Software development for
nanosatellite microcontrollers



Microcomputer

:fqow era
integrated
electronies



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?



Approaches:

« User’s specific solution
 Embedded computer
 Mezzanine boards



Embedded computer

Extreme Rugged™ PCI-104 Single Board Computer
with Intel Atom® Processor SoC

Features

® Quad-core Intel Atom® Processor SoC

® Upto 4GB DDR3L at 1333MHz

® Supports VGA and LVDS

® 2x GbE

® 1x SATA 3Gb/s (optional 2x SATA), 3x USB 2.0, 8x GPIO

® Extreme Rugged™ operating temperature: -40°C to +85°C
® Supports Smart Embedded Management Agent (SEMA)
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Specifications

Specifications

« 1/O Interfaces = Mechanical and Environmental

UsB Form Factor
3x USBE 2.0 (1x on mSATA) PC/104 Version 2.6
SATA Dimension

1x SATA 3Gbyfs shared with mSATA (optional Znd SATA 3GE/s port wyio mSATA
support)

GPIO
Bx

Serial
2% RS-232/422 (with Full handshake) + 2x RS-232/422 (T, RX,CT5RTS only)

Power
Standard Input
ATX = 5W+5% [ 5Wsb £5% or AT = 5V+5%

Management
ACPI 5.0 compliant

Power States
C1-C6, 50, 53, 54, 55 (Wake on USBE 53/54, Wake on LAN 53/54/55)

ECO mode

supports deep 55 for power saving

Operation System
Standard Support
Windows® 7/8 32/64-bit, Linux 32/64-bit

Extended Support (BSP)
WEST/8, WECT, Linux, QNX, ViWorks

90 mm x 96 mm

Operating Temperature
Standard: 0°C to +60°C
Extended Temperature: -30°C to 85°C (SKU dependent, by screening)

Humidity
5-90% RH operating, non-condensing
5-95% RH storage (and operating with conformal coating)

Shock and Vibration
IEC 60068-2-64 and |[EC-60068-2-27

MIL-STD-202F, Method 2138, Table 2134, Condition A and Method 2144,
Table 214, Condition D

HALT
Thermal Stress, Vibration Stress, Thermal Shock and Combined Test

Intelligent Middleware r
SEMA® OEMA
Local management, control of embedded computer systems

Extended EAPI for monitoring, controlling and analytics applications

Multiple 05 support and across platforms (xB6, ARM)



Mezzanine boards

Key Features

« Rabbit® 2000 microprocessor
i@ 44.2 MHz

« 32 MBE NAND Flash

« Supports up to 128 MB of
hot-swappable memory

+ 512K Flash/512K SRAM

« 10/100Base-T, RJ-45 port
« 52 parallel digital I/O

= 6 serial ports

« 33V (with 5 V-tolerant [/Q)

+ Small footprint

Powvar 215-345V DC 250 mA & 44.2 MHz, 3.3V
Operating Tempearatura 0" Cto4+700 C
Hurmidity 5% to 95%, non-condensing

Two 2 =17, 2 mm pitch
Connectors Cne 2 x 5 for programming with 1.27 mm pitch
Cnie xD-Picture Card slot (RCM2365/RCMI375)



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

System capability &
performance

ARM||™

ARMOTEHE series
ARM920T™,
™
ARM940T ARM946™,
ARM966™
ARM7™ series
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ortex-AlS5 Cc
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Application

processors

(with MMU,
support Linux,
MS mobile OS)
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Cortex-Al7 Cortex-A32
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ARM Cortex Processors

Cortex-Al2

Real Time
processors

Microcontrollers
and deeply
embedded

11



MIPS Cores

Classic MIPS Products

MP version

" Dual issue CPU

MP version

| Multi-threaded
~~~~~~~~~~~~ *  9-stage pipeline

8-stage pipeline
with DSP ASE

. MCU/MPU
5 stage pipeline microMIPS ISA

(Microchip)

Aptiv™ Generation ———

proAptiv™

Bonded triple-dispatch
. superscalar Out-of-Order CPU
Family Enhanced Virtual Address
(EVA), high-speed FPU,
Per Core: high-performance CM+L2$
4 4 CoreMark/MHz 126 core versions

3.5 DMIPS/MHZ

interAptiv™ _
Multi-threaded core,

Famil : ECC, EVA, low power,
y high-1,>erformancep¢M+L2$,
Por.Coro: 24 core versions
3.2 CoreMark/MHz

1.7 DMIPS/MHZ

microAptiV"“

Real-time CPU with

Family DSP and SIMD for
microcontrollers and
deeply embedded
3.1 CoreMark/MHz applications

1.57 DMIPS/MHZ

12



Maybe DSP ?



1 5 SYSTEM CONTROL BLOCKS
|

L2 MEMORY

EXTERNAL BUS
INTERFACES

HARDWARE
FUNCTIONS

PERIPHERALS

3
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Or FPGA?
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MicroBlaze Architecture

Instruction-side
bus interface

Data-side

Memory Management Unit (MMU)

DTLE

bus interface
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Zynd-7000 AP SoC Block Diagram
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Zynd-7/000 configuration

ZYNQ7 Processing System (5.5)

© Documentation %¥ Presets
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ZYNQ ULTRASCALE

Module 1

A low-computation task

Module 5

A multimedia task

Module 2

The device operating system

Module 6

A task that processes a
stream of continuous data

Module 3

Module 7

A real-time task

A multimedia task

Module 8

Module 4

A task with time-sensitive data

Atask that can be paralelised
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PS UltraScale+ Block Design
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CORTEX FAMILY



ARM Cortex-M0 Processor

= The smallest, lowest power ARM processor ever

A third of the area of ARM7TDMI-S
85 yW/MHz, 12K gates *

Von-Neumann bus architecture
3-stage pipeline
Delivers 0.9 DMIPS/MHz

Configurable nested vectored interrupt controller
(NVIC)

Optional Wake-up Interrupt Controller (WIC)
Configurable Debug

Binary and tools upwards compatible with ARM
Cortex-M3 processor
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Introduction to Cortex-M3 Processor

= Cortex-M3 Architecture
= Harvard bus architecture
= 3-stage pipeline with branch speculation
= |ntegrated bus matrix

= Configurable nested vectored interrupt
controller (NVIC)

= Advanced configurable debug and trace
components

Optional components for specific market
requirements:

- = Wake-up Interrupt Controller (WIC)*
: - = Memory Protection Unit (MPU)

= Embedded Trace Macrocell (ETM)

= Fault Robust Interface*
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! _ 1 ‘Serial wire
protectionunit | . viewer

Memory

Bus Matrix
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CORTEX-M CORES

Cortex- Cortex- Cortex- Cortex- Cortex- Cortex- Cortex- Cortex-

Feat Cortex-M7
eature MO MO+ M1 M23 M3 M4 M33  M3sp et
Instruction set architecture Armve-M Armve-M Armve-M M mvzem armvzem ATMVBME Arme-M Armv7-M
Baseline Mainline  Mainline
0.87- 0.95- 1.25- 1.25-
* =
DMIPS/MHz range 197 136 0.8 0.99 189 195 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 Yes Yes Yes Yes Yes
Memory Protection Unit (MPU) No (option) No (option) (option)  (option) (option)  (option) Yes (option)
(2% (2% (2%
DSP No No No No No Yes ves ves Yes
(option)  (option)
Yes Yes Yes ves
Floating point hardware No No No No No (option  (option  (option (option SP +
SP) SP) SP) DP)
Yes .
(option 2- Yes (option 4-
16kB 64kB
Built-in Caches No No No No No No No
I-cache, D -
I-cache
cache)
.. AHB Lite, : AHB5, AHB Lite, AHB Lite, AXI14, AHB Lite,
Bus protocol AHB Lite Fast 1/0 AHB Lite Fast /O APB APB AHB5 AHB5 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
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The Evolution of the Cortex-M Series

_ Cortex-M3 Cortex-M4 Cortex-M7 Traditional
DSP

Single cycle MAC Fixed-point Fixed and

only floating-point
Floating-point Y Y Y
Fractional and saturating Y Y Y
math
SIMD operations Y Y Y
Load and store in parallel Y Y
with math
Zero overhead loops Y Y
Accumulator with guard Y
bits
Circular and bit-reversed Y
addressing

25



Bit field manipulations

Advanced data processing




ARM Cortex-M7 — Dual-issue
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Load and store In parallel with arithmetic
+ Cortex®-M7 core

* Memory access possible without penalty

Interleave memory
accesses with computation

. \( \( N g—

Execute

Decode || Issue (2x 321)

8 HEN -
------ EEN -

- . ..... ~

o4 = | T

1 DECODE \‘Q DECODE

32-bit

28



Processor

Cortex-A5 Cortex-A7 Cortex-Ag Cortex-A3 Cortex-A12 Cortex-A15

Release date Dec 2009 Oct 2011 July 2006 March 2008 June 2013 Apnl 2011
Typical clock ~1GHz ~1GHz on ~1GHz on ~2GHz on ~2GHz on ~2.5GHz on
speed 28nm 65nm 40nm 28nm 28nm
Execution order  In-order In-order In-order Out of order Out of order  Out of order
Cores l1to4 1to4 1 1to4 1to4 lto4
Peak integer L6DMIPS/ 19DMIPS/ 2DMIPSMHz 25DMIPS/M  3.0DMIPS/ 3. 5DMIPS/
throughput MHz MH=z Hz MHz MHz

Pipeline stages 8 8 13 Oto 12 11 15+

Instructions 1 Parfial dual 2 2 2 3

decoded per 1551e (Superscalar) (Superscalar)  (Superscalar) (Superscalar)

cycle

Floating Point Optional Yes Yes Optional Yes Optional

Tt
AMBA 64-bit 128-bit 64 or 128-bit 2= 64-bit 128-bit 128-bit
mterface AMBA 3 AMBA 4 AMBA 3 AMBA 3 AMBA 4 AMBA 4
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Start
(reset)

CORTEX MCU Modes

Exception Privileged
axlt handler
Exception
Privileged Exception
thread exit

Program of
CONTROL
register
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CORTEX Operation

modes
_ Reprogram
Switch to user CONTROL
Privileged made by writing register
handler to CONTROL xceptm Fmeptm,ﬂ
register "‘| handler | \_handler |
________ i __________I e _ I__________IlL_________;'IIII__________
Privileged (" Starting ) | I'. |
thread ( coda fh"n | Exception \
________ A '

. Privileged

| | Exception L"'*( thre;;gd
a,l______:__.'L ___________ T_: _____ I

User thread "a-[ User

Switching of Operation Mode by Programming the Control Register or by Exceptions

Privileged Exception| Exceptior tmn
handler _"'1 hangler,h, r"{ hangler
".
________________ ." __________T__________f'__________‘{_________'
Privileged [ Starting |  (Privileged \ o [Privileged|y / \ o Privileged
thread ( code 1 | re:;g Exception = threagda]" Exception - threa%
User thread
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Instruction pipeline

« Each instruction 1s processed i a number of

discrete steps

« Multiple instructions can be processed
simultaneously by starting processing of the next

instruction betore the last has finis|

Fetch
Decode

Execute

hed.

6 Instruction

| - n e
-
§ -
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Load-And-Store Architecture

The Cortex CPU is a RISC processor which has a load and store architecture. In order to perform data processing
instructions, the operands must be loaded into a central register file, the data operation must be performed on
these registers and the results then saved back to the memory store.

Mov M4, R

Mov M2, R
| M2 272 Add R4, R1 Ro (R4 = R1 + Ro)
l M3 Mov Rgq, M3 >
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ARM Memory organisation

Bit 31 BitO

LSB MSE

Bit 31 BitO
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Phase Locked Loop

I
| 156 to 320 MHz | 1010 60 MAz ),
| Fosc*2*M*P_J Fosc*M
I
: Fosc = |
XTAL1 cCo |
Phase Current ¢ cclk |
1 Oscillator » Controlled M +P I
Detector :
T e Oscillator I
I
XTAL2 | Divider |
\ Value I Default: 4 I I
10 to 25 MHz |
- 5 VPB |
1 to 30 MHz M | ovider 2K
L without PLL ) +1/2/4 :
1
: Multiplier Value :
e e e J



Programming tips
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Programming tips

e

no yes

».d
Ll B
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Programming tips

o
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Sharing functionality
B )

Flag reset

Flag Fset | F 2 e

F reset
v false
( return ) v
processing

Handler
Main program



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) —
QONX, FreeRTOS, Salvo, uC/OS etc.
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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 Engineered to guarantee:
designed to offer strict guarantees of: « availability
 availability (how often the system responds < reliability
to requests in a timely manner)
« reliability (how often these responses are
correct)
F[Qp
IRﬂ[l
&
Tasks | gz
Prionty 2 am
Tasks
Prionty 1
Tasks NN

Priority 0 ===
» TiMme




VDK
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Thread Domain

software/kernel
sc heduling is

based on
thread priority

Drivers

Interrupt

i

Thread
selected

Scheduler

AllISRs

complete and

no change
of state

ISR Domain

hardware
scheduling is

based on
interrupt priority

AllISRs
complete and
state changed

Device Flags

AllISRs complete
and DD activated

Device
Drivers




