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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)
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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.
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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)



CHALMERS | &%) UNIVERSITY OF GOTHENBURG

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.
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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.
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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
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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
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Laboratory assignment — Part 2

Single instrument:
— 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:

— 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:

— Play in canon form, with conductor role as above
— Conductor should be able to change tempo dynamically




Target
computer

MD407 card

Codelite

development system

GCC cross compiler
for ARM Cortex-M4

Console

Audio amplifier

CAN bus
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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, ...
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The MD407 computer card

The ARM processor family tree:

>

"Acorn Computers” "Apple Newton” "iPhone”
Cortex-R
Cortex-M4
Cortex-A
ARM11
ARMG6
ARM3
ARMA1
MOS 6502
1975 1980 1985 1990 1995 2000 2005 2010 2015
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STM32F407
block diagram:

CPU — Cortex-M4 core

UNIVERSITY OF GOTHENBURG

NJTRST, JTDI,
JTCKISWCLK

JTDO/SWD, JTDO

TRACECLK
TRACED[3:0]

MIl or RMIl as AF
MDIO as AF

DP,DM
ULPI:CK, D[7:0], DIR, STP, NXT

1D, VBUS, SOF

TIMS — used by TinyTimber

for high-resolution clock

bxCAN1 — available for your
connection to other cards

PA[15:0]

PBI[15:0]

PCl15:0]

PD[15:0]

5:0]

PF[15:0]

PGI[15:0]

PH[15:0]

PI[11:0]

USART1- connects to console

via USB debug port

DAC2 — available for your

sound generation

140 AF

D[7:0)
CMD, CK as AF

compl. channels (TIM1_CH1[1:4IN,
channels (TIM1_CH1[14]ETR,

KIN as AF

4 compl. chgels (TIM1_CH1[1:4]N,
4 channelsWg1_CH1[1:4]ETR,
BKIN as AF

2 chajg as AF

1 channel as Al
1 channel as AF

RX, TX, CK,
CTS, RTS as AF
RX, TX, CK,
CTS, RTS as AF
MOSI, MISO,
SCK, NSS as AF

VDDREF_ADC

8 analog inputs common
tothe 3ADCs

CCM data RAM 64 KB

External memory

CLK, NE [3:0], Al23:0],
D[31:0], OEN, WEN,
NBL[3:0], NL, NREG,
NWAIT/IORDY, CD
NIORD, IOWR, INT[2:3]
INTN, NIIS16 as AF

HSYNC, VSYNC
PUIXCLK, D[13:0]

oP
oM
ID, VBUS, SOF

3 VDD =181036V
vss

VCAP1, VCPA2

:> VDDA, VSSA
NRST

:> 0SC_IN
osc_ouT

tothe ADC1 & 2

8 analog inputs for ADC3

controller (FSMC)
JTAG& SW[  MPU KEE! srAM, PSRAM, NOR Flash,
ETM | _NVIC PC Card (ATA), NAND Flash
BUS
ARM Cortex-M4
168 MHz Laus Kt A
FPU ) " 3 Flash
@ sasky KT3ld e
Ethernet MAC DMA/ N <:> g° 1MB RNG
10100 FIFO D 8 o| camera
£ K=)[_sram112kB SIE|  interface
- e o N crAMteRe | =
& OTGHS rrok—=| £ K—p[__SRAMi6KE ] S
S E usB |z
E3 (L r
DMA2 BS"":I’F“; <1' AHB2 168 MHz L| OTGFs
DMA1 “5"?}2‘5 {; 7 L vop -+ Power managmt|
L
\'_
av @Voo
— POR Supply
GPIO PORT A Re HS reset | NS pervislon
e o PO;C/)%DR
GPIO PORT B | e cos -
GPIO PORT C
@Vonn @V
GPIO PORT D 1 [
4- 16MHz
GPIO PORT E Resel &
clock —
GPIO PORT F conteel
PWR
* * * o interface /
-1 @Vexr
8 § g XTAL 32 kH: -
GPIO PORT H kel o Al e
NN RTC
GPIO PORT | \ — AWU
w” Backup register
~ |[4 kB BKPSRA
~
TN TIMZ o
r
— TIM3 16b|
EXT IT. WKUP w2 o T TIME 9
0/MMC |2 k=) TIM5 32b)
TIM12 16b|
TIM1/ 160 [ TIM13 16b]
‘ N
TIM8/PWM 1 N v TIM14 16
USART2 smeard
\ irDAJ
TIMO 160]<ED] ) ToARTs e
2 -
TIMI0 100 [<=D) : — : —
o <= =
TIM11 160 [<=! ; _ £ UARTS
g USART <& B SP2I2S2
Ismcard %
EOARTS = M 1K= SP3/1253
VWSP” & TIM7 10 K=D| 12C1/SMBUS
e ™
Temperature sensor | [<] @Vorn \ 12C2/SMBUS
ADCT DACt N T2C3/SMBUS
T RAC2 bxCANT__[O
ADC3 L] bxCANZ |

VBAT =1.65103.6 V
0SC32_IN
0sC32_0UT
RTC_AF1
RTC_AF1

4 channels, ETR as AF
4 channels, ETR as AF
4 channels, ETR as AF
4 channels

2 channels as AF

1 channel as AF

1 channel as AF

RX, TX as AF
CTS, RTS as AF

RX, TX as AF
CTS, RTS as AF

RX, TX as AF

RX, TX as AF

MOSI/SD, MISO/SD_ext, SCKICK
NSS/WS, MCK as AF
MOSIISD, MISO/SD_ext, SCKICK
NSS/WS, MCK as AF

SCL, SDA, SMBA as AF
SCL, SDA, SMBA as AF
SCL, SDA, SMBA as AF
TX, RX

TX, RX

DAC1_OUT  DAC2_0UT
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STM32F407
processor registers:

Low registers

High registers

Stack Pointer
Link Register

Program Counter

RO

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

General-purpose registers

SP (R13)

pspt |

MSP*

LR (R14)

PC (R15)

PSR

PRIMASK

FAULTMASK

BASEPRI

CONTROL

Program status register

Exception mask registers

CONTROL register

ULPICK

UNIVERSITY OF GOTHENBURG

NJTRST, JTDI,
JTCKISWCLK

JTDO/SWD, JTDO

TRACECLK
TRACED[3:0]

Mil or RMIl as
mpIo¢RF

DP,DM
0], DIR, STP, NXT
1D, VBUS, SOF

PA[15:0]
PB[15:0]
PC[15:0]
PD[15:0]
PE[15:0]
PF[15:0]
PG[15:0]
PH[15:0]

PI[11:0]

*Banked version of SP

Special registers

140 AF

DI7:0]
ID, CK as AF

I_CH1[1:4IN,
SHITAETR,
BKIN as AF
I_CH1[1:4]N,
SH[14JETR,
BKIN as AF

annels as AF
nannel as AF

nannel as AF

RX, TX, CK,
CTS, RTS as AF
RX, TX, CK,
CTS, RTS as AF
MOSI, MISO,
SCK, NSS as AF

VDDREF_ADC

8 analog inputs common
tothe 3ADCs

8 analog inputs common
tothe ADC1 &2

8 analog inputs for ADC3

CCM data RAM 64 KB

External memory
controller (FSMC)

CLK, NE [3:0], A[23:0],
D[31:0], OEN, WEN,
NBL[3:0], NL, NREG,
NWAIT/IORDY, CD
NIORD, IOWR, INT[2:3]
INTN, NIIS16 as AF

HSYNC, VSYNC
PUIXCLK, D[13:0]
DP

oM

ID, VBUS, SOF

3 VDD=181036V
vss

VCAP1, VCPA2

:> VDDA, VSSA
NRST

:> 0SC_IN
osc_ouT

JTAG&SW[  MPU Kamms) SRAM, PSRAM, NOR Flash,
ETM | NVIC PC Card (ATA), NAND Flash
D-BUS
ARM Cortex-M4
’168 MHz raus K¢ > -
FPU @y Flash
sask—N K=|8}
\r v 22 up to NG
Ethernet MAC DMA/ N <:> £ 1MB
10/100 FIFO > o| Camera
£ K=)[_sram112kB FIE  interface
> UsB DMA/ £ w
& oTGHs rrok— & K——)__SRAM16KB S
v e usB |z
D 2 o2 x
DMA2 BS“F‘:’F“; <1' AHB2 168 MHz L| OTGFs
DMA1 “s"i’}?é {; 7 L vop -+ Power managmt|
L
\‘_
@Voo
@Vooa
| POR | Supply
GPIO PORT A o resety | supervision
RS LS i POR/PDR
- BOR
GPIO PORT B | e e cos K2
GPIO PORT C
@Vonn @V
GPIO PORT D o oa
4- 16MHz
GPIO PORT E Resel &
clock —
control
GPIO PORT F —
GPIO PORT G i interface /
389 e
233
GPIO PORT H e ke F| XTAL 32 kHz
RTC
GPIO PORT | — AW
w” Backup register
~ |[4 kB BKPSRA
TIM2 32b)
] TIM3 16b}
EXT IT. WKUP e ot Tiva o
TIM5 32b)
SDIO/MMC | & <=
TIM12 16b|
TIM1/PWM 160 [<=>) TIM13 16
A’ N
TIMB/PWM  1so|<>| | 4 TiM14 e
USART2 smeard]
TIM9 160 <ED| . CeArTs
F -
TIMI0 1o |<=D| £ — : —
8 <= =
TIM11 160 [<=! ; _ £ OARTS
[smcard ~
5 USARTY <= H SP2/12S2
Ismcard %
USARTS = Time 10K = SP3/1253
VWSPH = TiM7 160 K= 12C1/SMBUS
e
Temperature sensor | <= @Voor, 12C2/SMBUS
ADC1 DAC1 12C3/SMBUS
ADC2 IF |[<=>| DAC2 bxCANT [0
ADC3 - T T || BxCANZ |-

VBAT = 1651036V
0SC32_IN
0sC32_0UT
RTC_AF1
RTC_AF1

4 channels, ETR as AF
4 channels, ETR as AF
4 channels, ETR as AF
4 channels

2 channels as AF

1 channel as AF

1 channel as AF

RX, TX as AF
CTS, RTS as AF

RX, TX as AF
CTS, RTS as AF

RX, TX as AF
RX, TX as AF

MOSI/SD, MISO/SD_ext, SCKICK
NSS/WS, MCK as AF

MOSI/SD, MISO/SD_ext, SCK/CK
NSS/WS, MCK as AF

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

TX, RX

TX, RX

VoV

DAC1_OUT  DAC2_0UT
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S I M 3 2 F 4 O ; CCM data RAM 64 KB External memory CLK, NE [3:0], Al23:0],
NJTRST, JTDI, controller (FSMC) D[31:0), OEN, WEN,
JTCKISWCLK JTAG&SW[ __MPU KEE! srAM, PSRAM, NOR Flash, NBL[30] NL, NREG,
JTDOISWD, JTOG ETM__ | _NVIC PC Card (ATA), NAND Flash NWAIT/IOROY. B
TRACECLK NIORD, IOWR, INT[2:3]
address space:
= 168 MHz Laus Kt A
FPU ) ¢ é Zu Flash
SBUSKe v < g <] upto
Wil or RMI mj Ethernet MAC | owa/ = (=Dl % 1MB RNG
MDIO as AF 10/100 FIFO : : § [e] Camera HSYNC, VSYNC
OxFFFFFFFF N ) E — SRAM 112 KB E interface PUIXCLK, D[13:0]
DP, DM DMA/ £
ULPICK, DI7:0], DIR, STP, NXE| Z| oTGHs FiFo K¢ > H SRAM 16 KB o N op
Vendor-specific 0. vaus. SO — N % |2 usB % o
memory 511MB DMA2 8 Streams /\' AHB2 166 Mtz L| OTGFS | & D, VBUS, SOF
0xE0100000 DMA1 8 Sm,:r;né AHB1 108 Wiz vop -« Power managmt
. . L VDD=181036V
Private peripheral OXEOOFFFFF \4—:> vss
bus 1.0MB — VCAP1, VCPA2
0xE0000000 L
— Ul
OXDFFFFFFF PAlIS) GPIO PORT A 7o s ) st aupemision
1 RC LS —
PB[15:0] GPIO POMB o el Intg pogéF,;DR <::> EDDA, VSSA
-t NRST
PC[15:0] GPIO ﬁRT C P
@Voo
. @Voor
PO[15:0]
External device 1.0GB 9?(0 PORT D XTALOSC :>|fsc,w
PENS0) GPIO PORT E Reset& o seeo
N clock —
PF[15:0] GPIO PORT F control
= PWR -
OxAQ000000 PG[15:0] GPIOPORT G I3 interface VBAT= 1851036V
X ¥ 2 2 @Vasr /
/ 33 3 T GsCa2_IN
OX9FFFFFFF pHgf o) GPIO PORT H g e N r'W EJSCSLOUT
PI[11:0] - RTC
GPIO PORT | 1 AWU RTC_AF1
. Backup register RTC_AF1
~ ||4 KB BKPSRA|
External RAM 1.0GB TIM2 320] 4 channels, ETR as AF
| TIM3 16b) 4 channels, ETR as AF
140 AF EXT IT. WKUP DMA2 DMA1 TIM4 16b) 4 channels, ETR as AF
0x60000000 o, cxggfaﬂ SDIO/MMC |2 <= TIM5 321) 4 channels
X
Ox5FFFFEEF 4 compl. channels (TIM1_CH1[1:4]N, Tim12 = 2 chamee asAE
4 chamos TN1_CHIITAETR. TIMTTPWMreol<= | ; TMI3 e 1 chamel as AF
Peripher: ACOT';L:::;\QTTS\:;:T&H?:'4[;54712 TIM8/PWM  16b N vV TIM14 16b) 1 channel as AF
phera . <>
BKIN as AF USART2 smeard] RX, TX as AF
2 channels asAF Ve e irDA| CTS, RTS as AF
N 40000000 N USART3 smead g;('s,TéTa;:sFAF
1 channel as AF TIM10 160 [<=>| = =
OX3FFFFFFF H H UART4
1 channel as AF TIM11 160 <> & WWDG =D =
E
SRAM 0.5GB RX, TX, CK, e USART] < E UART5 RX, TX as AF
. CTS, RTS as AF irDA <> g MOSI/SD, MISO/SD_ext, SCKICK
RX, TX, CK, Sed o SP2/1282 NSS/WS, MCK as AF
CTS, RTS as AF USART6 <> TIM6 160 KCE>[ < SP312S3 MOSI/SD, MISO/SD_ext, SCKICK
0x20000000 MOSI, MISO, 5PN NSS/WS, MCK as AF
Ox1FFFFFEF SRS aeA T = M7 100> 12C1/SMBUS SCL, SDA, SMBA s AF
= m—
VDDREF_ADC Temperature sensor | [<=| @Voos 12C2/SMBUS SCL, SDA, SMBA as AF
8 analog inputs common
Code 0.5GB fothe SADCs ADC1 DAC1 12C3/SMBUS SCL. SDA, SMBA3s AF
o waegots ey Aocz_| I (<= DAG2 BT oK e
0x00000000 8 analog inputs for ADC3 &- — ﬁ ﬁ L bxCANZ | & T RX

VoV

DAC1_OUT  DAC2_0UT
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STM32F407
address space:

Vendor-specific
memory

511MB

OXFFFFFFFF

0xE0100000

Private peripheral

bus 1.0MB

OXEOOFFFFF
0xE0000000

External device 1.0GB

OXDFFFFFFF

0xA0000000

External RAM 1.0GB

OX9FFFFFFF

0x6000000

Peripheral 0.5GB

OX5FFFFF

0x40000000

SRAM 0.5GB

Code 0.5GB

OX3FFFFFFF

0x20000000

Monitor/debugger
stack and data

Relocated
exception vectors

User program stack

User program data

User program code

OX1FFFFFFF

0x00000000

0x2001FFFF

0x2001C400
0x2001C3FF

0x2001C000
0x2001BFFF

0x20000000



