e i v e r . typename = " I e e e 8 0 2 1 1 D i m e n s i o n a l R e c e i v e r "
19 ∗ . r s u [ ∗ ] . wlan [ ∗ ] . r a d i o . bandwidth = 10 MHz

Now any number of RSUs can be added to the simulation, with any settings.
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Figure 17: Multiple RSU simulation.
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10 Moving a project
In case the project is needed on another computer, it can be easily moved. Just install the
same OMNeT++ version. After that, the project has to be exported by using File -> Export and
choosing Archive File under General. Settings can be seen in Fig. 18

(a) Export project as an archive �le.

(b) Export settings.

Figure 18: Exporting an existing project.

After importing the existing project back on the other computer, the project resources must
be double checked. If an error (Class "Veins::VeinsInetManager" not found – perhaps its code
was not linked in, or the class wasn’t registered with Register_Class(), or in the case of modules
and channels, with De�ne_Module()/De�ne_Channel() – in module (omnetpp::cModule) Scenario
(id=1), during network setup.) arises while starting the simulation, probably run settings must
be changed. For this, right click on the project folder and select Properties. Select Run/Debug
settings. Select Edit and change the settings according to Fig. 10.

Figure 19: Run/Debug Settings.
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Figure 20: Veins_inet run settings.

Allowing multiple processes is not a must.

11 Obstacle shadowing
Creating a detailed simulation means, that the signal power loss caused by the objects in the
environment, can not be neglected. For a Veins_INET project, the obstacle shadowing can be
realized with the help of multiple modules. Be advised, that Veins 5.1 has a di�erent visualizer
and the obstacle shadowing example will not work with Veins 5.0. Nonetheless, it can be still
realized, just have to use some other modules. The required modules, which has to be imported
and used in the Scenario.ned �le are the following:

• Ieee80211DimensionalRadioMedium

• PhysicalEnvironment

• PhysicalEnvironmentCanvasVisualizer

Veins 5.1 uses the IntegratedVisualizer, which is not compatible with Veins 5.0. It will stop the
simulation with an error, telling that it can not visualize the radio medium for network nodes.

The Scenario.ned �le should contain the following imports and modules:

1 / / R e q u i r e d i m p o r t s :
2 impor t i n e t . p h y s i c a l l a y e r . i e e e 8 0 2 1 1 . p a c k e t l e v e l .

I eee80211Dimens iona lRad ioMedium ;
3 impor t i n e t . v i s u a l i z e r . environment . P h y s i c a l E n v i r o n m e n t C a n v a s V i s u a l i z e r ;
4 impor t i n e t . environment . common . P h y s i c a l E n v i r o n m e n t ;
5

6 / / Adding the modules
7 network S c e n a r i o
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8 {
9 @display ( " bgb = 1 4 6 6 . 2 4 5 , 9 4 3 . 0 0 2 5 ; b g i = background / t e r r a i n , s " ) ;

10 submodules :
11 radioMedium : Ieee80211Dimens iona lRad ioMedium {
12 @display ( " p = 1 3 3 2 . 1 5 5 , 5 8 5 . 9 1 5 0 4 " ) ;
13

14 p h y s i c a l E n v i r o n m e n t : P h y s i c a l E n v i r o n m e n t {
15 @display ( " p = 1 3 3 2 . 1 5 5 , 6 9 0 . 8 5 5 0 4 " ) ;
16 }
17 v i s u a l i z e r : P h y s i c a l E n v i r o n m e n t C a n v a s V i s u a l i z e r {
18 @display ( " p = 1 3 3 2 . 1 5 5 , 4 8 0 . 9 7 5 " ) ;
19

20 / / Other a l r e a d y used modules . . .
21

22 }

By adding these modules, the physical environment can be set up.

Settings can be de�ned in the simulation’s omnetpp.ini �le by adding the following lines:

1 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
2 # O b s t a c l e p a r a m e t e r s #
3 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
4 ∗ . p h y s i c a l E n v i r o n m e n t . c o n f i g = xmldoc ( " o b s t a c l e s . xml " )
5 ∗ . radioMedium . phys i ca lEnv i ronmentModu le = " p h y s i c a l E n v i r o n m e n t "
6 ∗ . radioMedium . o b s t a c l e L o s s . typename = " D i e l e c t r i c O b s t a c l e L o s s "
7 ∗ . radioMedium . o b s t a c l e L o s s . e n a b l e D i e l e c t r i c L o s s = t r u e
8 ∗ . radioMedium . o b s t a c l e L o s s . e n a b l e R e f l e c t i o n L o s s = t r u e
9 ∗ . v i s u a l i z e r . d i s p l a y O b j e c t s = t r u e

10 ∗ . v i s u a l i z e r . phys i ca lEnv i ronmentModu le = " p h y s i c a l E n v i r o n m e n t "

To add obstacles, a con�guration �le has to be created in the simulation folder. In this example,
this is the obstacles.xml �le. INET provides a detailed description of the physicalEnvironment
module and its con�guration here: https://inet.omnetpp.org/docs/users-guide/
ch-environment.html

INET provides some default materials, which can be extended even in the con�guration �le or
programatically in the inet4/src/inet/environment/common/MaterialRegistry.cc �le. A material
is de�ned by its dielectric properties:

• Resistivity

• Relative Permittivity

• Relative Permeability

By setting the radioMedium’s obstacle loss module to use the DielectricObstacleLoss model, the
signal’s power loss will be calculated based on the material’s properties and the propagation
of the signal. This INET module also considers re�ection losses. Instead of the DielectricObsta-
cleLoss, the IdealObstacleLoss model can be also used, but it means a total signal loss, when
the signal is shadowed by an obstacle.

Example con�guration �le:

1 <?xml v e r s i o n = " 1 . 0 " ?>
2 <environment >
3 < o b j e c t p o s i t i o n = " min 40 110 0 " o r i e n t a t i o n = " 0 0 0 " shape = " cubo id 70 3

20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " red " o p a c i t y = " 0 . 8 " / >
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4 < o b j e c t p o s i t i o n = " min 130 110 0 " o r i e n t a t i o n = " 0 0 0 " shape = " cubo id 70 3
20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " red " o p a c i t y = " 0 . 8 " / >

5

6 < o b j e c t p o s i t i o n = " min 40 140 0 " o r i e n t a t i o n = " 0 0 0 " shape = " cubo id 70 3
20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " red " o p a c i t y = " 0 . 8 " / >

7 < o b j e c t p o s i t i o n = " min 130 140 0 " o r i e n t a t i o n = " 0 0 0 " shape = " cubo id 70 3
20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " red " o p a c i t y = " 0 . 8 " / >

8

9 < o b j e c t p o s i t i o n = " min 110 40 0 " o r i e n t a t i o n = " 0 0 0 " shape = "
cubo id 3 70 20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " b l u e "
o p a c i t y = " 0 . 8 " / >

10 < o b j e c t p o s i t i o n = " min 110 140 0 " o r i e n t a t i o n = " 0 0 0 " shape = " cubo id 3 70
20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " b l u e " o p a c i t y = " 0 . 8 " / >

11

12 < o b j e c t p o s i t i o n = " min 130 40 0 " o r i e n t a t i o n = " 0 0 0 " shape = "
cubo id 3 70 20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " b l u e "
o p a c i t y = " 0 . 8 " / >

13 < o b j e c t p o s i t i o n = " min 130 140 0 " o r i e n t a t i o n = " 0 0 0 " shape = " cubo id 3 70
20 " m a t e r i a l = " c o n c r e t e " f i l l − c o l o r = " b l u e " o p a c i t y = " 0 . 8 " / >

14 </ environment >

This example provides the visualized obstacle shadowing depicted in Fig. 11

Figure 21: Veins_Obstacle shadowing.
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12 Extending the system with Simu5G

12.1 Adding Simu5G to the custom project
To simulate 5G D2D (Device-to-Device) UE (User Equipment) communication through gN-
odeBs (5G wireless base stations) that transmit and receive communications between the user
equipment and the mobile network, simply download it (https://github.com/Unipisa/
Simu5G/archive/refs/tags/v1.1.0.zip v1.1.0) and import the folder in OMNeT++ as
an existing project.

To use the 5G simulation, some modi�cations has to be done. First, the project has to be added
as a resource to the custom project, by right clicking on the tutorial folder, selecting properties,
and ticking simu5g under Project References. Simu5G references must be set also, by adding
veins and INET as references of the simu5g project folder. The project has a Car feature, which
also has to be enabled, by selecting the simu5g project folder in the project explorer by left
clicking on it and then using the menu Project -> Project features. The Simu5G Cars feature
can be enabled here.

Figure 22: Veins_Enable cars feature.

In the custom make�le, the following lines has to be changed/added:
1 INCLUDE_PATH = − I $ ( INET4_PROJ ) / s r c − I . − I $ ( VEINS_PROJ ) / s r c − I . − I $ (

SIMU5G_PROJ ) / s r c − I .
2

3 LIBS = $ ( LDFLAG_LIBPATH ) $ ( INET4_PROJ ) / s r c $ ( LDFLAG_LIBPATH ) $ ( VEINS_PROJ ) /
s r c C : / Use r s / s r c / omnetpp − 5 . 6 . 2 / t o o l s / win64 / l i b s / l i b a s n 1 c . a − l INET$ (D) −
l v e i n s $ (D) $ ( LDFLAG_LIBPATH ) $ ( SIMU5G_PROJ ) / s r c

4

5 SIMU5G_PROJ = . . / . . / s imu5g
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With these modi�cations, the custom project can use everything from the Simu5G framework.

Now the modi�cations for the Scenario.ned are the following (Note: In this case the project
name was test instead of tutorial, see e.g. in imports.):

1 package t e s t . s i m u l a t i o n s . v e i n s _ i n e t ;
2

3 impor t i n e t . p h y s i c a l l a y e r . common . p a c k e t l e v e l . N o i s e S o u r c e ;
4 impor t t e s t . v e i n s _ i n e t . Ve ins Ine tManager ;
5 impor t i n e t . p h y s i c a l l a y e r . i e e e 8 0 2 1 1 . p a c k e t l e v e l .

I eee80211Dimens iona lRad ioMedium ;
6 impor t t e s t . v e i n s _ i n e t . V e i n s I n e t C a r ;
7 impor t t e s t . v e i n s _ i n e t . R S U s t a t i o n ;
8

9 / / INET
10 impor t i n e t . n e t w o r k l a y e r . c o n f i g u r a t o r . i p v 4 . I p v 4 N e t w o r k C o n f i g u r a t o r ;
11 impor t i n e t . n e t w o r k l a y e r . i p v 4 . R o u t i n g T a b l e R e c o r d e r ;
12 impor t i n e t . node . i n e t . AdhocHost ;
13 impor t i n e t . node . i n e t . Route r ;
14 impor t i n e t . node . i n e t . S t andardHos t ;
15 impor t i n e t . node . e t h e r n e t . Eth10G ;
16 impor t i n e t . n e t w o r k l a y e r . common . I n t e r f a c e T a b l e ;
17 impor t i n e t . n e t w o r k l a y e r . c o n f i g u r a t o r . i p v 4 . I p v 4 N o d e C o n f i g u r a t o r ;
18

19 / / Simu5G
20 impor t simu5g . world . r a d i o . L t e C h a n n e l C o n t r o l ;
21 impor t simu5g . common . c a r r i e r A g g r e g a t i o n . C a r r i e r A g g r e g a t i o n ;
22 impor t simu5g . nodes . Upf ;
23 impor t simu5g . common . b i n d e r . B inder ;
24 impor t simu5g . nodes . NR . gNodeB ;
25 impor t simu5g . nodes . c a r s . Car ;
26 impor t simu5g . nodes . PgwStandard ;
27

28

29 network S c e n a r i o
30 {
31 @display ( " bgb = 2 0 3 9 . 8 3 7 9 , 1 4 3 9 . 4 4 ; b g i = background / t e r r a i n , s " ) ;
32 submodules :
33

34 manager : Ve ins Ine tManager {
35 @display ( " p = 1 3 3 2 . 1 5 5 , 2 6 3 . 8 0 7 5 " ) ;
36 }
37

38 node [ 0 ] : V e i n s I n e t C a r {
39 @display ( " p =531 , 287 " ) ;
40 }
41

42 r o u t i n g R e c o r d e r : R o u t i n g T a b l e R e c o r d e r {
43 @display ( " p = 1 3 3 2 . 1 5 5 , 1 6 0 . 3 2 5 0 1 ; i s = s " ) ;
44 }
45 c o n f i g u r a t o r : I p v 4 N e t w o r k C o n f i g u r a t o r {
46 @display ( " p = 1 3 3 2 . 1 5 5 , 3 7 1 . 6 6 2 5 " ) ;
47 c o n f i g = xmldoc ( " demo . xml " ) ;
48 }
49

50 / / # LTE modules
51 c h a n n e l C o n t r o l : L t e C h a n n e l C o n t r o l {
52 @display ( " p = 1 3 2 9 . 5 8 7 9 , 8 4 6 . 6 1 8 ; i s = s " ) ;
53 }
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54 b i n d e r : B inder {
55 @display ( " p = 1 3 3 9 . 0 5 8 , 9 6 0 . 2 5 7 9 3 ; i s = s " ) ;
56 }
57 c a r r i e r A g g r e g a t i o n : C a r r i e r A g g r e g a t i o n {
58 @display ( " p = 1 3 3 1 . 4 8 1 9 , 6 1 1 . 7 6 1 9 6 ; i s = s " ) ;
59 }
60 / / s e r v e r : S t andardHos t {
61 / / @disp lay ( " p = 9 9 0 . 5 6 1 9 5 , 1 3 6 . 3 6 8 ; i s =n ; i = d e v i c e / s e r v e r " ) ;
62 / / }
63 / / r o u t e r : Router {
64 / / @disp lay ( " p = 7 9 7 . 3 7 3 9 6 , 1 3 4 . 4 7 4 ; i = d e v i c e / s m a l l r o u t e r " ) ;
65 / / }
66 / / upf : Upf {
67 / / @disp lay ( " p = 7 8 7 . 9 0 4 , 4 4 3 . 1 9 5 9 8 ; i s = l " ) ;
68 / / }
69 / / pgw : PgwStandard {
70 / / @disp lay ( " p = 6 4 5 . 8 5 3 9 4 , 1 3 6 . 3 6 8 ; i s = l " ) ;
71 / / }
72 gNodeB1 : gNodeB {
73 @display ( " p = 6 8 1 . 8 3 9 9 7 , 3 2 0 . 0 8 6 ; i s = v l " ) ;
74 }
75 gNodeB2 : gNodeB {
76 @display ( " p = 7 9 . 5 4 8 , 7 5 . 7 5 9 9 9 5 ; i s = v l " ) ;
77 }
78

79 c o n n e c t i o n s a l l ow unc on nec ted :
80 / / s e r v e r . pppg++ <−−> Eth10G <−−> r o u t e r . pppg ++ ;
81 / / r o u t e r . pppg++ <−−> Eth10G <−−> pgw . f i l t e r G a t e ;
82 / / pgw . pppg++ <−−> Eth10G <−−> gNodeB1 . ppp ;
83 / / pgw . pppg++ <−−> Eth10G <−−> gNodeB1 . ppp ;
84

85 / / # X2 c o n n e c t i o n s
86 gNodeB1 . x2++ <−−> Eth10G <−−> gNodeB2 . x2 ++ ;
87 }

The commented parts are optional. If they are used, the gNodeB stations are connected to a
PGW/UPF (Packet data network gateway / User plane function).

The vehicle module has to be modi�ed too, to behave like a 5G UE. For this, the VeinsInetCar.ned
�le should look like this:

1 package t e s t . v e i n s _ i n e t ;
2

3 impor t i n e t . n e t w o r k l a y e r . c o n f i g u r a t o r . i p v 4 . H o s t A u t o C o n f i g u r a t o r ;
4 impor t i n e t . node . i n e t . AdhocHost ;
5

6 / / SIMU5G
7 impor t i n e t . a p p l i c a t i o n s . c o n t r a c t . IApp ;
8 impor t i n e t . m o b i l i t y . c o n t r a c t . I M o b i l i t y ;
9 impor t i n e t . n e t w o r k l a y e r . common . I n t e r f a c e T a b l e ;

10 impor t i n e t . n e t w o r k l a y e r . c o n t r a c t . I R o u t i n g T a b l e ;
11 impor t i n e t . n e t w o r k l a y e r . c o n t r a c t . INetworkLayer ;
12 impor t i n e t . t r a n s p o r t l a y e r . t c p . Tcp ;
13 impor t i n e t . t r a n s p o r t l a y e r . udp . Udp ;
14 impor t i n e t . common . M e s s a g e D i s p a t c h e r ;
15 impor t simu5g . nodes . Ue ;
16 impor t simu5g . nodes . NR . NRUe ;
17

43



18

19

20 impor t org . c a r 2 x . v e i n s . base . modules . ∗ ;
21

22 / /
23 / / W i r e l e s s − e n a b l e d Host AdhocHost i f 8 0 2 . 1 1 p and Ue i f 5G
24 / /
25 module V e i n s I n e t C a r e x t e n d s Ue
26 {
27 p a r a m e t e r s :
28

29 / / # M o b i l i t y
30 m o b i l i t y T y p e = d e f a u l t ( " V e i n s I n e t M o b i l i t y " ) ;
31

32 @display ( " i = d e v i c e / c e l l p h o n e ; bgb = 1 2 8 3 . 6 2 5 , 9 5 1 . 3 " ) ;
33 i p v 4 . c o n f i g u r a t o r . ne tworkConf igura torModu le = " . i p v 4 . r o u t i n g T a b l e " ;
34 / / # Network Layer s p e c s
35 ∗ . r o u t i n g T a b l e M o d u l e = d e f a u l t ( a b s P a t h ( " . i p v 4 . r o u t i n g T a b l e " ) ) ;
36 i p v 4 . c o n f i g u r a t o r . typename = " H o s t A u t o C o n f i g u r a t o r " ;
37 i p v 4 . c o n f i g u r a t o r . i n t e r f a c e s = " wlan " ;
38

39

40

41

42 submodules :
43 c o n f i g u r a t o r : H o s t A u t o C o n f i g u r a t o r {
44 @display ( " p = 1 2 6 . 4 , 4 1 3 . 9 6 " ) ;
45 }
46 }

The last required modi�cation is in the omnetpp.ini �le. For this, simply add the following:

1 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
2 # LTE s p e c i f i c p a r a m e t e r s #
3 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
4 #
5 ∗ . node [ ∗ ] . i p v 4 . c o n f i g u r a t o r . typename= " H o s t A u t o C o n f i g u r a t o r "
6

7 # LTE Radio S e t t i n g s
8 ∗ . c h a n n e l C o n t r o l . c a r r i e r F r e q u e n c y = 5 . 9 2 5 GHz
9 ∗ . c h a n n e l C o n t r o l . p ropaga t ionMode l = " TwoRayGroundModel "

10

11 # Number o f Resource B l o c k s
12 ∗ ∗ . numBands = 25
13

14 # T r a n s m i s s i o n Power
15 ∗ ∗ . ueTxPower = 26
16 ∗ ∗ . eNodeBTxPower = 46
17

18

19 # Enab le dynamic a s s o c i a t i o n o f UEs ( based on b e s t SINR )
20 ∗ . node [ ∗ ] . c e l l u l a r N i c . phy . d y n a m i c C e l l A s s o c i a t i o n = t r u e
21 ∗ ∗ . node [ ∗ ] . m a s t e r I d = 1 # u s e l e s s i f dynamic a s s o c i a t i o n i s d i s a b l e d
22 ∗ ∗ . node [ ∗ ] . m a c C e l l I d = 1 # u s e l e s s i f dynamic a s s o c i a t i o n i s d i s a b l e d
23

24 # eNodeB c o n f i g u r a t i o n
25 ∗ ∗ . gNodeB1 . m a c C e l l I d = 1
26 ∗ ∗ . gNodeB1 . macNodeId = 1
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27 ∗ ∗ . gNodeB2 . m a c C e l l I d = 2
28 ∗ ∗ . gNodeB2 . macNodeId = 2
29

30

31 # Enab le handover
32 ∗ . node [ ∗ ] . c e l l u l a r N i c . phy . enab leHandover = t r u e
33 ∗ . gNodeB ∗ . c e l l u l a r N i c . phy . enab leHandover = t r u e
34 ∗ . gNodeB ∗ . c e l l u l a r N i c . phy . handoverLa tency = 50ms
35 ∗ . gNodeB ∗ . c e l l I n f o . b r o a d c a s t M e s s a g e I n t e r v a l = 1 s # eNB w i l l s ends b r o a d c a s t

t r i g g e r s every second
36

37 # X2 and SCTP c o n f i g u r a t i o n
38 ∗ . eNodeB ∗ . numX2Apps = 1 # one x2App per p e e r i n g eNodeB
39 ∗ . eNodeB ∗ . x2App [ ∗ ] . s e r v e r . l o c a l P o r t = 5000 + a n c e s t o r I n d e x ( 1 ) # S e r v e r

p o r t s ( x2App [ 0 ] = 5 0 0 0 , x2App [ 1 ] = 5 0 0 1 , . . . )
40 ∗ . eNodeB1 . x2App [ 0 ] . c l i e n t . c o nn e c t Ad d r e s s = " eNodeB2%x2ppp0 "
41 ∗ . eNodeB2 . x2App [ 0 ] . c l i e n t . c o nn e c t Ad d r e s s = " eNodeB1%x2ppp0 "
42 ∗ ∗ . s c t p . n a g l e E n a b l e d = f a l s e # i f t rue , t r a n s m i s s i o n o f s m a l l

p a c k e t s w i l l be d e l a y e d on the X2
43 ∗ ∗ . s c t p . e n a b l e H e a r t b e a t s = f a l s e
44

45 # −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− #
46 # Conf ig " D2DMul t i cas t "
47 #
48 # In t h i s c o n f i g u r a t i o n , a t r a n s m i t t i n g c a r sends p e r i o d i c a l e r t messages

t o n e i g h b o r i n g v e h i c l e s
49 #
50 [ Conf ig D2DMul t i cas t ]
51

52 # ## Enab le D2D f o r the eNodeB and the UEs i n v o l v e d i n d i r e c t communicat ions
###

53 ∗ . gNodeB ∗ . n icType = " LteNicEnbD2D "
54 ∗ . node [ ∗ ] . n icType = " LteNicUeD2D "
55 ∗ . gNodeB ∗ . c e l l u l a r N i c . LtePdcpRrcType = " LtePdcpRrcEnbD2D "
56 ∗ ∗ . amcMode = "D2D"
57

58 # Channel model
59 ∗ . ∗ . c e l l u l a r N i c . LteChannelModelType = " L t e R e a l i s t i c C h a n n e l M o d e l "
60

61 # I n t e r f a c e t a b l e d i s p l a y
62 ∗ . gNodeB ∗ . i n t e r f a c e T a b l e . d i s p l a y A d d r e s s e s = t r u e
63 ∗ . node [ ∗ ] . i n t e r f a c e T a b l e . d i s p l a y A d d r e s s e s = t r u e
64 ∗ . node [ ∗ ] . c e l l u l a r N i c . d u a l C o n n e c t i v i t y E n a b l e d = t r u e
65 ∗ . node [ ∗ ] . pcapRecorder [ ∗ ] . p c a p F i l e = " f rames . pcap "
66 # ## S e l e c t CQI f o r D2D t r a n s m i s s i o n s ###
67 # One−to −Many communicat ions work with f i x e d CQI v a l u e s on ly .
68 # S e t the paramete r ∗ ∗ . u s e P r e c o n f i g u r e d T x P a r a m s and s e l e c t the d e s i r e d CQI

u s i n g the paramete r ∗ ∗ . d2dCqi
69 ∗ ∗ . enab leD2DCqiRepor t ing = t r u e
70 ∗ ∗ . u s e P r e c o n f i g u r e d T x P a r a m s = t r u e
71 ∗ ∗ . d2dCqi = $ { c q i = 7 }
72

73 # ## T r a f f i c c o n f i g u r a t i o n : one−to −many t r a f f i c between UEs ( c a r [ 0 ] −−> c a r [
x ] ) ###

74

75 # T r a n s m i t t e r
76 ∗ . node [ ∗ ] . numApps = 2
77 ∗ . node [ ∗ ] . app [ 0 ] . typename = " A l e r t S e n d e r "
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78 ∗ . node [ ∗ ] . app [ 0 ] . l o c a l P o r t = 3088+ a n c e s t o r I n d e x ( 0 )
79 ∗ . node [ ∗ ] . app [ 0 ] . s t a r t T i m e = uni form ( 0 s , 0 . 0 2 s )
80 ∗ . node [ ∗ ] . app [ 0 ] . d e s t A d d r e s s = " 2 2 4 . 0 . 0 . 1 0 " # IP a d d r e s s o f the

m u l t i c a s t group
81 ∗ . node [ ∗ ] . app [ 0 ] . d e s t P o r t = 1000
82

83 # R e c e i v e r s ( they must be long t o the above m u l t i c a s t group )
84 ∗ . node [ ∗ ] . app [ 1 ] . typename = " A l e r t R e c e i v e r "
85 ∗ . node [ ∗ ] . app [ 1 ] . l o c a l P o r t = 1000
86

87 # e n r o l l e d m u l t i c a s t groups must be s e t i n the H o s t A u t o C o n f i g u r a t o r (
i n s t e a d o f demo . xml ) , s e p e r a t e d by a s i n g l e s p a c e c h a r a c t e r

88 ∗ . node [ ∗ ] . c o n f i g u r a t o r . mcastGroups = " 2 2 4 . 0 . 0 . 1 0 "

With these settings, a D2D Multicasting communication is realized between vehicles by adding
them to a multicast IP group. This con�guration is using two applications. One is a message
sender and one is a receiver. These applications can be programmed by the user in the simu5g
project, under src/apps/alert by modifying AlertSender.cc and AlertReceiver.cc.

Figure 23: 5G Communication.

o When building projects, simu5g will have an error (because it can not access veins), but
this can be neglected.

12.2 Accessing TraCI commands with Simu5G
Simu5G works very easily with the custom made veins - inet project, however it does not pro-
vide an example of using the TraCI interface to interact with the SUMO simulation, which is an
essential requirement if a control application has to be tested with the detailed communication
simulation.

As it was already mentioned, the application layer is separated to a sender and a receiver
application under src/apps/alert. By default, it could be just modi�ed, but it could not access
the TraCI interface. That is because it has no access to the veins_inet project as a reference.
Unfortunately, adding it as a reference is not an option, as Omnet++ is not allowing any circular
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references between projects. This problem can be solved by creating two new Omnet++ mod-
ules in the custom veins_inet project. For this, copy the AlertSender and AlertReceiver source
and header �les to the custom project under tutorial/src/veins_inet/. Because this module is
already existing in the Simu5G project, it has to be modi�ed. Rename the copied �les to e.g.
VeinsInetAlertSender.cc, VeinsInetAlertSender.h, VeinsInetAlertReceiver.cc and VeinsInetAlertRe-
ceiver.h. In the same folder, the corresponding NED �les must be created. These NED �les are
basically a copy of the original modules, but with a di�erent path and name. The NEDs should
look like this: (VeinsInetAlertSender.ned)

1 package t u t o r i a l . v e i n s _ i n e t ;
2

3 impor t i n e t . a p p l i c a t i o n s . c o n t r a c t . IApp ;
4

5 s i m p l e V e i n s I n e t A l e r t S e n d e r l i k e IApp
6 {
7 p a r a m e t e r s :
8 i n t l o c a l P o r t = d e f a u l t ( −1 ) ;
9 i n t d e s t P o r t = d e f a u l t ( 3 0 0 0 ) ;

10 s t r i n g d e s t A d d r e s s ;
11 i n t p a c k e t S i z e = d e f a u l t ( 1 0 ) ;
12 v o l a t i l e doub le p e r i o d @unit ( " s " ) = d e f a u l t ( 0 . 0 2 s ) ;
13 doub le s t a r t T i m e @unit ( " s " ) = d e f a u l t ( 0 s ) ;
14 doub le s topTime @unit ( " s " ) = d e f a u l t ( 0 s ) ; / / 0 means " never s t o p s "
15 s t r i n g i n t e r f a c e T a b l e M o d u l e ;
16 s t r i n g m u l t i c a s t I n t e r f a c e = d e f a u l t ( " wlan " ) ; / / i f not empty , s e t

the m u l t i c a s t o u t p u t i n t e r f a c e o p t i o n on the s o c k e t ( i n t e r f a c e
name e x p e c t e d )

17 i n t t o s = d e f a u l t ( −1 ) ; / / i f not −1 , s e t the Type Of S e r v i c e ( IPv4 )
/ T r a f f i c C l a s s ( IPv6 ) f i e l d o f s e n t p a c k e t s t o t h i s v a l u e

18

19 @signal [ a l e r t S e n t M s g ] ;
20 @ s t a t i s t i c [ a l e r t S e n t M s g ] ( t i t l e = " A l e r t messages s e n t " ; u n i t = " " ;

s o u r c e = " a l e r t S e n t M s g " ; r e c o r d =sum , v e c t o r ) ;
21

22 @display ( " i = b l o c k / s o u r c e " ) ;
23 g a t e s :
24 o u t p u t s oc ke t Ou t ;
25 i n p u t s o c k e t I n ;
26 }

(VeinsInetAlertReceiver.ned)
1 package t u t o r i a l . v e i n s _ i n e t ;
2

3 impor t i n e t . a p p l i c a t i o n s . c o n t r a c t . IApp ;
4

5 s i m p l e V e i n s I n e t A l e r t R e c e i v e r l i k e IApp
6 {
7 p a r a m e t e r s :
8 i n t l o c a l P o r t = d e f a u l t ( 3 0 0 0 ) ;
9 s t r i n g i n t e r f a c e T a b l e M o d u l e ;

10 s t r i n g m u l t i c a s t I n t e r f a c e = d e f a u l t ( " wlan " ) ; / / i f not empty , s e t
the m u l t i c a s t o u t p u t i n t e r f a c e o p t i o n on the s o c k e t ( i n t e r f a c e
name e x p e c t e d )

11 @signal [ a l e r t D e l a y ] ;
12 @ s t a t i s t i c [ a l e r t D e l a y ] ( t i t l e = " A l e r t Message Delay " ; u n i t = " s " ;

s o u r c e = " a l e r t D e l a y " ; r e c o r d =mean , v e c t o r ) ;
13 @signal [ a l e r tRcvdMsg ] ;
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14 @ s t a t i s t i c [ a l e r tRcvdMsg ] ( t i t l e = " A l e r t Messages R e c e i v e d " ; u n i t = " s " ;
s o u r c e = " a l e r tRcvdMsg " ; r e c o r d =sum , v e c t o r ) ;

15 @display ( " i = b l o c k / s o u r c e " ) ;
16 g a t e s :
17 o u t p u t s oc ke t Ou t ;
18 i n p u t s o c k e t I n ;
19 }

o It is important, to name the ned �les the same as the source �les were named!

Now, as a new module inside the custom project, it is possible to access the TraCI and mobility
interfaces. For this, the VeinsInetAlertSender and VeinsInetAlertReceiver sources and headers
have to be modi�ed as the following.

VeinsInetAlertSender.cc:

1 # i n c l u d e <cmath >
2 # i n c l u d e < i n e t / common / ModuleAccess . h>
3 # i n c l u d e < i n e t / common / TimeTag_m . h>
4

5 # i n c l u d e " V e i n s I n e t A l e r t S e n d e r . h "
6

7 # i n c l u d e " v e i n s _ i n e t \ V e i n s I n e t A p p l i c a t i o n B a s e . h "
8 / / CAM S t r u c t u r e
9 # i n c l u d e " b u i l d / s o u r c e s /CAM. h "

10 / / Math
11 # i n c l u d e <math . h>
12 / / Time f u n c t i o n d e p e n d e n c i e s
13 # i n c l u d e <chrono >
14 # i n c l u d e " d a t e . h "
15 # i n c l u d e < c s t d i n t >
16

17 # d e f i n e round ( x ) f l o o r ( ( x ) + 0 . 5 )
18

19 Def ine_Module ( V e i n s I n e t A l e r t S e n d e r ) ;
20 u s i n g namespace i n e t ;
21 u s i n g namespace v e i n s ;
22

23 V e i n s I n e t A l e r t S e n d e r : : V e i n s I n e t A l e r t S e n d e r ( )
24 {
25 s e l f S e n d e r _ = n u l l p t r ;
26 nextSno_ = 0 ;
27 }
28

29 V e i n s I n e t A l e r t S e n d e r : : ~ V e i n s I n e t A l e r t S e n d e r ( )
30 {
31 c a n c e l A n d D e l e t e ( s e l f S e n d e r _ ) ;
32 }
33

34 vo id V e i n s I n e t A l e r t S e n d e r : : i n i t i a l i z e ( i n t s t a g e )
35 {
36 m o b i l i t y = v e i n s : : V e i n s I n e t M o b i l i t y A c c e s s ( ) . g e t ( ge tParen tModu le ( ) ) ; / /

Access t o the m o b i l i t y module .
37 t r a c i V e h i c l e = m o b i l i t y −> g e t V e h i c l e C o m m a n d I n t e r f a c e ( ) ; / / Access t o the

p a r e n t node ’ s TraCI i n t e r f a c e .
38 EV << " A l e r t S e n d e r : : i n i t i a l i z e − s t a g e " << s t a g e << e n d l ;
39

40 cSimpleModule : : i n i t i a l i z e ( s t a g e ) ;
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41

42 / / a v o i d m u l t i p l e i n i t i a l i z a t i o n s
43 i f ( s t a g e != i n e t : : INITSTAGE_APPLICATION_LAYER )
44 r e t u r n ;
45

46 s e l f S e n d e r _ = new cMessage ( " s e l f S e n d e r " ) ;
47

48 s i z e _ = par ( " p a c k e t S i z e " ) ;
49 l o c a l P o r t _ = par ( " l o c a l P o r t " ) ;
50 d e s t P o r t _ = par ( " d e s t P o r t " ) ;
51 d e s t A d d r e s s _ = i n e t : : L 3 A d d r e s s R e s o l v e r ( ) . r e s o l v e ( par ( " d e s t A d d r e s s " ) .

s t r i n g V a l u e ( ) ) ;
52

53 s o c k e t . s e t O u t p u t G a t e ( g a t e ( " s oc ke t Ou t " ) ) ;
54 s o c k e t . b ind ( l o c a l P o r t _ ) ;
55

56 i n t t o s = par ( " t o s " ) ;
57 i f ( t o s != −1)
58 s o c k e t . s e t T o s ( t o s ) ;
59

60 / / f o r m u l t i c a s t s u p p o r t
61 i n e t : : I I n t e r f a c e T a b l e ∗ i f t = i n e t : : getModuleFromPar < i n e t : :

I I n t e r f a c e T a b l e >( par ( " i n t e r f a c e T a b l e M o d u l e " ) , t h i s ) ;
62 i n e t : : M u l t i c a s t G r o u p L i s t mgl = i f t −> c o l l e c t M u l t i c a s t G r o u p s ( ) ;
63 s o c k e t . j o i n L o c a l M u l t i c a s t G r o u p s ( mgl ) ;
64

65 / / i f the m u l t i c a s t I n t e r f a c e paramete r i s not empty , s e t the i n t e r f a c e
e x p l i c i t l y

66 c o n s t char ∗ m u l t i c a s t I n t e r f a c e = par ( " m u l t i c a s t I n t e r f a c e " ) ;
67 i f ( m u l t i c a s t I n t e r f a c e [ 0 ] ) {
68 I n t e r f a c e E n t r y ∗ i e = i f t −> f i n d I n t e r f a c e B y N a m e ( m u l t i c a s t I n t e r f a c e ) ;
69 i f ( ! i e )
70 throw cRunt imeError ( " Wrong m u l t i c a s t I n t e r f a c e s e t t i n g : no

i n t e r f a c e named \ " % s \ " " , m u l t i c a s t I n t e r f a c e ) ;
71 s o c k e t . s e t M u l t i c a s t O u t p u t I n t e r f a c e ( i e −> g e t I n t e r f a c e I d ( ) ) ;
72 }
73

74 / / −−−−−−−−−−−−−−−−−−−− / /
75

76 a l e r t S e n t M s g _ = r e g i s t e r S i g n a l ( " a l e r t S e n t M s g " ) ;
77

78 EV << " A l e r t S e n d e r : : i n i t i a l i z e − b i n d i n g t o p o r t : l o c a l : " << l o c a l P o r t _
<< " , d e s t : " << d e s t P o r t _ << e n d l ;

79

80 / / c a l c u l a t i n g t r a f f i c s t a r t i n g t ime
81 s i m t i m e _ t s t a r t T i m e = par ( " s t a r t T i m e " ) ;
82 s topTime_ = par ( " s topTime " ) ;
83

84 / / TODO maybe un− n e c e s e s s a r y
85 / / t h i s c o n v e r s i o n i s made i n o r d e r t o o b t a i n ms− a l i g n e d s t a r t t ime ,

even i n c a s e o f random g e n e r a t e d ones
86 s i m t i m e _ t o f f s e t = ( round ( SIMTIME_DBL ( s t a r t T i m e ) ∗ 1 0 0 0 ) / 1 0 0 0 ) +simTime ( ) ;
87

88 s c h e d u l e A t ( o f f s e t , s e l f S e n d e r _ ) ;
89 EV << " \ t s t a r t i n g t r a f f i c i n " << o f f s e t << " seconds " << e n d l ;
90 }
91

92 vo id V e i n s I n e t A l e r t S e n d e r : : handleMessage ( cMessage ∗msg )
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93 {
94 i f ( msg−> i s S e l f M e s s a g e ( ) )
95 {
96 i f ( ! s t rcmp ( msg−>getName ( ) , " s e l f S e n d e r " ) )
97 s e n d A l e r t P a c k e t ( ) ;
98 e l s e
99 throw cRunt imeError ( " A l e r t S e n d e r : : handleMessage − Unrecogn ized

s e l f message " ) ;
100 }
101 }
102

103 vo id V e i n s I n e t A l e r t S e n d e r : : s e n d A l e r t P a c k e t ( )
104 {
105

106 / / The s e n d e r a p p l i c a t i o n comes here . . .
107 a l e r t −> s e t S n o ( nextSno_ ) ;
108 a l e r t −> se tPay loadT imes tamp ( simTime ( ) ) ;
109 a l e r t −> setChunkLength ( B ( s i z e _ ) ) ;
110 a l e r t −>addTag < Creat ionTimeTag > ( ) −> s e t C r e a t i o n T i m e ( simTime ( ) ) ;
111

112 packet −> i n s e r t A t B a c k ( a l e r t ) ;
113

114 EV << " A l e r t S e n d e r : : s e n d A l e r t P a c k e t − Sending message [ " << nextSno_ <<
" ] \ n " ;

115

116 s o c k e t . sendTo ( packet , de s tAddres s_ , d e s t P o r t _ ) ;
117 nextSno_ ++ ;
118

119 emi t ( a l e r t S e n t M s g _ , ( long ) 1 ) ;
120

121 s i m t i m e _ t d = simTime ( ) + par ( " p e r i o d " ) ;
122 i f ( s topTime_ <= SIMTIME_ZERO | | d < stopTime_ ) {
123 s c h e d u l e A t ( d , s e l f S e n d e r _ ) ;
124 }
125 e l s e
126 EV << " A l e r t S e n d e r : : s e n d A l e r t P a c k e t − Stop t ime reached , s t o p p i n g

t r a n s m i s s i o n s " << e n d l ;
127 }
128

129 vo id V e i n s I n e t A l e r t S e n d e r : : r e f r e s h D i s p l a y ( ) c o n s t
130 {
131 char buf [ 8 0 ] ;
132 s p r i n t f ( buf , " s e n t : %d pks " , nextSno_ ) ;
133 g e t D i s p l a y S t r i n g ( ) . se tTagArg ( " t " , 0 , bu f ) ;
134 }

VeinsInetAlertSender.h:

1 # pragma once
2

3 # i n c l u d e < s t r i n g . h>
4 # i n c l u d e <omnetpp . h>
5 # i n c l u d e < i n e t / t r a n s p o r t l a y e r / c o n t r a c t / udp / UdpSocket . h>
6 # i n c l u d e < i n e t / n e t w o r k l a y e r / common / L3Address . h>
7 # i n c l u d e < i n e t / n e t w o r k l a y e r / common / L 3 A d d r e s s R e s o l v e r . h>
8 # i n c l u d e " A le r tPacke t_m . h "
9

10 / / E x t e n s i o n f o r CAM
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11 # i n c l u d e " v e i n s _ i n e t / V e i n s I n e t M o b i l i t y . h "
12 # i n c l u d e " v e i n s / modules / m o b i l i t y / t r a c i / TraCIScenar ioManager . h "
13 # i n c l u d e " v e i n s / modules / m o b i l i t y / t r a c i / TraCICommandInter face . h "
14 # i n c l u d e " b u i l d \ s o u r c e s \ T imes tampI t s . h "
15

16 c l a s s V e i n s I n e t A l e r t S e n d e r : p u b l i c omnetpp : : cS impleModule
17 {
18 i n e t : : UdpSocket s o c k e t ;
19

20 / / s e n d e r
21 i n t nextSno_ ;
22 i n t s i z e _ ;
23

24 omnetpp : : s i m t i m e _ t s topTime_ ;
25

26 omnetpp : : s i m s i g n a l _ t a l e r t S e n t M s g _ ;
27 / / −−−−−−−−−−−−−−−−−−−−−−−−−−−−
28

29 omnetpp : : cMessage ∗ s e l f S e n d e r _ ;
30

31 i n t l o c a l P o r t _ ;
32 i n t d e s t P o r t _ ;
33 i n e t : : L3Address d e s t A d d r e s s _ ;
34

35 vo id s e n d A l e r t P a c k e t ( ) ;
36

37 p u b l i c :
38 ~ V e i n s I n e t A l e r t S e n d e r ( ) ;
39 V e i n s I n e t A l e r t S e n d e r ( ) ;
40 v e i n s : : TraCIScenar ioManager ∗ manager = v e i n s : :

T raCIScenar ioManagerAcces s ( ) . g e t ( ) ;
41 v e i n s : : TraCICommandInter face ∗ t r a c i = manager −> getCommandInter face ( )

;
42 v e i n s : : V e i n s I n e t M o b i l i t y ∗ m o b i l i t y ;
43 v e i n s : : TraCICommandInter face : : V e h i c l e ∗ t r a c i V e h i c l e ;
44

45 p r o t e c t e d :
46 v i r t u a l i n t n u m I n i t S t a g e s ( ) c o n s t o v e r r i d e { r e t u r n i n e t : :

NUM_INIT_STAGES ; }
47 vo id i n i t i a l i z e ( i n t s t a g e ) o v e r r i d e ;
48 vo id handleMessage ( omnetpp : : cMessage ∗msg ) o v e r r i d e ;
49

50 / / u t i l i t y : show c u r r e n t s t a t i s t i c s above the i c o n
51 v i r t u a l vo id r e f r e s h D i s p l a y ( ) c o n s t o v e r r i d e ;
52 } ;

By including CAM.h, the CAM structure can be used just as like in the original 802.11p
simulation. The same modi�cations has to be done in the VeinsInetAlertReceiver �les (includes,
de�ne_module name and class name changes).

With the Simu5G application layer, message scheduling is di�erent. Instead of using send-
Packet(std::move(packet)); function, provided by the VeinsInetApplicationBase and timed by a
lambda function, it uses a selfMessage for message timing.
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