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Abstract: This paper brings forward a new technique to modify parameters online achieved by RTW for real-
time simulation of UAV flight control sensor system, because RTX is unable to modify parameter online 
directly. The interface is C-API. By collecting model parameters and signal information, we set several 
programs in the simulations target to modify sensor model parameters about UAV flight control sensor system, 
including INS, vertical gyroscope and magnetic heading sensor. The simulation host transfers data with the 
simulation target by using shared memory. Then the main process achieves the function of modifying parameter 
online, thus improving the efficiency of simulation. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Using Matlab Simulink modeling toolbox to 
execute graphical modeling and simulation can not 
only simplify the control system design and 
simulation process, but also improve visualization 
and simulation integration. But the simulation of 
Simulink is not a real-time simulation. For this 
Matlab provides RTW (Real-Time Workshop) to 
achieve real-time simulation function. RTW can be 
generated optimized, portable and customizable 
ANSI C code from Simulink model. Using it can 
produce real-time code running under RTX. In order 
to verify the correctness of the model and optimize 
the model during real-time simulation processing, we 
need to change parameter constantly. For non- real-
time simulation, changing the parameters only needs 

to open the corresponding model that parameters can 
be modified. But it has too much trouble to modify 
parameters in real-time simulation model based on 
RTX because the model has been transformed to C 
code automatically .We often need to stop the 
simulation, and after RTW generates code, we cannot 
adjust parameter during the simulation. So, we 
propose using the RTW provides data exchange 
interface C-API for collecting model parameters and 
signal information to adjust parameter online. 
Simulation model parameters and signal information 
can be sent to external applications under 
Windows.[1] Meanwhile the external application can 
also be carried out depending on user needs for 
achieve online parameter adjustment in the process of 
simulation.[10] We can greatly improve simulation 
efficiency, and can achieve fault injection functions. 
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2. RTW Real Time Toolbox 
 

a) RTW Profile. 
RTW is an extension function of Simulink. It can 

be automatically generated, packed, and compiled 
code from the model. By configuring RTW, we 
generate C code running under real-time model for 
different real-time operating system. We could 
provide an implementation approach for the Simulink 
model to run in real-time hardware system. RTW-
based real-time simulation can greatly reduce 
development costs and shorten the development  
cycle [2]. 

b) RTW code generation process. 
RTW code generation and creation process need 

to combine the system target file with template files. 
The system target files contain information about the 
target platform and develop the corresponding 
template file, and describe particularly how the user 
to select the target platform to generate code. The 
document consists of three parts: 1) the annotation 
section; 2) rtwoptions structure configuration;  
3) code generation. The annotation part mainly 
supplies templates files and code generation 
commands used during code generation. The 
rtwoptions structures are arranged mainly to 
complete the RTW configuration interface. And the 
code generation configuration specifies the path of 
code generation. On the other hand, RTW provides 
an inner template building file used to create a 
specific program. [12]The template building file 
gives the information of target platform and the 
simulation model that can guide binder program to 
compile and build programs from the source, library 
files, and user-defined modules. According to the 
system template file system.tmf, RTW could generate 
program binder file model.mk. Template building  
file is designed for a specific target environment 
platform [4]. 

For simplicity, we can build our own template file 
by changing an existing template. So we could make 
a personalized program creation process. After 
modifying system files and templates build target 
files, we can generate real-time applications that 
running under the target platform. If we want to 
exchange data with the other program, we must also 
modify the main framework document grt_main.c to 
achieve signal monitoring or online parameter 
adjustment. 
 
 

3. C-API Data Exchange Interface 
 

a)  C-API documentation generation process 
In practical applications, we often need to 

exchange data with some signals or parameters of 
simulation model that running under the RTX, which 
are generated form RTW. Its applications include 
signal monitoring display, parameter optimization 
changes and so on. By using the data interface C-API 
provided by RTW, we could change parameters, 
display signals easily when it is running on the 

Windows client application. [8] When we set up the 
C-API data interface, RTW could generate another 
two files model_capi.c and model_capi.h during 
simulation model compiled process. “Model” 
represents the model name. These two documents are 
located at the compiled path set in RTW. C-API 
source files model_capi.c includes information of 
global parameters and signals which are located at 
model generation files. C-API header file 
model_capi.h is the interface of model source files 
with C-API files. C-API function code generation 
process is shown in Fig. 1. 
 
 

 
 

Fig. 1. C-API code generation process. 
 
 

C-API file model_capi.c and model_capi.h 
provide the interface of external applications and 
simulation module. According to different needs, the 
data could be data of signal or parameter information. 
Each parameter or signal information is contained in 
the structure which include data names, data path in 
the module, data address, data type information, data 
dimensionality (scalar, vector or matrix), and the 
sampling time (only for signaling). The data type and 
data dimensions are stored in the form of index. 
According to the index values, we can get the data 
type in the dimensionality of the data structures and 
search for a specific data type and dimension. In this 
way, we could save memory space [9]. 

b) C-API data structures 
The file of model_capi.c contains information  

of global signal and parameter generated  
by RTW, which is mainly stored in several important 
structures, such as the signal structure 
rtwCAPI_Signals, module parameter structure 
rtwCAPI_BlockParameters, model parameter 
structure rtwCAPI_ModelParameters, data type 
structure rtwCAPI_DataTypeMap, and the data 
dimension structure rtwCAPI_Orientation. These 
structures are defined in matlabroot \ rtw \ c \ src \ 
rtw_capi.h. These structures are described  
below. 

Signal structure rtwCAPI_Signals: signal 
structure describes all the information of a signal 
defined in model. There are index of address, number 
of system identification, the module path, the signal 
name, port number, the data type index, the data 
dimension index, fixed-point index, and the sampling 
time index. 

Module parameter structure 
rtwCAPI_BlockParameters: describes specific 
information of parameter in module. There are 
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address index, the path of block parameters, 
parameter name, data type index, parameter 
dimension index, and fixed-point index. 

Model parameter structure 
rtwCAPI_ModelParameters: is similar to the 
structure of module parameters. But there is no block 
parameter path, because the parameter is within 
model. 

Data type structure rtwCAPI_DataTypeMap: 
describes data types of signal or parameter. There are 
data types defined in C language, data types defined 
in RTW, number of simple data included in the 
whole data, index in rtwCAPI_ElementMap, data 
types cited in Simulink, and whether it is a complex 
or a pointer. 

Dimensionality of the data structure 
rtwCAPI_Orientation uses the enumerating form for 
definition. It includes scalar, vector, matrix with rows 
bigger than columns, and matrix with column bigger 
than rows. 

In addition, rtwCAPI_ModelMappingInfo is an 
important structure to achieve online parameter 
adjustment. It is defined in the model.h and it covers 
all the information related with signals and 
parameters of the model. According to differences of 
models, C -API source file model_capi.c also 
generate the corresponding structures. So a mapping 
relationship is established between the simulation 
model and the C-API document. 
 
 

4. Parameter Adjustment Online 
 
a) The process of parameter adjustment online. 
Commands of online parameter adjustment are 

produced by the host. The host receives model 
parameter information from the target side, and then 
gives the command of online parameter adjustment 
[3]. At the same time, the index of the parameter to 
modify the address and the new value are sent to the 
target machine. The target machine receives the 
instruction. The instruction is analyzed first, and if it 
is online parameter adjustment, then a new program 
will be created with the online parameter adjustment 
function to adjust parameter online. Process of 
parameter adjustment online shown in Fig. 2. 

b) The implementation of online parameter 
adjustment. 

As mentioned above, in order to achieve online 
parameter adjustment, the key is to get the pointer 
which is pointed at model structure in the main 
function, and then get adjustable parameter 
information. The parameter information is sent to the 
host side, and the parameter information will be 
displayed on the host side. Meanwhile on the host 
side we can get a real-time program after compiling 
and loading. After observing the changing of 
requested signal, we can optimize parameters 
according to the signal change. The parameter change 
commands will be sent via UDP port. When the main 
program receives the parameter adjustment 
command, it calls parameter adjustment function for 

online parameter adjustment. The premise of online 
parameter adjustment under RTX is to get 
information stored in the model structure 
rtwCAPI_ModelMappingInfo [6].  
 
 

 
 

Fig. 2. Online Scheduling Process. 
 
 
After get the pointer of information structure that 

points to the model structure, we have actually got all 
the signals and parameter information. And then we 
can get the adjustable parameter information by 
invoking the macro function, and store it in the 
shared memory, and then display it on the host. We 
change parameters according to different needs. 
Some of the key functions are shown below: 
1) GetTunableParaNum: gets the number of 
adjustable parameters. 
2) RtCreateSharedMemory: creates shared memory 
to store adjustable parameter information. 
3) FillParaInfoArray: stores the obtained parameter 
information in ONE_PARA_INFO structure. The 
structure contains the index of the parameter address, 
the path name of the block, parameter names and 
parameter values. 

In the model, each parameter has a unique address 
index of parameter, parameter adjustment online is 
using this only address index of parameter to find the 
parameters. When simulation is running, the target 
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machine receives the command to change the 
parameters sent from the host computer and extracts 
the address of the index and the values you want to 
update. And then we check module address index of 
each parameter [11]. If a parameter address index is 
the same with the received address index, then we 
change this parameter value corresponding to the 
index to the new value which is received. Since the 
structure of storage model is very complex, we can 
divide online parameters adjustment into two steps. 
The first step is to look up the address index values of 
the parameter which need to be modified. Based on 
the index corresponding to parameter types, the 
received new value will be converted into the 
requested type of data. Since the data is different in 
dimensions, the assignment process will also be 
different. For example, a scalar assignment only 
needs one statement, vector assignment is complex 
relatively. So in the second step we can use the 
subroutine for data assignment depending on 
different dimensionality. Meanwhile we can improve 
program modularity and enhance readability [7]. 
When the simulation model is relatively complex, 
there may be more parameters and signals. So when 
searching the parameter index it will take a long time 
and affect the normal conduct of real-time 
simulation. In order to achieve the purpose of real-
time, we can open a new high-priority program. So 
when receiving the command of parameter 
adjustment online, it can immediately go to the new 
program to perform online parameter adjustment to 
ensure the normal operation of real-time programs. 
The main program of changing parameters is shown 
in Fig. 3. 

 
 

 
 

Fig. 3. Online parameter adjustment process. 
 
 
5. Application and Validation 
 

To verify the online parameter adjustment 
environment, we can build a simple simulation model 
in Simulink. After the model was building, we select 

the data exchange interface as C-API mode in the 
simulation parameter configuration interface, 
configure signals and parameters, and set the 
simulation time for 20s. Then we compile the 
simulation model to generate the program with 
suffix. rtss running under RTX [5]. And then we load 
the model in the host side and click “Run”. When the 
program runs to 8s we choose a square signal. We 
can see the parameters of the signal amplitude, period 
and pulse width. We modify any of the parameters in 
the modulation parameters shown in Fig. 4.  
 
 

 
 

Fig. 4. Online parameter adjustment interface. 
 
 
We click the amplitude of the parameters and can see 
the amplitude of the current parameter is 1. Then we 
type the new amplitude 5 in the text box. After that 
we click “Change parameter”, and we can see the 
change of a square signal shown in Fig. 5. 
 
 

 
 

Fig. 5. Shows the simulation results online  
parameter adjustment. 

 
 
6. Conclusions 

 
By the C-API data interface generated from RTW, 
we can have access to the signal and parameter 
information of the simulation model. We modify the 
main frame files and control simulation process to 
achieve the simulation process of online parameter 
adjustment. In this way, we solve the problem of 
code generation and compilation which are caused by 
parameter variations under RTX. And we also 
achieve the real-time online parameter adjustment 
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function. It provides a great convenience to the 
parameter adjustment of large and complex flight 
control simulation system. 
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