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Laboratory assignment 

Organization: 
 The schedule 
–  The laboratory sessions run weekly, during the period from 

study week 2 to study week 7 
–  Each project group is guaranteed one session per week 

(extra sessions may be requested in later half of study period) 

 The parts 
–  The assignment consists of Part 0, Part 1 and Part 2 

–  Part 0 is expected to take 1 session to complete* 
–  Part 1 is expected to take 1−2 sessions to complete* 
–  Part 2 is expected to take 3−4 sessions to complete* 

(*Assuming you have prerequisite knowledge for the course) 



Laboratory assignment 

Basic prerequisites for approval: 
 Respecting the Rules of Conduct (see separate document) 
–  Contribute to your group (be present, be active) 
–  Respect the lab sessions (be on time, follow instructions) 
–  Respect the deadlines (submit report in time) 
–  Refrain from cheating (no use of other groups’ code) 

 Sufficient lab session attendance 
–  To guarantee sufficient interaction each project group is 

expected to attend at least four laboratory sessions, the 
first attendance being in study week 2. 

–  To allow for a fair grading both project group members 
must be present at each session the group attends. 



Laboratory assignment 

Grading of the ‘Laboratory’ course element: 
 The grade (U, 3, 4, 5) will reflect your practical skills at the 
laboratory sessions as well as your presentation skills. 
 The grade is determined by the following: 
–  The quality of laboratory performance 

•  sub-score is awarded* based on a set of four criteria 
•  sub-score sets a preliminary grade 

–  The quality of project report 
•  sub-score is awarded* based on a set of three criteria 
•  sub-score can potentially adjust the final grade 

(* See corresponding modules in Canvas for details) 



Laboratory assignment 

Laboratory performance sub-score criteria: 
 Implementation 
–  How many of the coding challenges in Part 2 that you can 

successfully implement and demonstrate. 

 Design 
–  How well you know the design and behavior of your code. 

 Debugging 
–  How well you identify, and solve, problems with your code. 

 Paradigm 
–  How well you understand, and make use of, the concurrent, 

object-oriented, reactive, timing-aware programming method. 



Laboratory assignment 

Project report sub-score criteria: 
 English language 
–  How well you handle vocabulary, spelling and grammar. 

 Document structure 
–  To what degree you include requested document sections. 
–  How well you handle the use of headings, sub-headings, 

paragraphing and sentence structure. 

 Technical content 
–  To what degree you include descriptive text and illustrations 

for your implementation of selected challenges in Part 2. 
–  To what degree you include argumentation for, and reflection 

on, your implementation of selected challenges in Part 2. 



Laboratory assignment – Part 0 

Getting started: 
–  Compile the template code using the cross compiler 
–  Upload the machine code to the target computer 

Interacting with the target computer: 
–  Take input from the workstation’s keyboard 
–  Generate output to the workstation’s console window 

Preparatory work for Part 1 and Part 2: 
–  Pre-compute periods for all tones that will be played 
–  Prepare data structures to allow a melody to be transposed 

to different keys 



Laboratory assignment – Part 1 

Tone generator: 
–  Generate a 1 kHz tone (square wave signal) and output it 

to the audio jack on the target computer 

Background load: 
–  Add a background task with a scalable load 
–  Experiment: disturb tone generator by increasing the load 
–  Repeat the experiment with deadline scheduling enabled 

Worst-case execution times: 
–  Measure the execution times of the program code in the  

tone generator task and the background load task 



Laboratory assignment – Part 2 

Single instrument: [each group individually] 
–  Capable to play tones in a 12-tone scale in different keys 

–  Capable to play the melody “Brother John”, and be able to 
change key and/or tempo while playing 

Basic orchestra: [collectively, with two or more computers] 
–  Capable to play “Brother John” in chorus form (unison), with 

one target computer being the orchestra leader (conductor) 
–  Conductor should be able to set initial key and tempo  

Advanced orchestra: [collectively] 
–  Play in canon form, with conductor role as above 
–  Conductor should be able to change tempo dynamically 



Target 
computer 

MD407 card 
Audio amplifier 

CAN bus 

Laboratory assignment – Setup 

CodeLite 
development system 

GCC cross compiler 
for ARM Cortex-M4 

Console 
USB 



The MD407 computer card 

STMicroelectronics’ STM32F407 microcontroller /w ARM Cortex-M4 core  



The MD407 computer card 

USB debug port Audio output jack 



The MD407 computer card 

Main CAN bus  Loopback CAN bus  



The MD407 computer card 

The STM32F407 microcontroller: 
Based on the ARM Cortex-M4 processor core 
–  168 MHz processor clock 

–  32-bit registers (data and address) 
–  16-bit instructions (Thumb) 

–  1 MB of Flash memory (for resident monitor/debugger) 
–  128 kB of RAM (for user programs) 

–  On-chip floating-point unit 

–  On-chip CAN modules, serial communications interfaces, 
parallel ports, digital-to-analog converters, high-resolution 
timers, ... 



The MD407 computer card 

The ARM processor family tree: 

1975 

MOS 6502 

”Acorn Computers” 

ARM1 

Cortex-A 

Cortex-M4 

”iPhone” 

1980 1985 1990 1995 2000 2005 2010 2015 

ARM6 

ARM3 

”Apple Newton” 

Cortex-R 

ARM11 
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2.2 Device overview

Figure 5. STM32F40x block diagram

1. The timers connected to APB2 are clocked from TIMxCLK up to 168 MHz, while the timers connected to 
APB1 are clocked from TIMxCLK either up to 84 MHz or 168 MHz, depending on TIMPRE bit configuration 
in the RCC_DCKCFGR register.

2. The camera interface and ethernet are available only on STM32F407xx devices.
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2.2 Device overview

Figure 5. STM32F40x block diagram

1. The timers connected to APB2 are clocked from TIMxCLK up to 168 MHz, while the timers connected to 
APB1 are clocked from TIMxCLK either up to 84 MHz or 168 MHz, depending on TIMPRE bit configuration 
in the RCC_DCKCFGR register.

2. The camera interface and ethernet are available only on STM32F407xx devices.
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2.1.3 Core registers 

Figure 2. Processor core registers

          

Table 2. Summary of processor mode, execution privilege level, and stack usage
Processor

mode
Used to
execute

Privilege level for
software execution Stack used

Thread Applications Privileged or unprivileged (1)

1. See CONTROL register on page 24.

Main stack or process stack (1)

Handler Exception handlers Always privileged Main stack

Table 3. Core register set summary 

Name Type (1) Required
privilege (2)

Reset
value Description

R0-R12 read-write Either Unknown General-purpose registers on page 18

MSP read-write Privileged See description Stack pointer on page 18

PSP read-write Either Unknown Stack pointer on page 18

LR read-write Either 0xFFFFFFFF Link register on page 18

PC read-write Either See description Program counter on page 18

SP (R13)

LR (R14)

PC (R15)

R5

R6

R7

R0

R1

R3

R4

R2

R10

R11

R12

R8

R9

Low registers

High registers

MSP‡PSP‡

PSR

PRIMASK

FAULTMASK

BASEPRI

CONTROL

General-purpose registers

Stack Pointer

Link Register  

Program Counter  

Program status register

Exception mask registers

CONTROL register

Special registers

‡Banked version of SP

ai15996

STM32F407 
processor registers: 



Description STM32F405xx, STM32F407xx

18/185 DocID022152 Rev 4

2.2 Device overview

Figure 5. STM32F40x block diagram

1. The timers connected to APB2 are clocked from TIMxCLK up to 168 MHz, while the timers connected to 
APB1 are clocked from TIMxCLK either up to 84 MHz or 168 MHz, depending on TIMPRE bit configuration 
in the RCC_DCKCFGR register.

2. The camera interface and ethernet are available only on STM32F407xx devices.
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2.2 Memory model
This section describes the processor memory map, the behavior of memory accesses, and 
the bit-banding features. The processor has a fixed memory map that provides up to 4 GB of 
addressable memory. 

Figure 8. Memory map

The regions for SRAM and peripherals include bit-band regions. Bit-banding provides 
atomic operations to bit data, see Section 2.2.5: Bit-banding on page 31.

The processor reserves regions of the Private peripheral bus (PPB) address range for core 
peripheral registers, see Section 4.1: About the STM32 Cortex-M4 core peripherals on 
page 178. 
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2.2 Memory model
This section describes the processor memory map, the behavior of memory accesses, and 
the bit-banding features. The processor has a fixed memory map that provides up to 4 GB of 
addressable memory. 

Figure 8. Memory map

The regions for SRAM and peripherals include bit-band regions. Bit-banding provides 
atomic operations to bit data, see Section 2.2.5: Bit-banding on page 31.

The processor reserves regions of the Private peripheral bus (PPB) address range for core 
peripheral registers, see Section 4.1: About the STM32 Cortex-M4 core peripherals on 
page 178. 
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