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APPENDIX B. CREATING LEVEL-2 C-MEX S-FUNCTIONS

As mentioned in the text, C-MEX s-functions provide several benefits over their MATLAB-
based counterparts. They generally run much faster and allow direct access to the system API.
They also enable users to create custom classes that can be instantiated in the C-MEX s-function
for simulation and deployed on an embedded system for hardware tests. This appendix covers
the basic structure and function of C-MEX s-functions, along with a guide for development in
MATLAB or Visual Studio. It is intended as an overview of C-MEX s-functions and outlines the
steps taken for their use in this project. A comprehensive guide can be found in MATLAB’s help

documentation.

B.1 C-MEX s-function Structure

A C-MEX s-function has 5 major sections: preprocessor, initialization and model start,
update, output, and termination. Several of the functions related to these sections are not necessary

for compilation and execution, but can be used or deleted as needed.

B.1.1 Preprocessor

In order for the s-function to be read properly, it must be named in the preprocessing direc-

tives with the following code:
#define S FUNCTION NAME mySFunctionName

where “mySFunctionName” is the filename of the source code. If the names do not match,
Simulink will issue an error at runtime. Additionally, the header file ”simstruc.h” must be in-

cluded.
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B.1.2 Initialization and Model Start

There are four functions that comprise the initialization and model start section

static void mdlInitializeSizes (SimStruct =*S);
static void mdlInitializeSampleTimes (SimStruct *S);
static void mdlStart(SimStruct *S);

static void mdlInitializeConditions (SimStruct *S);

The first function, mdlInitializeSizes, is mandatory and is responsible for setting up the input/out-
put structure of the Simulink block and the memory allocation. Within it macros set the number
of s-function parameters, continuous states, discrete states, input ports, output ports, sample times,
and work vector spaces, among others. The width of each input port is also set by using a macro;
when properly defined this allows vectors to use a single input port. Of particular importance for
this project is the PWork vector, whose size is also set in this function. The PWork vector provides
storage of pointers for use in different parts of the s-function.

The second function, mdllnitializeSampleTimes, is mandatory and controls when the s-
function is called by Simulink. A pair of macros, ssSetSampleTime and ssSetOffsetTime are used
in setting this up. In this project two different settings are used depending on the s-function’s struc-
ture. For simple input/output blocks, such as the autopilot and the dynamics block, a continuous
sample time with no offset is used; the s-function will be run on both major and minor solving
steps. However, blocks such as the EKF, whose estimates are propagated and updated every time
the function is called, must only be run on the major steps or they will not work properly. This is

done by setting the sample time to continuous and using the macro
FIXED_IN_MINOR_STEP_OFFSET

The third function, mdIStart, is optional and is run only once at the beginning of model
execution. It can be used to initialize parameters that should not be reset in an enabled subsystem
or similar. For this project, mdlStart was also used to create pointers and allocate memory for the

user-defined classes. The following code shows how this is done using the PWork vector

static void mdlStart(SimStruct =S)

{
ssGetPWork (S)[0] = (void *) new autopilotClass ();
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}

Line 3 instantiates the autopilotClass on the heap, casts the pointer as a (void *) and then stores
that pointer in the PWork vector. This class can now be accessed anywhere in the s-function by

creating a pointer and using the get macro as follows
autopilotClass* myAutopilotPtr = ssGetPWork (S)[0]

The final function, mdlInitializeConditions, is optional and is used to set the state values at
the beginning of model execution; it is called after mdlStart. Unlike mdIStart, this function is also

called if the s-function is restarted during model execution through an enabled subsystem.

B.1.3 Update
Two functions comprise the update section

static void mdlDerivatives (SimStruct =S);

static void mdlUpdate(SimStruct *S);

The first function, mdlDerivatives, is optional and provides a framework for calculating
the derivatives of the continuous states. The macros ssGetContStates and ssGetdX can be used to
obtain pointers to the states and their derivatives, respectively. The second function, mdlUpdate,
is also optional and allows updates to the discrete steps. The macro ssGetDiscStates returns a
pointer to the discrete state vector. The update section was only used in this project to calculate
the dynamics of the aircraft; all other functions such as autopilot and estimator ignored them

completely.

B.1.4 Output

The output section consists of a single function, mdlOutputs, which is mandatory, and is
used to create the values for each output port. The macros ssGetInputPortSignal and ssGetOutput-
PortSignal provide pointers to the vectors where the input and output port values are stored. In the
case of input/output functions such as the autopilot and estimator, this function contained the code
to call the appropriate class’ member functions and accessed its data using the macro ssGetPWork

to obtain the pointer.
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B.1.5 Termination

The termination function, mdlTerminate, is mandatory and is called at the end of model
execution. If memory was allocated for a class during mdlIStart it must be freed here to prevent

memory leaks.

B.1.6 Indexing Tip

The development of C-MEX s-functions can seem daunting at first, but there are a few
tricks that can simplify development and code readability. As the structure relies heavily on the
vectors and indexing, using preprocessor definitions can help maintain consistency. The following

code snippet includes multiple definitions that can then be used throughout the code:

// s—function Parameter Defines

#define SFUN_PARAM DT 0
#define SFUN_PARAM_X0 1
#define NUM_SFUN _PARAMS 2

// Input Port Defines
#define INPUT_PORT_FORCE_X 0
#define NUM_INPUT_PORTS 1

// Output Port Defines
#define OUTPUT_PORT_X 0
#define NUM_OUTPUT_PORTS 1

// PWork Defines
#define PWORK CONTROLLER 0
#define NUMPWORKS 1

// Continuous State Defines

#define CONT._STATE_X 0
#define NUM_CONT_STATES 1
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While a simple example like this could easily use hard-coded indexing, using definitions such as

these greatly aids programming during the development of more complex systems.

B.2 Developing in MATLAB

Writing and compiling C-MEX s-functions can be done directly within the MATLAB environment
and is fairly straightforward. Unfortunately MATLAB does not support many of the helpful features com-
mon to most C++ IDEs, such as auto-complete and code coloring. After the s-function is written, a compiler
must be selected from those installed on the computer. This is done typing the following line in the command

window
mex —setup

MATLAB will search for compatible compliers and prompt the user to select one for use. C-MEX s-
functions can now be compiled with commands similar to the following depending on the structure and

desired use:

mex mySFunction.cpp
mex mySFunction.cpp myClass.cpp
mex —g mySFunction.cpp

mex —v —g mySFunction.cpp

where mySFunction.cpp is a C-MEX s-function containing the necessary functions specified previously,
myClass.cpp is the source for a user-defined class included in mySFunction.cpp, -g compiles with debugging
symbols, and -v compiles in “verbose” mode. The result of this command is a MATLAB EXecutable (MEX)
file with the extension .mex appended with the operating system type, i.e. .mexw64, .mexmaci64, etc. This

file is accessed by Simulink during model execution.

B.3 Developing in Visual Studio

To expedite code writing, Visual Studio can be used in place of MATLAB to create C-MEX s-
functions. One of the simplest ways to accomplish this is by importing existing code into a new VS project.
First, save a copy of the s-function template file available in MATALB with an appropriate name. Open
Visual Studio and select File — New — Project From Existing Code... Create a Visual C++ project and

select a suitable location for the VS files. Select the “Use Visual Studio” build option and “Dynamically

77



linked library (DLL) project” as the type. Under configuration settings add “MATLAB_MEX _FILE” to the

Preprocessor Definitions and the following two lines to the Include Search Paths:

<MATLABROOT>\simulink \include
<MATLABROOT>\simulink \extern

where <MATLABROOT >is MATLAB’s base directory and can be found by typing “matlabroot” in the
Command Window. Finish creating the project and open the property sheets. Ensure that the Configuration
is set to compile in the proper platform based on the extension listed by the “mexext” command in MATLAB
and change the Target Extension to match as well. Click the Linker Settings and select the Input option.

Under Additional Dependencies add the following lines:

<MATLABROOT> \extern\lib\win< PLATFORM >\ microsoft\ libmx.lib
<MATLABROOT>\extern\lib\ win<PLATFORM >\ microsoft\libmat.lib
<MATLABROOT>\extern\lib\win< PLATFORM>\microsoft\libmex.lib

where <PLATFORM >corresponds to the operating system (32-bit, 64-bit). After applying these changes a
Module-Definition File (.def) must be added. Click Project — Add New Item and select “Module-Definition

File.” Copy the following lines of code into the file and then save:

LIBRARY “mySFunction.<TARGETEXT>"

EXPORTS

mexFunction

where <TARGETEXT>is the target extension set previously. Upon compilation this project will produce
the necessary MEX file to use in Simulink.

There are several benefits to developing C-MEX s-functions in Visual Studio over MATLAB. The
first and foremost is access to Microsoft’s IntelliSense feature which provides auto-completion and function
hints. Though not strictly necessary this greatly speeds up development and debugging. Another benefit is
the ability to compile multiple s-functions at once by creating a single solution with multiple projects, each
representing a different function. The entire code base can then be easily compiled in a single command.
Finally, if compiled with debugging symbols, Visual Studio can be attached to the Simulink simulation using

the C-MEX s-function and allow a user to step through the code to identify bugs and check variable values.
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B.4 Example Code

Two example codes are included below. The first is a simple dynamics C-MEX s-function that
calculates the 13 states of the aircraft given input forces and moments. It demonstrates the use of continuous
states and the derivative functions. The second is the s-function that interfaces to the CAP. It demonstrates

the use of the PWork vector and user-defined classes.

aircraftDynamicsSFUN.cpp

S vV ® N U AW N -

B A A B A A B OB A B W W W oW LW LW W W W RN RN NN NN = e e e e e e
L ® 9 U B OO =S v ® 90 kR OO0 A SO ® O30 EAE DN~ S 0 ® 90 U0 RE LN —

/%  Name: aircraftDynamicsSFUN #/
/% Created By: Robert Klaus %/
/% Created On: 15—May—2013 #/

// Required Defines
#define SFUNCTIONNAME aircraftDynamicsSFUN
#define S_FUNCTION_LEVEL 2

#define _CRT_.SECURE_NO_WARNINGS // remove

// Includes

#include “simstruc.h”
#include <math.h>
#include <Windows.h>

// S Function Parameter defines
#define SFUN_PARAM.DT 0
#define SFUN_PARAM_PNO
#define SFUN_PARAM_PEQ
#define SFUN_PARAM_PDO
#define SFUN_PARAM_UO
#define SFUN_.PARAM.VO
#define SFUN_PARAM_W0O
#define SFUN_PARAM_PHIO
#define SFUN_PARAM.THETAO
#define SFUN_PARAM_PSIO
#define SFUN_PARAM.PO
#define SFUN_PARAM._QO
#define SFUN_PARAM_RO
#define NUM_SFUN_PARAMS

o I - NV R N VR R

w N = o

// Input Port defines

#define INPUT_PORT_FORCE_X 0
#define INPUT_PORT_FORCE.Y 1
#define INPUT_-PORT_-FORCE_Z 2
#define INPUT_PORT_-MOMENT.L 3
#define INPUT_PORT_MOMENT.M 4
#define INPUT_PORT_-MOMENT.N 5
#define INPUT_PORT_-MASS 6
#define INPUT_PORT.JX 7
#define INPUT_PORT.Y 8
#define INPUT_PORT.JZ 9
#define INPUT_PORT.JXZ 10
#define NUM._INPUT_PORTS 11

// Output Port defines
#define OUTPUT_PORT-PN 0
#define OUTPUT_PORT_PE 1

simulink.c warnings



50 #define OUTPUT.PORT-PD 2
51  #define OUTPUT-PORT-U 3
52 #define OUTPUT_PORT_-V 4
53 #define OUTPUT_PORT-W 5
54 #define OUTPUT_PORT_PHI 6
55  #define OUTPUT_PORT.THETA 7
56 #define OUTPUT_PORT-PSI 8
57 #define OUTPUT_PORT.P 9
58  #define OUTPUT.PORT-Q 10
59 #define OUTPUT_PORT-R 11
60 #define NUM.OUTPUT_PORTS 12
61

62 // State defines

63 #define CONT_STATE_PN 0
64  #define CONT_STATE_PE 1
65  #define CONT.STATE_PD 2
66  #define CONT.STATE.U 3
67 #define CONT.STATE.V 4
68 #define CONT.STATE-W 5
69  #define CONT_STATE_EO 6
70  #define CONT.STATE_El 7
71  #define CONT_STATE_E2 8
72 #define CONT.STATE_E3 9
73 #define CONT_STATE_P 10
74  #define CONT.STATE.Q 11
75  #define CONT.STATER 12
76  #define NUM.CONT_STATES 13

77

78 // Helpful macros

79  #define GET_SFUN_VAL(INDEX) mxGetPr(ssGetSFcnParam (S,INDEX))[0]

80 #define GET.INPUT_VAL (INDEX) ssGetInputPortRealSignal (S,INDEX)[0]
81

82 // Useful functions

83  double saturate (double inVal, double upperLimit, double lowerLimit)

84 {

85 if (inVal>upperLimit)

86 return upperLimit;

87 if (inVal<lowerLimit)

88 return lowerLimit;

89 else

90 return inVal;

91 }

92

93 7/

94 % S—function methods =

95 w/

96

97 static void mdlInitializeSizes (SimStruct =S)

98 |

99 /% See sfuntmpl_doc.c for more details on the macros below =/
100

101 ssSetNumSFcnParams (S, NUM.SFUNPARAMS); /s« Number of expected parameters =/
102 if (ssGetNumSFcnParams(S) != ssGetSFcnParamsCount(S)) {

103 /% Return if number of expected != number of actual parameters =/
104 return;

105 }

106

107 ssSetNumContStates (S, NUM_.CONT.STATES);

108 ssSetNumDiscStates (S, 0);

109

110 // Input Ports
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111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

if (!ssSetNumlInputPorts(S, NUMINPUT.PORTS)) return;
// Forces and Moments

ssSetInputPortWidth (S, INPUT_PORT_FORCEX, 1);

ssSetInputPortRequiredContiguous (S, INPUT_.PORT_FORCE.X, true); /sdirect input signal access =/

ssSetInputPortDirectFeedThrough (S, INPUT_.PORT_FORCE.X, 1);
ssSetInputPortWidth (S, INPUT_.PORT-FORCE.Y, 1);

ssSetInputPortRequiredContiguous (S, INPUT_.PORT_-FORCE.Y, true); /«direct input signal access =/

ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT_FORCE.Y, 1);
ssSetInputPortWidth (S, INPUT_.PORT.FORCE.Z, 1);

ssSetInputPortRequiredContiguous (S, INPUT_.PORT.FORCEZ, true); /«direct input signal access =/

ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT_.FORCE.Z, 1);
ssSetInputPortWidth (S, INPUT.PORT-MOMENT.L, 1);

ssSetlnputPortRequiredContiguous (S, INPUT_PORT_ MOMENT_L, true); /xdirect input signal access =/

ssSetInputPortDirectFeedThrough (S, INPUT_.PORT-MOMENTL, 1);
ssSetInputPortWidth (S, INPUT_ PORT_ MOMENTM, 1);

ssSetInputPortRequiredContiguous (S, INPUT_PORT-MOMENT.M, true); /sdirect input signal access =/

ssSetInputPortDirectFeedThrough (S, INPUT_.PORT_MOMENTM, 1);
ssSetInputPortWidth (S, INPUT_PORT-MOMENT.N, 1);

ssSetInputPortRequiredContiguous (S, INPUT.PORT-MOMENT.N, true); /=direct input signal access =/

ssSetlnputPortDirectFeedThrough (S, INPUT_PORT_MOMENTN, 1);

// Mass and Inertia

ssSetInputPortWidth (S, INPUT_.PORT-MASS, 1);

ssSetInputPortRequiredContiguous (S, INPUT.PORT-MASS, true); /«direct input signal access =/
ssSetlnputPortDirectFeedThrough (S, INPUT_PORT-MASS, 1);

ssSetInputPortWidth (S, INPUT_-PORT.JX, 1);

ssSetInputPortRequiredContiguous (S, INPUT_PORT.IX, true); /sdirect input signal access =/

ssSetInputPortDirectFeedThrough (S, INPUT-PORTJX, 1);

ssSetInputPortWidth (S, INPUT_PORT.Y, 1);

ssSetlnputPortRequiredContiguous (S, INPUT_-PORT.JY, true); /xdirect input signal access =/

ssSetInputPortDirectFeedThrough (S, INPUT.PORTJY, 1);

ssSetInputPortWidth (S, INPUT_.PORTJZ, 1);

ssSetInputPortRequiredContiguous (S, INPUT_.PORT.JZ, true); /xdirect input signal access x/

ssSetInputPortDirectFeedThrough (S, INPUT_.PORT.JZ, 1);

ssSetInputPortWidth (S, INPUT_-PORTJXZ, 1);

ssSetInputPortRequiredContiguous (S, INPUT_-PORT.IJXZ, true); /sdirect input signal access =/
ssSetlnputPortDirectFeedThrough (S, INPUT_PORT.IJXZ, 1);

// Output ports

if (!ssSetNumOutputPorts (S, NUM_OUTPUT-PORTS)) return;
ssSetOutputPortWidth (S, OUTPUT_PORTPN, 1);
ssSetOutputPortWidth (S, OUTPUT_PORTPE, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT-PD, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT.U, 1);
ssSetOutputPortWidth (S, OUTPUT-PORT.V, 1);
ssSetOutputPortWidth (S, OUTPUTLPORT-W, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT.PSI, 1);
ssSetOutputPortWidth (S, OUTPUT-PORT.-THETA, 1);
ssSetOutputPortWidth (S, OUTPUT-PORT_PHI, 1);
ssSetOutputPortWidth (S, OUTPUT.PORT.P, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT.Q, 1);
ssSetOutputPortWidth (S, OUTPUT-PORTR, 1);

ssSetNumSampleTimes (S, 1);
ssSetNumRWork (S, 0);
ssSetNumIWork (S, 0);
ssSetNumPWork (S, 0);
ssSetNumModes (S, 0);
ssSetNumNonsampledZCs (S, 0);

/% Specify the sim state compliance to be same as a built—in block =/
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172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
p2s)
223
224
225
226
227
228
229
230
231
232

static void mdlInitializeSampleTimes (SimStruct =S)

{

#define MDL_INITIALIZE_.CONDITIONS

ssSetSimStateCompliance (S, USE.DEFAULT_SIM_STATE);

ssSetOptions (S, 0);

ssSetSampleTime (S,
ssSetOffsetTime (S,

0, CONTINUOUS_SAMPLE.TIME ) ;

0,

0.0);

#if defined (MDL_INITIALIZE_CONDITIONS)

#endif

static void mdlInitializeConditions (SimStruct #S)

{

}

double psi0 =
double theta0 =
double phi0 =

double cPsi2
double sPsi2
double cTheta2
double sTheta2
double cPhi2
double sPhi2

GET_SFUN_VAL (SFUN_PARAM_PSIO ) ;
GET_SFUN_VAL (SFUN_.PARAM_THETAO) ;
GET_SFUN_VAL (SFUN_PARAM_PHIO ) ;

cos (psi0/2);
sin (psi0/2);
cos(thetaO/2);
sin(theta0/2);
cos (phi0/2);
sin (phi0/2);

doublex x = ssGetContStates (S);

X [CONT_STATE_PN]
X [CONT_STATE_PE]
X [CONT_STATE_PD]

X [CONT_STATE_U]
X [CONT.STATE.V]
X [CONT_STATE W]

X [CONT_STATE_EO]
X [CONT_STATE.El ]
X [CONT_STATE_E2]
X [CONT_STATE_E3]

X [CONT_STATE_P]
X [CONT_STATEQ]
X [CONT_STATER ]

= GET_SFUN_VAL (SFUN_PARAM_PNO) ;
= GET_SFUN_VAL (SFUN_PARAM_PEO);
= GET-SFUN_VAL (SFUN_PARAM_PD0) ;

= GET_SFUN_VAL (SFUN_PARAM_UO0) ;
= GET_SFUN_VAL (SFUN_PARAM_VO0);
= GET_SFUN_VAL (SFUN_PARAM_WO0) ;

= GET_SFUN_VAL (SFUN_PARAM_P0);
= GET_SFUN_VAL (SFUN_PARAM_Q0);
= GET_SFUN_VAL (SFUN_.PARAMRO0) ;

cPsi2xcTheta2xcPhi2
cPsi2#«cTheta2 «sPhi2
cPsi2#sTheta2«cPhi2
sPsi2xcTheta2«cPhi2

/% MDL_INITIALIZE_CONDITIONS s/

static void mdlOutputs(SimStruct %S, int.T

{

// Get states

double xx = ssGetContStates(S);
double e0 = x[CONT.STATE_EO0];
double el = x[CONT.STATE.El];
double e¢2 = x[CONT.STATE.E2];
double e3 = x[CONT.STATE.E3];

// Get output pointers

tid)

/% Change to #undef to remove function

+sPsi2*sTheta2*sPhi2;
—sPsi2*«sTheta2xcPhi2;
+sPsi2xcTheta2xsPhi2;
—cPsi2*sTheta2=*sPhi2 ;
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233 double :pn = ssGetOutputPortRealSignal (S,OUTPUT_-PORT_PN);

234 double :pe = ssGetOutputPortRealSignal (S,OUTPUT_-PORT-PE);
235 double :pd = ssGetOutputPortRealSignal (S,OUTPUT_PORT_PD);
236 double =u = ssGetOutputPortRealSignal (S,OUTPUT_PORT-U);
237 double xv = ssGetOutputPortRealSignal (S,OUTPUT_PORT.V);
238 double xw = ssGetOutputPortRealSignal (S,OUTPUT_.PORT_W);
239 double =phi = ssGetOutputPortRealSignal (S,OUTPUT_-PORT_PHI);
240 double =theta = ssGetOutputPortRealSignal (S,OUTPUT_PORT_THETA);
241 double spsi = ssGetOutputPortRealSignal (S,OUTPUT_PORT_PSI);
242 double :p = ssGetOutputPortRealSignal (S,OUTPUT_PORT.P);
243 double xq = ssGetOutputPortRealSignal (S,OUTPUT_.PORT-Q);
244 double xr = ssGetOutputPortRealSignal (S,OUTPUT_-PORTR);
245

246 double norme = e0xe0 +el=xel +e2xe2 +e3=xe3;

247 e0 = e0/norme;

248 el = el/norme;

249 e2 = e2/norme;

250 e3 = e3/norme;

251

252 double phi_calc = atan2 (2x(eOxel +e2xe3), (eOxe0 +e3xe3 —elxel —e2xe2));
253 double theta_calc = asin(saturate (2x(e0=e2 —el=xe3),1,—1));
254 double psi_calc = atan2(2x(e0xe3 +el=xe2),(e0xe0 +elxel —e2xe2 —e3xe3));
255

256 #pn = x[CONT.STATE_PN];

257 #pe = x[CONT.STATEPE];

258 #pd = x[CONT.STATE.PD];

259 U = x[CONTSTATE_.U];

260 *V = X[CONTSTATE.V];

261 EW = x[CONTSTATE-W ];

262

263 #phi = phi_calc;

264 #«theta = theta_calc;

265 #psi = psi-calc;

266 *p = x[CONT_STATE_P];

267 #q = x[CONTSTATEQ];

268 ®T = x[CONT.STATER];

269 }

270

271

272  #define MDL.DERIVATIVES /x Change to #undef to remove function =/
273 #if defined (MDL_DERIVATIVES)

274 static void mdlDerivatives (SimStruct *S)

275 {

276 // Process states for easy access (NOTE: no position states)
277 double xx = ssGetContStates (S);

278 double u = x[CONT.STATE.U];

279 double v = x[CONT.STATE.V];

280 double w = Xx[CONT-STATE-W ];

281 double e0 = x[CONT.STATE_EO];

282 double el = x[CONT.STATE.El];

283 double e2 = x[CONT.STATE.E2];

284 double e3 = x[CONT.STATE.E3];

285 double p = x[CONT.STATE_P];

286 double ¢ = x[CONT_STATEQ];

287 double r = x[CONT_STATER];

288

289 // Process input values for easy access

290 double fx = GET_INPUT_VAL (INPUT_PORT_FORCE.X);
291 double fy = GET_INPUT_VAL (INPUT_PORT_FORCE.Y ) ;
292 double fz = GET_INPUT_VAL (INPUT_PORT_.FORCE.Z )
293
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294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354

double
double
double

double
double
double
double
double

// Get
double

ell

m

=
I

mass =

—
>
1]

—
<
0]

—
>
N
[}

GET_INPUT_-VAL (INPUT_PORT-MOMENT L) ;
GET_INPUT_VAL (INPUT_.PORT_MOMENT M) ;
GET_INPUT_VAL (INPUT_PORT_MOMENTN) ;

GET_INPUT_VAL (INPUT_PORT_-MASS ) ;
GET-INPUT_VAL (INPUT_PORT.JX);
GET_INPUT_VAL (INPUT_PORT.JY ) ;
GET_INPUT_-VAL (INPUT_PORT.JZ);
GET_INPUT_VAL (INPUT_PORT_JXZ);

derivative pointers

ssGetdX (S);

wdx =

// Intermediate

double
double
double
double
double
double
double
double
double

Gamma0
Gammal
Gamma2
Gamma3
Gamma4
Gamma5
Gamma6
Gamma7

Gamma8

intertia calculations

IxxJz—Jxz*Jxz;
(Jxz#(Jx—Jy+Jz))/Gamma0;
(Jz#(Jz=Jy)+Ixz+Jxz )/ GammaO;
Jz /Gamma0 ;

Jxz /Gamma0;

(Jz=Jx)/Jy;

Ixz/Jy;

(Ix=(IJx=Jy)+Jxz*Jxz);
Jx /Gamma0;

// Linear derivatives
dx [CONT_STATE_PN |
dx [CONT_STATE_PE]
dx [CONT_STATE_PD]

dx [CONT_STATE_U]
dx [CONT_STATE_V ]
dx [CONT_STATE.W |

(elxel +e0xe0 —e2xe2 —e3xe3)=xu +2x(elxe2—e3xe0)xv
2x(elxe2+e3xe0)xu +(e2xe2+e0+e0—elxel—e3xe3)xv
2x(elxe3—e2xe0)xu +2#(e2xe3+elxeQ)xv
r#v —q#w + (1/mass)=fx;
p#w —r#u + (1/mass)x*fy;

q#u —pxv + (1/mass)xfz;

// Angular derivatives

double

//if (norme > 1.5

norme

= (e0xe0 +elxel +e2xe2 +e3=xe3);

|| norme < 0.5)

//  DebugBreak();

double

lambda

10#(1 —norme ) ;

dx [CONT_STATE_EO ]
dx [CONT_STATE_E1]
dx [CONT.STATE._E2]
dx [CONT_STATE_E3]

dx [CONT_STATE_P]
dx [CONT_STATE.Q]
dx [CONT_STATER]

}

(—pxel — qxe2 — r=e3 + lambdaxe0)/2;
lambdaxel )/2;
lambdaxe2)/2;
lambda=xe3)/2;

( pxe0 — gxe3 + rxe2
( pxe3 + qxe0 — r=el

+ o+ o+

(—pxe2 + qxel + r=e0

Gammal=pxq  —Gamma2=zq#r1 +Gamma3s ell +Gamma4:n;
GammaS#p#r —Gammab6  (p#p—r#r) +(1/Jy)*m;
Gamma7#ps+q  —Gammals=qsr +Gamma4+ e11 +Gamma8:n ;

#endif /+ MDL_DERIVATIVES s/

static void mdlTerminate(SimStruct =S)

{
}

/

# Required S—function

trailer =

%/
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+2x(elxe3+e2xe)*w;
+2x(e2xe3—elxel)*w;

+(e3#e3+e0=xe0—elxel—e2xe2)=w;



355
356
357
358
359

ST L N T

o =

#ifdef MATLABMEX_FILE /% Is this file being compiled as a MEX—file? =/

#include ”simulink.c”
#else
#include “cg_sfun.h”

#endif

/% Code generation

/s st st s s sk ot ok st s s skt ot sk sl sk sk ok s ok sk s sk ok ok ok sk sk s ok ok ok sk sl sk sk ok okokokok s/

/%  Name: planCapSFUN %/
/% Created By: Robert Klaus #/
/% Created On: 28—May—2013 %/

// Required Defines

#define S_FUNCTION.NAME planCapSFUN
#define S_FUNCTION_LEVEL 2

#define _CRT_SECURE.NO_-WARNINGS

// Includes

#include <math.h>

#include ”simstruc.h”
#include “pathManagerClass.h”

#include “capClass.h”
// S Function Parameter defines
#define SFUN_PARAM.DT 0

#define NUM_SFUN_PARAMS 1

// Input Port defines

#define INPUT_.PORT.OWN_PN 0
#define INPUT_PORT_-OWN_PE 1
#define INPUT_.PORT_-OWN_ALTITUDE 2
#define INPUT_PORT_.OWN_.COURSE 3
#define INPUT_PORT_-OWN_AIRSPEED 4
#define INPUT_PORT.INT_PRESENT 5
#define INPUT_PORT.INT_-PN 6
#define INPUT_PORT_INT_PE 7
#define INPUT_PORT_.INT_ALTITUDE 8
#define INPUT_PORT.INT_.COURSE 9
#define INPUT_PORT_INT_AIRSPEED 10
#define INPUT_.PORT.INT_LESTIMATE.COV 11
#define INPUT_PORT-WAYPOINTNUM 12
#define INPUT_PORT_WAYPOINT_TARGET 13
#define INPUT_PORT_-WAYPOINT_ARRAY 14
#define INPUT_PORT_-WAYPOINT_UPDATE 15
#define INPUT_.PORT_.BRANCH.TIME 16
#define INPUT_PORT_.BRANCHNUMBER 17
#define INPUT_PORT_-BRANCH.ANGLE 18
#define INPUT_PORT_.TURN.COST 19
#define INPUT_PORT.SZ_MIN 20
#define INPUT_PORT_SZ_SCALE 21
#define INPUT_PORT_-ALLOW_PLAN 22
#define INPUT_-PORT-TIME 23
#define NUM._INPUT_PORTS 24

/% MEX-file interface mechanism =/

registration function %/

planCapSFUN.cpp

// remove simulink.c warnings

// 1 need the #define WAYPOINT_ARRAY_SIZE
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54 // Output Port defines

55 #define OUTPUT_PORT-WAYPOINT.NUMBER 0

56  #define OUTPUT_PORT_WAYPOINT_-TARGET 1

57 #define OUTPUTPORT-WAYPOINT_ARRAY 2

58 #define OUTPUT_PORT_-WAYPOINT_.UPDATE 3

59  #define OUTPUT-PORT.CAP_STATE 4

60 #define OUTPUT_PORT_-CAP_TIME 5

61  #define NUM_OUTPUT_PORTS 6

62

63 // PWork defines

64  #define PWORK.CAP 0

65  #define NUMPWORKS 1

66

67 // Helpful macros

68 #define GET_SFUN_VAL (INDEX) mxGetPr(ssGetSFenParam (S,INDEX))[0]

69 #define GET-INPUT.VAL (INDEX) ssGetInputPortRealSignal (S,INDEX)[0]

70 #define getCapPtr (capClass ) ssGetPWork (S ) [PWORK.CAP]

71

2/

73 % S—function methods =

74 %/

75

76 static void mdlInitializeSizes (SimStruct *S)

77 A

78 /% See sfuntmpl_doc.c for more details on the macros below s/

79

80 ssSetNumSFcnParams (S, NUM.SFUN_PARAMS); /= Number of expected parameters =/

81 if (ssGetNumSFcnParams(S) != ssGetSFcnParamsCount(S)) {

82 /% Return if number of expected != number of actual parameters =/

83 return ;

84 }

85

86 ssSetNumContStates (S, 0);

87 ssSetNumDiscStates (S, 0);

88

89 // Input Ports

90 if (!ssSetNumlInputPorts(S, NUMINPUT.PORTS)) return;

91

92 // Ownship States

93 ssSetInputPortWidth (S, INPUT_.PORT.OWN.PN, 1);

94 ssSetInputPortRequiredContiguous (S, INPUT.PORT.OWN_PN, true); /sdirect input signal access =/
95 ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT.OWN_PN, 1);

96 ssSetInputPortWidth (S, INPUT_.PORT.-OWN_PE, 1);

97 ssSetInputPortRequiredContiguous (S, INPUT_PORT.OWN_PE, true); /sdirect input signal access %/
98 ssSetlnputPortDirectFeedThrough (S, INPUT.PORT.-OWN_PE, 1);

99 ssSetInputPortWidth (S, INPUT_PORT-OWN_ALTITUDE, 1);

100 ssSetInputPortRequiredContiguous (S, INPUT_.PORT-OWN_ALTITUDE, true); /«direct input signal access s/
101 ssSetInputPortDirectFeedThrough (S, INPUT_.PORT_-OWN_ALTITUDE, 1);

102 ssSetInputPortWidth (S, INPUT_.PORT.OWN._COURSE, 1);

103 ssSetInputPortRequiredContiguous (S, INPUTLPORT.-OWN_COURSE, true); /sdirect input signal access %/
104 ssSetInputPortDirectFeedThrough (S, INPUT_PORT.OWN_COURSE, 1);

105 ssSetInputPortWidth (S, INPUT_.PORT-OWN_AIRSPEED, 1);

106 ssSetInputPortRequiredContiguous (S, INPUT_.PORT.-OWN_AIRSPEED, true); /«direct input signal accessx/
107 ssSetlnputPortDirectFeedThrough (S, INPUT_PORT_-OWN_AIRSPEED, 1);

108

109 // Intruder States

110 ssSetInputPortWidth (S, INPUT_.PORT.INT_PRESENT, 1);

111 ssSetInputPortRequiredContiguous (S, INPUT_PORT.INT_PRESENT, true); /sdirect input signal access s/
112 ssSetlnputPortDirectFeedThrough (S, INPUT_PORT_.INT_PRESENT, 1);

113 ssSetInputPortWidth (S, INPUT_.PORT-INT_-PN, 1);

114 ssSetlnputPortRequiredContiguous (S, INPUT_PORT_INT_PN, true); /xdirect input signal access =/

86



115
116
117
118
119
120
121
122
123
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130
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164
165
166
167
168
169
170
171
172
173
174
175

ssSetlnputPortDirectFeedThrough (S, INPUT_PORT.INT_-PN, 1);
ssSetInputPortWidth (S, INPUT_PORT.INT_PE, 1);

ssSetlnputPortRequiredContiguous (S, INPUT_PORT_INT_PE, true);

ssSetlnputPortDirectFeedThrough (S, INPUT_PORT.INT.PE, 1);
ssSetInputPortWidth (S, INPUT_PORT.INT_ALTITUDE, 1);
ssSetlnputPortRequiredContiguous (S, INPUT_-PORT-_INT_ALTITUDE, true);
ssSetInputPortDirectFeedThrough (S, INPUT_.PORT_INT_ALTITUDE,
ssSetInputPortWidth (S, INPUT_-PORT_INT.COURSE, 1);
ssSetInputPortRequiredContiguous (S, INPUT_.PORT.INT.COURSE,

ssSetInputPortDirectFeedThrough (S, INPUT_PORT.INT_.COURSE,

ssSetInputPortWidth (S, INPUT_PORT.INT_AIRSPEED, 1);
ssSetInputPortRequiredContiguous (S, INPUT_.PORT_INT_.AIRSPEED, true);
ssSetlnputPortDirectFeedThrough (S, INPUT_PORT_INT_AIRSPEED,
ssSetInputPortWidth (S, INPUT_.PORT.INT.ESTIMATE_.COV, 5); // 4 covariances and good estimate flag

ssSetInputPortRequiredContiguous (S, INPUT_PORT_INT_ESTIMATE_COV,

1):

true); /=

1);

1);

ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT.INT_LESTIMATE.COV, 1);

// Waypoint Inputs

ssSetInputPortWidth (S, INPUT_.PORT-WAYPOINT.NUM, 1);
ssSetlnputPortRequiredContiguous (S, INPUT_.PORT_-WAYPOINT.NUM, true);
ssSetInputPortDirectFeedThrough (S, INPUT_.PORT-WAYPOINT.NUM,
ssSetInputPortWidth (S, INPUT_PORT_-WAYPOINT_.TARGET, 1);
ssSetInputPortRequiredContiguous (S, INPUT_.PORT-WAYPOINT_-TARGET, true
ssSetInputPortDirectFeedThrough (S, INPUT_.PORT-WAYPOINT_-TARGET, 1);
ssSetInputPortWidth (S, INPUT_LPORT-WAYPOINT_.ARRAY, WAYPOINT_ARRAY_SIZE*5);

ssSetInputPortRequiredContiguous (S, INPUT.PORT-WAYPOINT_ARRAY,

1)

ssSetInputPortDirectFeedThrough (S, INPUT_PORT_-WAYPOINT_.ARRAY, 1);
ssSetInputPortWidth (S, INPUT_.PORT-WAYPOINT_.UPDATE, 1);
ssSetInputPortRequiredContiguous (S, INPUT_PORT_-WAYPOINT_.UPDATE, true
ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT-WAYPOINT_.UPDATE, 1);

// Parameter Inputs

ssSetInputPortWidth (S, INPUT_.PORT.-BRANCH.TIME, 1);
ssSetInputPortRequiredContiguous (S, INPUT_PORT_.BRANCH.TIME,
ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT_.BRANCH.TIME,
ssSetInputPortWidth (S, INPUT.PORT.-BRANCH.NUMBER, 1);
ssSetlnputPortRequiredContiguous (S, INPUT_PORT_BRANCH.NUMBER, true);
ssSetlnputPortDirectFeedThrough (S, INPUT_.PORT.BRANCHNUMBER, 1);
ssSetInputPortWidth (S, INPUT_PORT.BRANCH_ANGLE, 1);
ssSetInputPortRequiredContiguous (S, INPUT_PORT-BRANCH_ANGLE, true);
ssSetInputPortDirectFeedThrough (S, INPUT_PORT_-BRANCH.ANGLE,
ssSetInputPortWidth (S, INPUT_.PORT_-TURN.COST, 1);

ssSetInputPortRequiredContiguous (S, INPUT_PORT-TURN_COST,
ssSetInputPortDirectFeedThrough (S, INPUT_PORT_.TURN_COST,

ssSetInputPortWidth (S, INPUT_PORT.SZ.MIN, 1);

ssSetInputPortRequiredContiguous (S, INPUT_PORT_SZ_MIN,

ssSetInputPortDirectFeedThrough (S, INPUT_PORT_-SZ.MIN, 1);
ssSetInputPortWidth (S, INPUT_.PORT.SZ_SCALE, 4);

ssSetlnputPortRequiredContiguous (S, INPUT_PORT_SZ_SCALE,

ssSetInputPortDirectFeedThrough (S, INPUT_PORT_-SZ_.SCALE, 1);
ssSetInputPortWidth (S, INPUT_PORT.ALLOW_PLAN, 1);
ssSetInputPortRequiredContiguous (S, INPUT_.PORT_ALLOW_PLAN,

ssSetInputPortDirectFeedThrough (S, INPUT_.PORT-ALLOW_PLAN,

// Time

ssSetInputPortWidth (S, INPUT_.PORT.TIME, 1);
ssSetInputPortRequiredContiguous (S, INPUT_PORT.TIME, true);
ssSetInputPortDirectFeedThrough (S, INPUT_PORT.TIME, 1);

/7
if

Output ports
(!'ssSetNumOutputPorts (S, NUM_OUTPUT_PORTS)) return;

true);

1);

true);

true);

/xdirect

true);

input signal access %/

/«direct input signal access s/

direct

input signal access %/

/«direct input signal access x/

true); /=

direct input signal access s/

/«direct input signal access s/

); /xdirect input signal access /

/«direct input signal access */

); /xdirect input signal access =/

true); /«direct input signal access =/

1);

1)

true); /=

1:

/xdirect
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/xdirect

/xdi

/«direct input signal access s/

/sdirect input signal access s/

/xdirect

input signal access %/

input signal access =/

rect input signal access x/

direct

input

input signal access %/

signal access =/
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236

ssSetOutputPortWidth (S, OUTPUT-PORT-WAYPOINTNUMBER, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT-WAYPOINT_TARGET, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT-WAYPOINT_-ARRAY, WAYPOINT_ARRAY_SIZE«5);
ssSetOutputPortWidth (S, OUTPUT_-PORT-WAYPOINT_.UPDATE, 1);
ssSetOutputPortWidth (S, OUTPUT_PORT.CAP_STATE, 1);

ssSetOutputPortWidth (S, OUTPUT_PORT.CAP.TIME, 1);

ssSetNumSampleTimes (S, 1);
ssSetNumRWork (S, 0);
ssSetNumIWork (S, 0);
ssSetNumPWork (S, NUMPWORKS) ;
ssSetNumModes (S, 0);
ssSetNumNonsampledZCs (S, 0);

/% Specify the sim state compliance to be same as a built—in block =/

ssSetSimStateCompliance (S, USE.DEFAULT_SIM_STATE);

ssSetOptions (S, 0);

static void mdlInitializeSampleTimes (SimStruct =S)

{

ssSetSampleTime (S, 0, CONTINUOUS_SAMPLE_TIME);
ssSetOffsetTime (S, 0, 0.0);

#define MDL.START /+ Change to #undef to remove function =/
#if defined (MDL.START)

{

static void mdlStart(SimStruct =S)

{

}

the

ssGetPWork (S)[PWORK.CAP] = (void =) new capClass; // store new capClass pointer in

capClass* myCapPtr = getCapPtr;

double dt = GET.SFUN_VAL(SFUN_PARAM.DT);

myCapPtr—>setDt (dt);

#endif /x MDL.START =/
static void mdlOutputs(SimStruct =S, int_T tid)

// Process input values for easy access
double ownPn = GET-INPUT_.VAL (INPUT_-PORT_-OWN_PN ) ;
double ownPe = GET_INPUT_VAL (INPUT_PORT-OWN_PE ) ;
double ownAltitude = GET_INPUT_VAL (INPUT_PORT_-OWN_ALTITUDE ) ;
double ownCourse = GET.INPUT_VAL (INPUT_.PORT_-OWN_COURSE) ;
double ownAirspeed = GET_INPUT_VAL (INPUT_.PORT_.OWN_AIRSPEED ) ;
double intPresent = GET_INPUT_VAL (INPUT_PORT_INT_PRESENT ) ;
double intPn = GET_INPUT_VAL (INPUT_PORT.INT_PN ) ;
double intPe = GET.INPUT_.VAL (INPUT_PORT_INT_PE ) ;
double intAltitude = GET_INPUT_VAL (INPUT_PORT_INT_ALTITUDE ) ;
double intCourse = GETINPUT_VAL (INPUT_PORT.INT.COURSE ) ;
double intAirspeed = GET_INPUT_VAL (INPUT_PORT_INT_AIRSPEED ) ;
const real_Tx* intEstCov = ssGetlnputPortRealSignal (S,INPUT_PORT_.INT_ESTIMATE_COV );
double intPnCov = intEstCov [0];
double intPeCov = intEstCov [1];
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237 double intCourseCov = intEstCov [2];

238 double intAirspeedCov = intEstCov[3];

239 double intGoodEst = intEstCov [4];

240

241 double numWaypoints = GET_INPUT_VAL (INPUT_.PORT_-WAYPOINT.NUM ) ;

242 double targetWaypoint = GET-INPUT_VAL (INPUT_PORT_-WAYPOINT_TARGET ) ;

243 const real T+ wptTemp = ssGetlnputPortRealSignal (S,INPUT.PORT-WAYPOINT_-ARRAY ) ;
244 double updateWaypoints = GET_INPUT_VAL (INPUT_PORT_-WAYPOINT_UPDATE ) ;

245

246 double branchTime = GET_INPUT_VAL (INPUT_PORT_BRANCH.TIME ) ;

247 double branchNumber GET_INPUT_-VAL (INPUT_.PORT_.BRANCH.NUMBER ) ;
248 double branchAngle = GET_INPUT_VAL (INPUT_.PORT_BRANCH_ANGLE ) ;

249 double turnCost = GET_INPUT_VAL (INPUT_PORT_TURN_COST) ;

250

251 double szMin = GET_INPUT_VAL (INPUT_PORT_SZ_MIN ) ;

252 const real_Tx* szScale_ptr = ssGetInputPortRealSignal (S,INPUT_PORT_-SZ_SCALE);

253 std :: vector<double> szScale;

254 for (int i=0:;i<4;i++) { szScale.push_back(szScale_ptr[i]); }

255

256 double allowPlan = GET_INPUT_VAL (INPUT_PORT_ALLOW_PLAN)) ;

257 double time = GET.INPUT_.VAL (INPUT.PORT.TIME ) ;

258

259 // Get output pointers

260 double =wptNum_ptr = ssGetOutputPortRealSignal (S,OUTPUT_.PORT-WAYPOINT.NUMBER ) ;
261 double =wptTarget_ptr = ssGetOutputPortRealSignal (S,OUTPUT_.PORT_-WAYPOINT_TARGET) ;
262 double =wptArray_ptr = ssGetOutputPortRealSignal (S,OUTPUT_PORT-WAYPOINT_ARRAY ) ;
263 double =wptUpdate_ptr = ssGetOutputPortRealSignal (S,OUTPUT_.PORT_-WAYPOINT_UPDATE) ;
264 double xcapState_ptr = ssGetOutputPortRealSignal (S,OUTPUT-PORT-CAP_STATE) ;

265 double scapTime._ptr = ssGetOutputPortRealSignal (S,OUTPUT_PORT_CAP_TIME ) ;

266

267 // Get CAP Pointer

268 capClass* myCapPtr = getCapPtr;

269

270 // Populate Waypoint Array && change updateWaypoints to bool

271 std :: vector<waypoint> waypointArray = myCapPtr—>createWaypointArray (wptTemp);

272

273 // Main function calls

274 myCapPtr—>setSafetyFeatures ((allowPlan==1),true);

275 myCapPtr—>setupSZ (szMin, szScale);

276 myCapPtr—>setupTree ((int)branchNumber, branchAngle, branchTime, turnCost);

277 myCapPtr—>updateTime (time );

278 myCapPtr—>updateOwnship (ownPn, ownPe, ownAltitude , ownCourse, ownAirspeed);

279 myCapPtr—>updateIntruder ((intPresent != 0), (intGoodEst != 0), intPn, intPe, intAltitude , intCourse, intAirspeed,
280 intPnCov, intPeCov, intCourseCov, intAirspeedCov);

281 myCapPtr—>updateOrigWaypoints ((int)numWaypoints, (int)targetWaypoint, waypointArray , (updateWaypoints == 1));
282 myCapPtr—>runCAP () ;

283

284 // Set outputs

285 #wptNum_ptr = myCapPtr—>getWaypointNum ();

286 swptTarget_ptr = myCapPtr—>getWaypointTarget ();

287 wptArray waypoints = myCapPtr—>getWaypoints ();

288

289 for (unsigned int i=0; i<WAYPOINT_ARRAY_SIZE;i++)

290 {

291 wptArray._ptr[5%i+0] = waypoints(i).pNorth;

292 wptArray_ptr[5=i+1] = waypoints(i).pEast;

293 wptArray._ptr[5%i+2] = waypoints(i). altitude;

294 wptArray._ptr[5%i+3] = waypoints(i).approachAngle;

295 wptArray_ptr[5%i+4] = waypoints(i). airspeed;

296 }

297 swptUpdate_ptr = myCapPtr—>getWaypointUpdate ();
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scapState_ptr

xcapTime_ptr

myCapPtr—>getCapState ();

myCapPtr—>getCapTime ();

static void mdlTerminate (SimStruct *S)

{
capClass* capPtr = getCapPtr;
delete capPtr;

}

/

# Required S—function

trailer =

*/

#ifdef MATLABMEX_FILE
#include ”simulink.c”
#else

#include “cg_sfun.h”

#endif

/# Is this file being compiled as a MEX—file?

/« MEX-file interface mechanism =/

/% Code generation

registration function

90

#/

#/



