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1 INTRODUCTION 

The hardware MicroAutoBox II, 1401/1513/1514 with the Embedded PC 

with Intel Core i7-3517UE or Embedded PC with Intel® Atom™ N270, is specified 

in section 2. 

The steps to simulate calibrate parameters and watch the results of an 

automotive system using the MATLAB2015b and the DSpace tools (ModelDesk 

4.2 and MotionDesk 3.7) are specified in section 3 

The Integration of the Linear Image Processing in the Vector CANape is 

specified in section 4. 

 

2 ECU HARDWARE 

 
Figure 1: Embedded PC variants 
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Figure 2: Block diagram embedded PC with Intel® Core™ i7-3517UE 

 
Figure 3: Block diagram embedded PC with Intel® Atom™ N270  

 
Figure 4: Parameters specification 
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Figure 5: MicroautoBox order numbers 

 
Figure 6: General specification 
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Figure 7: Software order numbers 

 
Figure 8: Hardware order numbers 

 
Figure 9: Embedded PC order numbers 
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3 ASM – MODELDESK AND MOTIONDESK 

3.1 ASM 

The ASM (Automotive Simulation Models) consists of libraries that 

contain blocks with functions of the vehicle (Figure 10).  

 
Figure 10: A: ASM libraries; B: blocks of the libraries 

The blocks can be structured in modular systems in Simulink according 

to with the simulation that desires. All the signals in the model are dependents, 

and the blocks are interconnected.  

 

3.2 MODELDESK4.2 

The ModelDesk is the setting configurations and/or parameters of the 

ASM blocks, and the graphically objects in the MotionDesk. With a graphical 

interface allows the calibration without the searching signals in buses (Figure 14). 

 

3.3 MOTIONDESK3.7 

The MotionDesk represent graphically any data routed from Simulink, in 

this specific case the output signals of the ASM blocks. The treated data from 

Simulink will represent the movements of the movable objects.  



9 

 

 

 

The static objects need be placed and positioned manually or by setting 

on ModelDesk. 

 

3.4 PROCESS FLOWCHART 

The workflow of the DSpace's software is described in Figure 02. 

 
Figure 11: General workflow 

Processes: 

MATLAB2015b: the steps of this stage are showed in Figure 12. 

 
Figure 12: MATLAB2015b workflow 

The change of directory of MATLAB and the command “go” in Command 

Window is showed in Figure 13. 
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Figure 13: Current folder and command execution 

For the default vehicle modulated, in MATLAB R2015b access the 

following directory: C:\Program Files\dSPACE RCPHIL 2015-B\Demos\ASM. 

The Simulink model of standard example is shown in Figure 14.  

 

 
Figure 14: A: MDL subsystem; B: General Simulink model 

ModelDesk4.2: the steps of this stage are showed in Figure 15. 
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Figure 15: ModelDesk4.2 workflow 

The projects and experiments of ModelDesk are shown in Figure 16. 

 

 
Figure 16: ModelDesk’s project 

The interface of ModelDesk to change all the parameters in the model 

with an interface that illustrate the area of the parameters affect is showed in 

Figure 17. 
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Figure 17: Parameter’s calibration 

MotionDesk3.7: the steps of this stage are showed in Figure 18. 
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Figure 18: MotionDesk3.7 workflow 

The projects and experiments of MotionDesk are shown in Figure 19. 

 
Figure 19: MotionDesk’s project 

The process of synchronizing the software in the ModelDesk clicking the 

bottom “synchronize” and “complete” is showed in Figure 20. 
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Figure 20: Synchronize step 

After the synchronization, the parameters settled in the ModelDesk will 

show in the MotionDesk (Figure 21) and be set in Simulink model.  

 

 
Figure 21: MotionDesk interface  

After these steps the simulation can be started in the model of Simulink, 

the parameters can be modified in ModelDesk (consecutively with 

synchronization), and the results of the simulation can be watched in the 

MotionDesk during the simulation. 

 

3.5 LANE SENSOR SIMULATION 

In Simulink library, ASM is available blocks of sensors, predefined or 

customs sensors. These blocks in Simulink model are recognized in ModelDesk, 

and there’s the possibility the calibrate them.  

In the simulation, if the lane sensor is active, the sensor has 48 output 

signals (Table 01).  
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Table 01 – Lane sensor - output signals 

Lane sensor - output signals 

Network_Item_Type[] LaneWidth_Right3[m] 

Network_Item_Id[] LaneWidth_Right4[m] 

Curvature[1|m] MarkerWidth_Left4[m] 

Distance_Left[m] MarkerWidth_Left3[m] 

LineWidth_Left[m] MarkerWidth_Left2[m] 

LineType_Left[] MarkerWidth_Left1[m] 

YawAngle_Left[deg] MarkerWidth_Left0[m] 

Distance_Right[m] MarkerWidth_Right0[m] 

LineWidth_Right[m] MarkerWidth_Right1[m] 

LineType_Right[] MarkerWidth_Right2[m] 

YawAngle_Right[deg] MarkerWidth_Right3[m] 

xPos_Left[m] MarkerWidth_Right4[m] 

yPos_Left[m] MarkerType_Left4[] 

zPos_Left[m] MarkerType_Left3[] 

xPos_Right[m] MarkerType_Left2[] 

yPos_Right[m] MarkerType_Left1[] 

zPos_Right[m] MarkerType_Left0[] 

LaneWidth_Left4[m] MarkerType_Right0[] 

LaneWidth_Left3[m] MarkerType_Right1[] 

LaneWidth_Left2[m] MarkerType_Right2[] 

LaneWidth_Left1[m] MarkerType_Right3[] 

LaneWidth_0[m] MarkerType_Right4[] 

LaneWidth_Right1[m] YawAngle_Left_RelVehicle[deg] 

LaneWidth_Right2[m] YawAngle_Right_RelVehicle[deg] 

 

The values of the signals listed in Table 01 are dependents directly with 

the scenario that was set in MotionDesk. The use of these signals in the model 

is large and according to the user’s desire that is simulation/modeling in Simulink. 
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4 INTEGRATION OF THE LINEAR IMAGE PROCESSING IN THE VECTOR 
CANAPE 

The Linear algorithm is utilized to detect road lanes in a video frame. The 

document Linear Algorithm V1.0.3 [1] gives more details about methods and 

strategies for this algorithm but, in this one, it will explain how to do the correct 

algorithm importation to CANape. In Figure 22 it is shown the model in a simplified 

block diagram. 

 

 
Figure 22: Block Diagram 

4.1 CANAPE AND SIMULINK INTEGRATION 

To turns possible the compatibility between Vector CANape and 

Mathworks MATLAB / Simulink, the first provides a package called Vector 

MATLAB/Simulink MC Add-on 13.0.10 which contains all the necessary 

toolboxes and targets to help on this integration. 

To open the Simulink in MATLAB, go to the HOME toolbar and press the 

button called “Simulink Library.” Therefore, the Simulink library browser will 

appear and then it is possible to create a new model and configure it following 

the steps are shown in Figure 23. 

 
Figure 23: Steps to change the Simulink Model Configuration 
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The compiler is configured on Simulink using the fixed-step as 1/30, 

which corresponds to the inverse frame rate of the input video (30fps) and an 

auto-solver. The model will run for each frame and will process all the necessary 

information to show the coordinates for locating the lanes in a multimedia window 

in CANape, showing where the lanes are in it. Figure 24 presents the solver 

configuration window. 

 

 
Figure 24: Simulink Solver Configuration 

The integration package provides a target called “cnp.tlc.” It will utilize 

with the C++ language to provide all the directives to integrate the generated files 

with the CANape environment. In Figure 25, it is shown the configuration needed 

in “Code Generation” tab. 

 

 
Figure 25: Code Generation tab configuration 
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After this configuration, a new tab called “CANape Code Generation 

options” will appear. Going on this tab, it is configured all files which will be 

generated in addition to the DLL. Here, it is used the standard configuration, 

changing only the “Output Directory,” as it can be seen in Figure 26. 

 
Figure 26: CANape Code Generation Options tab 

To avoid some errors due too extensive directories or DLL writing error, 

it is preferred to use small directories with less than 32 characters, without spaces 

or special characters. In MATLAB, the working folder needs to be changed to the 

same, using the command cd(‘...’), because of the compilation and the project 

files, like the Simulink / Stateflow diagrams metafiles (.emf) utilized to show the 

diagrams inside the CANape Workspace, will save together with the DLL file. This 

step ends the Simulink configuration and must be done for all models. 

 

4.2 ADAPTATION OF THE ALGORITHM PARAMETERS TO CALIBRATE 
THEM IN CANAPE AND HOW TO EXPORT. 

To turn possible visualization and calibration of the parameters, some 

tasks are needed. The calibration will be done using only the CANape software, 

so the definition of a communication protocol is important.  

All the parameters related to the algorithm will be configured to do the 

calibration inside the CANape software. To do this procedure, it is needed to 

configure all the parameters on MATLAB workspace. Every variable needs to be 
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configured separately because they have different start, minimum and maximum 

value and units. 

The first step to define the parameter was to declare it on MATLAB 

workspace using the command variable = ASAP2.Parameter. A new variable will 

appear in the workspace.  

After the declaration of the variable, its properties were changed. For 

row_index, for example, the configuration proceeded according to the Figure 27. 

 
Figure 27: row_index Configuration 

The most important configuration on this screen is the Storage Class. To 

export the variable correctly as a parameter, this setting needs to be changed to 

“ExportedGlobal,” because it will enable the communication and the calibration 

inside the CANape workspace. To automate this procedure, it was developed a 

script on MATLAB like shows the code in Appendix A, which is ran, before the 

DLL export, via MATLAB script by clicking the highlighted button in Figure 28 or 

pressing F5. 
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Figure 28: MATLAB Script Editor 

To import all the calibration variables in Simulink, it is used constant 

blocks connected to MATLAB function blocks, which parameters are set as input 

on them as shown the Figure 29. 

 
Figure 29: Parameters Importing 
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The input and output variables are easiest to export. It only connects 

them on the algorithm and set their dimensions. In this case, there is one input 

(Video) and two outputs (Lane Departure Warning and Coordinates). 

To establish the input of the algorithm, it was used the “IP Input” Simulink 

block provided by the integration package on the library Image Processing in 

CANape Target. The input was set to 480 (height), and 640 (width) and its name 

was defined as “c920”. Figure 30 shows this configuration. 

 

 
Figure 30: Input Block Configuration 

After the input, LDW and Coordinates will be configured. The Lane 

Departure Warning is a one-dimensional variable, but the Coord (Coordinates) is 

a matrix 2x4 containing the x and y coordinates to place the detected lanes after 

in a multimedia window in CANape. Figure 31 shows its configurations. 
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Figure 31: Configuration of the algorithm outputs 

To export the DLL, in Simulink, go to “Build model” clicking on the icon 

. Now, the “Diagnostic Viewer Screen” will appear, which is possible seeing 

all details, errors and warnings occurred during the build process. 

 

4.3 GENERATED FILES AFTER THE EXPORTING PROCESS 

In the MATLAB working directory set before, three new folders and, 

besides to the DLL, two new interesting files with the extensions A2l and PDB 

have appeared. 

Inside the folder model_name_cnp_model, there are some metafiles 

(.emf) containing the graphics model details. These files can be opened on 

Microsoft Paint to do a simple visualization. They consist in the detailed diagram 

of the algorithm, and they will be utilized after during the import process on 

CANape. 

The folder model_name_cnp_rtw contains all the temporary files utilized 

by the compiler during the export process. Some of these files appear to the 

“Diagnostic Viewer” while the export has been executed. The slprj is used only 

for temporary compiler files too. 
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There are two files generated together with the DLL. The model_name.lib 

and model_name.exp are generated by the debugger of the MATLAB. They are 

not important to the import process, but they have to stay in the same folder of 

the DLL file. Therefore, it remained three more files: model_name.dll, 

model_name.a2l and model_name.pdb. 

The model_name.dll contains the complete model. Inside it, there is all 

the logic of the algorithm utilized in Simulink / MATLAB in a language which 

CANape can translate. In summary, this file is responsible for the reading of the 

algorithm inside the CANape. 

The model_name.a2l and model_name.pdb are utilized only when the 

DLL is imported as a Calibration Device. The first one is a database that contains 

all of the parameters mapped on the DLL file, while the second is the file 

generated by the compiler that map the DLL, showing the directives to the A2L 

file locates the parameters inside the DLL. 

 

4.4 HOW TO IMPORT THE DLL IN CANAPE 

There are two possibilities of importing an algorithm: only the model 

without any calibration interface (.DLL) or using all files and import the model as 

a calibration device (.DLL, .PDB and .A2L). 

The first step was to define what variables would be utilized. In this case, 

there are three variables called “c920”, which is a multimedia signal, 

“ldw_warning,” which is the signal that provides the LDW information and “coord,” 

which contains all the coordinates of the lanes to plot it in a multimedia window.  

In CANape, it is created a multimedia device and imported to it a random 

video recorded during the trips. The utilized device is the “Camera or multimedia 

file,” which is configured as shows the Figure 32. 
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Figure 32: "c920" Multimedia device configuration 

With the multimedia signal already configured, it was needed to configure 

the variables. To do this, it was created two global variables following the steps 

in the document Creating CANape CASL functions and Variables [2] with the 

same name defined on Simulink: coord (2x4) and ldw_warning (1x1) as the 

shows Figure 33. 

 
Figure 33: Variables Configuration 
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After these steps, CANape is ready to the algorithm importation. Go to 

the Measurement Configuration by the menu Measurement or pressing F4 and 

import the algorithm selecting the generated DLL and assigning the created 

variables to it as the Figure 34 shows. 

 
Figure 34: Model configuration window 

The model is available to measurement without calibration. In the 

CANape measurement list, it is possible to see the model, so a drag-and-drop of 

it to the CANape workspace turns possible the measurement of this in a Model 

window. 

To import the model graphics to the workspace, right-click on it and select 

a Model Explorer window. It is asked for a .ini file, then select the respective 

configuration file in the model_name_cnp_model folder. Figure 35 shows the 

imported algorithm in a detailed way. 



26 

 

 

 

 
Figure 35: Model Explorer Window 

After these procedures, the calibration device can be added. This device 

will show all the calibration parameters defined previously in the MATLAB 

workspace as ASAP2 parameters. 

It is necessary to create a device type “Simulink DLL,” and the name 

given to it was “Calibration.” In the following screen, it was selected the model 

already imported, and then, the screen in the Figure 36Erro! Fonte de referência 

não encontrada. will appears. 
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Figure 36: A2L database configuration 

Here, it is needed to select the A2L database file. In this way, it is 

necessary to choose where the path of the DLL file built before are and then, 

select the A2L file.  

In the next screen, select the model that the database is related and then, 

on the following screen, it is necessary to insert the MAP file as shows the Figure 

37. 

 
Figure 37: MAP file selection window 

Select MAP file predetermined and click on New to add the generated 

PDB file as shown the Figure 38. In the CANape help file, when the Windows 
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SDK v7.1 compiler is utilized, it is recommended to use the Microsoft VC8 Debug 

file (pdb) as Format of the MAP file. 

 
Figure 38: MAP file definition 

After the selection of the MAP file, the device is available to use. Using a 

Calibration Window, all the parameters can be dragged-and-dropped to it from 

the device Calibration created before, as shown the Figure 39. 

 
Figure 39: Calibration Variables 

To see the algorithm outputs, a Map and a Data window can be utilized 

as shown the Figure 40. 

 
Figure 40: LDW Outputs 
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4.5 HOW TO SHOW VISUALLY THE OUTPUT OF THE ALGORITHM  

The outputs generated by the algorithm are seen only in a coordinate 

matrix, so it is important to see the results in the Multimedia Window, on the video, 

to understand the algorithm outputs. The matrix coord contains all the coordinates 

to plot the lines, which represent the lanes, in the video as shown the Figure 41 

in red. 

 
Figure 41: The real output from the algorithm 

The matrix coord provides the coordinates for plotting the lanes on the 

video in the following order: 

[
𝑥01 𝑦01 𝑥02 𝑦02
𝑥11 𝑦11 𝑥12 𝑦12

] 

which the first row shows the points of the right lane and the second 

shows the coordinates for the left lane. All these coordinates are shown in pixels; 

the first number shows the lane: 0 for right and 1 for left; and the second number 

shows the point: 1 for the base coordinate and 2 for the horizon coordinate. 

To show the output in the Multimedia window, it was necessary to create 

objects using the Vector GFX editor. 

In the multimedia window, some properties can be utilized to show the 

lanes in the video screen. In Multimedia Window | Configuration | Multimedia | 

Graphic Objects | Edit… it is possible to open the GFX editor and add the lanes 

on the screen. The Figure 42 show the GFX editor main interface. 
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Figure 42: GFX Editor Main interface 

To show the lines on the screen, it is necessary to add each line as an 

object. All line objects need two coordinates to be shown properly in the window, 

and the matrix coords provide these coordinates. 

Following the matrix order showed before, both lines can be added using 

the coordinates. In GFX Editor, the Sources tab shows what device is utilized as 

a reference for the objects, as shown the Figure 43. In this case, it was used the 

device Environment as a source, which was named as Points. 

 
Figure 43: Sources selection 
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Therefore, it is necessary to create a global variable called CoordsPoints 

and link it to the algorithm coords output. 

In this case for the left lane points, it was used the second row of the 

matrix to determine the points shown on the image. In the GFX editor, it is 

necessary to create two line objects, and on them, the points CoordPoints:[1][0] 

and CoordPoints:[1][1] were utilized on the X1 and Y1 positions and 

CoordPoints:[1][2]  and CoordPoints:[1][3] on the X2 and Y2 positions. Therefore, 

the left lane configuration needs to stay according to the Figure 44. 

 
Figure 44: Left lane position configuration 

In Figure 45, it can be seen the right lane configuration, following the 

same procedure of the left lane. 

 
Figure 45: Right lane configuration 

For the LDW, it was done a CASL code to work with text in the GFX 

editor. To do it, three figures were made to represent for what direction the car is 

leaving the lane and whether an error occurs in the algorithm, as the Figure 46 

shows. 
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Figure 46: LDW Representation 

In the GFX editor, it was created three bitmap objects and for each one 

was attributed one of the images shown before. In the Function Editor, it was 

created one function that runs during the measurement on each 10ms, shown in 

the Appendix B. This function and the global variables were made following the 

steps in the document Creating CANape CASL Functions and Variables [2]. 

In this function, the LDW_signal provides the direction of the departure. 

When the LDW_signal gives 1. As a result, there is a left departure; 2 shows a 

normal situation, and 3 there is a right departure. In the GFX Editor, it can be 

worked with the transparency of bitmaps, and this was utilized in this situation. 

When the LDW_signal provides 1 as output, a global variable called LD 

is set to 0, representing that the bitmap “Left Departure” is visible with no 

transparency. The same situation occurs when the output is 3, which another 

global variable called RD is set to 0 and the bitmap “Right Departure” is enabled. 

When the output is 2, RD and LD are set to 100, with the maximum transparency 

that hides both bitmaps. In Figure 47 and Figure 48, it is shown the configuration 

of the bitmap “Left Departure” and “Right Departure” respectively. 

 
Figure 47: Configuration of the left departure 
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Figure 48: Configuration of the right departure 

For both configurations, the LD and RD global variables were set as a 

reference of transparency. Then, these bitmaps are shown according to the 

LDW_signal provided by the algorithm. 

To complement the output, it is necessary to create a message informing 

a lane detection error and a variable called Lane_Det_Error. This feature is added 

following the same procedure of the left and right departure, but the implemented 

function to do it, Verify_Points, was in Appendix C and it was configured to run 

each 50ms defined empirically for the Linear Image Processing Algorithm 

The final version of the project in CANape is shown in Figure 49. 

 
Figure 49: Final version of the CANape configuration 
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4.6 INSTALLING THE COMPILER 

At first, uninstall all Microsoft Visual C++ Redistributables (x64 and xx86) 

from your machine. It is recommended to uninstall all versions, from 2005 to 

2013. If there are any version of Microsoft Visual C++ Compilers, it is 

recommended to uninstall it too.  

The Windows SDK (Software Development Kit) v7.1 requires the 

Microsoft .NET Framework v4.0. Any older or recently installed version will cause 

conflicts during the DLL export process and, to avoid this, it is recommended to 

install the .NET Framework in the correct version. 

Now, the compiler can be installed following the recommended setup 

configurations. 

4.7 CONFIGURING THE COMPILER ON MATLAB 

The integration package configures all the necessary folders on 

MATLAB, but to avoid errors is interesting to configure one more. In MATLAB, 

the folder “C:\(MATLAB_folder)\R2015b\Work\CANape” needs to be added by 

clicking on/in the Home tab. 

It is important to select the correct compiler in MATLAB too. In this case, 

it is necessary to type mex –setup in MATLAB command line and follow the 

instructions that will appear on the screen to select it 

.  
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APPENDIX A 

 

%Matlab Script to declare all parameters in order to export 
%Author: Felipe Adalberto Farinelli 

 
%Cleaning workspace and selecting the working folder 
 

cd ('C:\DLL'); 
clear all 
 

%Declaration of the calibration parameters 

  
row_index = ASAP2.Parameter; 
angle_range = ASAP2.Parameter; 
col_submatrix = ASAP2.Parameter; 
row_submatrix = ASAP2.Parameter; 
security_range_ex = ASAP2.Parameter; 
row_security_range = ASAP2.Parameter; 
security_range_in_row = ASAP2.Parameter; 
security_range_in_col = ASAP2.Parameter; 
theta_dimension = ASAP2.Parameter; 
rho_dimension = ASAP2.Parameter; 

  
%Declaration of the Start Value of all calibration parameters 

  
row_index.Value = 315; 
angle_range.Value = 15; 
col_submatrix.Value = 639; 
row_submatrix.Value = 165; 
security_range_ex.Value = 45; 
row_security_range.Value = 150; 
security_range_in_row.Value = 30; 
security_range_in_col.Value = 60; 
theta_dimension.Value = 179; 
rho_dimension.Value = 1321; 

 
%Variables Configuration 

 
row_index.StorageClass = 'ExportedGlobal'; 
angle_range.StorageClass = 'ExportedGlobal'; 
col_submatrix.StorageClass = 'ExportedGlobal'; 
row_submatrix.StorageClass = 'ExportedGlobal'; 
security_range_ex.StorageClass = 'ExportedGlobal'; 
row_security_range.StorageClass = 'ExportedGlobal'; 
security_range_in_row.StorageClass = 'ExportedGlobal'; 
security_range_in_col.StorageClass = 'ExportedGlobal'; 
theta_dimension.StorageClass = 'ExportedGlobal'; 
rho_dimension.StorageClass = 'ExportedGlobal'; 
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APPENDIX B 

 

// Function utilized to enable the visualization of the LDW in the  

// Multimedia Window 

// Author: Felipe Adalberto Farinelli 

 

 

function LDW_function() { 

    if (LDW_signal == 2) {RD = 100; LD = 100;} 

    else if (LDW_signal == 3) RD = 0; 

    else if (LDW_signal == 1) LD = 0; 

    return ; 

} 

 

APPENDIX C 

 

// Function utilized to show an error in lane detection based in the  

// time that lanes keeps in the same place. In a normal situation,  

// all points changes in a little time interval (about 50ms), so if  

// this interval is too large, the matrix CoordsPoints is reset to 0 

// in all points to avoid the exhibition of it in the Multimedia     

// Window. 

// Author: Felipe Adalberto Farinelli 

 

function Verify_Points () 

{ 

  int ant, media_ant, media, i = 0, j = 0, controle; 

   

  media_ant = media;   

 

  for(i = 0; i < 2; i++){ 

    for (j = 0; j < 4; j++){ 

      ant = ant + CoordPointsAlg[i][j]; 

      media = ant / 8; 

    } 

  } 

  ant = 0; 

  if (media_ant == media) { 

    controle++; 

    if (controle == 10){ 

      for(i = 0; i < 2; i++) { 

        for (j = 0; j < 4; j++) { 

          CoordsPoints[i][j] = 0;         

        } 

      } 

      Lane_Det_Error = 0; 

      controle = 0; 

    } 

  } else { 
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    Lane_Det_Error = 100; 

    controle = 0; 

    for(i = 0; i < 2; i++) { 

      for (j = 0; j < 4; j++) { 

        CoordsPoints[i][j] = CoordPointsAlg[i][j];         

      } 

    } 

  } 

  return ; 

} 
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