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Software development for 

nanosatellite microcontrollers 
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Microcomputer
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Main problems

• What tasks has our computer to execute?

• What kind of processor is the most 

suitable for us?

• Do we need an operating system?

• What language will we use for 

programming?
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Approaches:

• User’s specific solution

• Embedded computer

• Mezzanine boards
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Embedded computer
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Composition
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Specifications
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Mezzanine boards
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CPUs and MCUs



ARM (Advanced RISC Machines )

• Founded in 1990 as a joint 

venture of Apple Computer 

and Acorn Computer 

• In 1991 displated ARM6™

(Armv3)

• In 2006 - ARMv7-M 

(CORTEX-M3)
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ARM ARCHITECTURES



MIPS Cores (Microchip)
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Maybe DSP ?
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Or FPGA?
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Zynq-7000 AP SoC Block Diagram
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Zynq-7000 configuration
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ZYNQ ULTRASCALE
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Configuration

20



CORTEX FAMILY
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Feature 
Cortex-

M0

Cortex-

M0+

Cortex-

M1

Cortex-

M23

Cortex-

M3

Cortex-

M4 

Cortex-

M33

Cortex-

M35P 
Cortex-M7 

Instruction set architecture  Armv6-M Armv6-M Armv6-M
Armv8-M 

Baseline 
Armv7-M Armv7-M

Armv8-M 

Mainline

Armv8-M 

Mainline
Armv7-M

DMIPS/MHz range*
0.87-

1.27 

0.95-

1.36 
0.8 0.99 

1.25-

1.89 

1.25-

1.95 
1.5  1.5  2.14-3.23

CoreMark®/MHz* 2.33 2.46  1.85 2.5 3.34 3.42  4.02 4.02 5.01

Pipeline stages 3  2  3  2  3  3  3  3  6 

Yes 

(option)

Yes 

(option)

Yes 

(option)

(2 x)  (2 x)  (2 x) 

DSP  No  No  No  No  No Yes 
Yes 

(option)

Yes 

(option) 
Yes 

Yes

(option SP + 

DP) 

Yes 

(option 2- 

16kB

Yes (option 4-

64kB 

 I-cache
I-cache, D -

cache) 

Bus protocol AHB Lite 
AHB Lite, 

Fast I/O 
AHB Lite 

AHB5, 

Fast I/O 

AHB Lite, 

APB  

AHB Lite, 

APB 
AHB5  AHB5

AXI4, AHB Lite, 

APB, TCM

Maximum # external interrupts 32  32  32  240  240  240  480 480 240  

Hardware divide  No No  No  Yes  Yes  Yes  Yes  Yes Yes 

Built-in Caches  NoNoNoNo No No No

Yes 

(option 

SP)

Yes 

(option 

SP) 

Yes 

(option 

SP) 

Floating point hardware  No No  No  No  No

Yes (option) Memory Protection Unit (MPU)  No 
Yes 

(option)
No 

Yes 

(option) 

Yes 

(option) 

CORTEX-M CORES
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CORTEX MCU Modes
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CORTEX Operation modes
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Load-And-Store Architecture
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Phase Locked Loop

XTAL1

XTAL2

Phase 

Detector

Divider

Value

FOSC

Multiplier Value

FCCO

cclk

pclk
÷ M

VPB

Divider

÷ 1/2/4

÷ P

Current 

Controlled

Oscillator

Oscillator

156 to 320 MHz

Fosc * 2 * M * P

10 to 60 MHz

Fosc * M

1 to 30 MHz

without PLL

10 to 25 MHz
Default: 4
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Programming tips
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Programming tips

В

Initialization

?
yesno

process 1 process 2

process 3
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Programming tips

В

Initialization

Sleep !



Sharing functionality

В

Flag reset

Flag F set

return

Handler

F ?
F reset

processing

true

false

Main program
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• Do we need an operating 

system?
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Operating systems
Advantages:

• Developer can use built-in features;

• Less software dependency on hardware;

• Interfaces;

• Multitasking and protection.

Drawbacks:

• Code size increases;

• Efficiency can decrease;

• Dependency on OS principles and features.
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Operating systems

• General purpose operating systems 

(GPOS) – Windows, Unix, etc.

• Real-time operating systems (RTOS) –

QNX, FreeRTOS, Salvo, uC/OS etc.



OPERATING SYSTEM
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Operating systems

General purpose operating systems (GPOS) Real-time operating systems 

(RTOS) 

Windows, Unix, Linux, etc. QNX, FreeRTOS, Salvo, uC/OS 

etc.

Designed to do many things but are not 

designed to offer strict guarantees of:

• availability (how often the system responds 

to requests in a timely manner)

• reliability (how often these responses are 

correct)

Engineered to guarantee:

• availability

• reliability



VDK



Drivers


