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CPE533 Real-Time Control Systems 

Warming Up Task: ARM Keil IDE, C Programming and CMSIS DSP 

  

Objective 

The objective of this task is to familiarize you with ARM-MDK Keil μVision IDE for ARM’s 

Cortex-M processors and refresh your programming skills for the EmbeddedC/C language. The 

task also aims to compare the performance of your C functions to the built-in functions in the 

(Cortex Microprocessor Software Interface Standard) CMSIS DSP library. We aim to let you 

quantitively identify when using such functions can be more efficient or possibly fall short in their 

performance. For the purpose of this task, we shall use the STM32F407GV processor in simulation 

mode. This processor has a hardware 32-bit floating point unit as well as a DSP unit. 

 

Preparation for the Tools needed 

In class, we have gone through the process of preparing a project for ARM processors in Keil. 

If you are having a problem in building a project on your own, either consult the Keil μVision 

manual or use the provided base project. Kindly note that the base project has been only tested with 

Keil μVision (version 5.28a). You can find the download link at the end of this document or at the 

Courses page on my website. You need to register on ARMs website before you have access to the 

download link. You can get a fully operational but code-limited version of the IDE which should 

be more than enough for the needs of this task. In addition to Keil μVision, we will also need to 

use MATLAB for data preparation and handling.  

 

The MATLAB Task 

In MATLAB, create two sine waves that span one period of 2π with an amplitude of one. The 

second sine wave signal is phase-shifted by π/2. Each wave should be fully represented by at most 

50 samples. Use MATLABs command ‘fi’ to create the fixed-point representation of each sine 

wave signal three times; all representations should be signed fixed-point, the first time use a fixed-

point format with 31 bits, then the second time 16 bits, and finally 8 bits. Only use one bit for the 

integer part. This format will correspond to the one used in CMSIS ARM DSP library that we have 

seen in class: q31, q15, and q7.  For more information on the syntax of the fi command and fi 

objects, use ‘doc fi’ or ‘help fi’ on MATLAB’s command window.  

 

For each of the sinusoidal signal pairs above that come in four different formats (floating point. 

q31, q15, and q7), use MATLAB’s convolution command to perform the convolution operation on 

the two signals. Once you compute and store the output of the four convolution operations, you 

need to compute the Mean Square Error (MSE) between each of the fixed-point convolution outputs, 

and the floating-point convolution output. The MSE is defined as: 

√(𝒙𝟏 − 𝒓𝟏)
𝟐 + (𝒙𝟐 − 𝒓𝟐)

𝟐 +⋯+ (𝒙𝒏 − 𝒓𝒏)
𝟐𝟐
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Remember that MATLAB can perform element-by-element operations on vectors and arrays, so 

many times you can avoid loops (vectorization). 

Note: The output of a fi command is a fi object. One of its fields is the converted fixed-point 

numbers as a string. You must use MATLABs string to numerical conversion commands before 

any operation on the fixed-point number. Exception (MATLAB convolution command can work 

with and return fi objects).  

 

Before you move to the next step, save the floating-point sinusoidal arrays into a C header file. 

 

The Task 
Use the same values of the two MATLAB floating point vectors to construct two C one-

dimensional arrays and save them into “arrays.h”. Do not forget to include the file in your project.  

1. Write your own C function to perform convolution on the two arrays.  

Keil has a stopwatch at the bottom left corner (t1: xxxx sec). Use breakpoints before and 

after your function, and right click on the Keil stopwatch to reset the watch once you reach 

the first breakpoint. Measure the execution time at the second breakpoint. 

2. Use CMSIS DSP library function to perform floating point convolution on the same C 

arrays. Measure the execution time. 

3. Convert your arrays into type q31_t (fixed point arithmetic) by using CMSIS DSP 

supporting functions (check the CMSIS DSP website below). Notice however that in some 

instances your values will be saturated to 0x00000000 or 0x7ffffff because the floating 

point values exceed the range -0.99 – +0.99. How do you propose to fix this situation? 

Once you fix the saturation issue, use CMSIS DSP fixed-point function to perform the 

convolution. Measure the execution time of this function both with and without the use of 

the supporting conversion functions.  

 

Downloads 
https://www.keil.com/demo/eval/arm.htm 

 

Resources: 
http://www.keil.com/pack/doc/CMSIS/DSP/html/index.html 

Check the other resources posted on the course page. 
 

Notes 

Once in Keil Debug Mode, place a breakpoint to the first instruction in main. Use the run 

command to reach main. Note that the debugger will go into some initialization code in C and 

some errors will show up like: 

*** error 65: access violation at 0x40023800 : no 'read' permission 

*** error 65: access violation at 0x40023800 : no 'write' permission 

This is expected as the C code is attempting to initialize hardware that does not exist and is not 

yet connected. Once you reach main, proceed normally.  

 

The printf function is enabled. To see the output in Debug Mode: View→Serial Windows→ 

Debug(printf) Viewer. 
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