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CHAPTER 1

Introduction

The OBDH 2.0 is an On-Board Computer (OBC) module designed for nanosatellites.
It is one of the service modules developed for the GOLDS-UFSC CubeSat Mission [1].
The module is responsible for synchronizing actions and the data flow between other
modules (i.e., power module, communication module, payloads) and the Earth segment.
It packs the generated data into data frames and transmits it back to Earth through a
communication module or stores it on non-volatile memory for later retrieval. Commands
sent from the Earth segment to the CubeSat are received by radio transceivers located in
the communication module and redirected to the OBDH 2.0, which takes the appropriate
action or forward the commands to the target module.

The module is a direct upgrade from the OBDH of FloripaSat-1 [2], which grants a
flight heritage rating. The improvements focus on providing a cleaner and more generic
implementation compared to the previous version, along with more reliability in software
and hardware implementations and adaptations for the new mission requirements. The
whole project, including source and documentation files, is available freely on a GitHub
repository [3] under the GPLv3 license.

Figure 1.1: 3D view of the OBDH 2.0 PCB.






CHAPTER 2

System Overview

The board has an MSP430 low-power microcontroller that runs the firmware applica-
tion and several other peripherals for extended operation and physical interfaces (i.e.,
non-volatile memory, watchdog timer, service modules, payloads interfaces, daughterboard
interface, and current monitor). The microcontroller manages the other sub-modules within
the board using serial communication buses, synchronizes actions, handles communication
with the ground segment, and manages the data flow. The programming lanquage used
is C, and the firmware was developed using the Code Composer Studio IDE (a.k.a. CCS)
for compiling, programming and testing. The module has many tasks over distinct proto-
cols and time requirements, such as interfacing peripherals and other MCUs. To improve
predictability, a Real-Time Operating System (RTOS) is used to ensure that the dead-
lines are observed, even under a faulty situation in a routine. The RTOS chosen is the
FreeRTOS (v10.0.0), since it is designed for embedded systems applications and was al-
ready validated in space applications. The firmware architecture follows an abstraction
layer scheme to facilitate higher-level implementations and allow more portability across
different hardware platforms.

2.1 Product tree

The product tree of the OBDH 2.0 module is available in Figure 2.1.

2.2 Block Diagram

Figure 2.2 presents a simplified view of the module subsystems and interfaces. The mi-
crocontroller has a programming JTAG and 6 communication buses, divided into 3 different
protocols (12C, SPI, and UART), that is shared between all the peripherals and external
interfaces. Besides these channels, there are GPIO connections for various functions, from
control ports to status pins. There is a non-volatile memory device to store the satellite
data frames and critical status indicators. Some buffers and transceivers allow secure and
proper communication with external modules. A watchdog timer with a voltage monitor and
a current sensor is attached to the system to improve the overall reliability and generate
essential housekeeping data. There is a generic daughterboard interface for extending the
module capabilities with an auxiliary application board. Also, a UART debug interface
is directly connected to the microcontroller. More details and descriptions about these
components and interfaces are provided in chapter 3.

3



Chapter 2. System Overview

OBDH 2.0
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Figure 2.1: Product tree of the OBDH 2.0 module.

2.3 System Layers

As mentioned, the system is divided into abstraction layers to favor high-level firmware
implementations. The Figure 2.3 shows this scheme, composed of third-party drivers at
the lowest layer above the hardware, the operating system as the base building block of
the module, the devices handling implementation, and the application tasks in the highest
layer. More details are provided in chapter 4.

4



2.4. Operation
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Figure 2.2: OBDH 2.0 Block diagram.
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Figure 2.3: System layers.

2.4 Operation

The system operates through the sequential execution of routines (tasks in the context of
the operating system) that are scheduled and multiplexed over time. Each routine has
a priority and a periodicity, determining the subsequent execution, the set of functional-
ittes currently running, and the memory usage management. Besides this deterministic
scheduling system, the routines have communication channels with each other through

5



Chapter 2. System Overview

the usage of queues, which provides a robust synchronization scheme. In chapter 4 the
system operation and the internal nuances are described in detail. Then, this section uses
a top-view user perspective to describe the module operation.

2.4.1 Execution Flow

The OBDH 2.0 execution flowchart can be seen on Figure 2.4.
The boot sequence can be seen better on Figure 2.5.
The antenna deploy routine is exemplified with the flowchart on Figure 2.6.
The Telecommand's processing flowchart can be seen on Figure 2.7.
The Transmit/Receive sequence can be seen with the flowchart on Figure 2.8.

2.4.2 Data Flow

The OBDH 2.0 controls most of the CubeSat’s data flow, which can be seen on Figure 2.9.

2.4.3 Status LEDs

On the development version of the board, eight LEDs indicate some behaviors of the
systems. This set of LEDs can be seen on Figure 2.10.
A description of each of these LEDs are available below:

e D1 - System LED: Heartbeat of the system. Blinks at a frequency of 1 Hz when
the system is running properly.

e D2 - Fault LED: Indicates a critical fault in the system.

e D3 - UARTO TX: Blinks when data is being transmitted over the UARTO port.

e D4 - UARTO RX: Blinks when data is being received over the UARTO port.

e D5 - UART1 TX: Blinks when data is being transmitted over that UART1 port.

e D6 - UART1 RX: Blinks when data is being received over the UART1 port.

e D7 - Antenna VCC: Indicates that the antenna module board is being power sourced.

e D8 - OBDH VCC: Indicates that the OBDH board is being power sourced.

These LEDs are not mounted in the flight version of the module.




2.4. Operation
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Figure 2.4: OBDH 2.0 operation flowchart
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Figure 2.10: Available status LEDs.
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CHAPTER 3

Hardware

The OBDH 2.0 architecture focuses on the low-power operation and low-cost production,
maintaining performance and proposing different approaches to increase overall reliabil-
ity. Therefore, the board was developed using these criteria, and the changes from the
original design were necessary to improve bottlenecks and achieve the requirements of the
further space mission. The Figure 2.2 presents the module architecture from the hardware
perspective, including the main PCB components and interfaces: microcontroller, buffers,
transceivers, memory, watchdog and voltage monitor, and connectors. The following sec-
tions describe the hardware design, interfaces, and standards in detail. The Figures 3.1,
3.2, and 3.3 present 3D-rendered images of the top, bottom, and side views of the board,
respectively.
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Figure 3.1: Top side of the PCB.
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Figure 3.2: Bottom side of the PCB.

Figure 3.3: Side view of the PCB.

3.1 Interfaces

The Figure 3.4 presents the board interfaces, which consist of communication with other
modules, debug access points, and internal peripherals. From the perspective of the micro-
controller, there are 6 individual and shared communication buses and the JTAG interface
in the following scheme: AQ-SPI (shared with Radio, TTC, and external memory chip);
A1-UART (shared with redundant payloads); A2-UART (dedicated for debugging); BO-12C
(dedicated for the payload); B1-12C (dedicated for the EPS); B2-12C (dedicated for the
Antenna module). Currently, “Payload 1" and “Payload 2" are “Radiation instrument” and
“Payload EDC" respectively.

3.2 External Connectors

The external interfaces are connected to the microcontroller using different connector types:
EPS, TTC, Radio, and Payloads through PC-104; Antenna module with 6H header and 6P
picoblade connectors; JTAG through 14H header and 6P picoblade connectors; and debug
access using a dedicated 2H header and shared with the JTAG connectors. The following

14



3.2. External Connectors

Payload 1
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EPS
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Figure 3.4: Interfaces diagram.

Peripheral USCI Protocol Comm. Protocol
TTC A0 SPI Register read/write
Radio (downlink/link) A0 SPl Radio config./NGHam
NOR Memory A0 SPI -
FRAM Memory A0 SPI -
Payload port A1 UART -
PC (log messages) A2 UART ANSI messages
Payload port BO 12C -
EPS B1 12C Register read/write
Antenna Module B2 12C -

Table 3.1: Boards interfaces.

topics describe these interfaces and present the pinout of the connectors.

3.2.1

PC-104

The connector PC-104 is a junction of two double-row 28H headers (SSW-126-04-G-
D). These connectors create a solid 104-pin interconnection across the different satellite

"The communication protocol of the payload ports depends of the used payload.
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Chapter 3. Hardware

modules. The Figure 3.5 shows the PC-104 interface from the bottom side of the PCB,
which allows visualizing the simplified label scheme in the board. Also, the Table 3.2
provides the connector pinout? for the pins that are connected to the module.

- HWIO
'OOO

L
L

GPIO

OOO

TTC_SDI

HJIJ_EDICI

L

GND  ANT_UCC ADD_ SDI BﬂT ucc

[&]
5]
-
)
=
T
o

EBﬂH vcc

Figure 3.5: Bottom view of PC-104 and simplified labels

Pin [A-B] H1A H1B H2A H2B
12 - - - -
3-4 - - GPIO_4 GPIO_5
56 - - - -
7-8  GPIO_0 GPIO_1 - GPIO_6
9-10  GPIO_2 - - -
11-12 GPIO_3 GPIO_7 SPI_O_MOSI  SPI_0_CLK
13-14 - - SPI_0_CS_1  SPI_0_MISO
15-16 - - - -
17-18  UART_1_RX GPIO_8 - -
19-20  UART_1_TX GPIO_9 - -
21-22 - - - -
23-24 - - - -
25-26 - - - -
27-28 - - - -
29-30  GND GND GND GND
31-32  GND GND GND GND
33-34 - - - -
35-36 SPIO_CLK - VCC_3V3_ANT VCC_3V3_ANT
37-38 SPILO_MISO - - -
39-40  SPI_0_MOSI SPI_0_CS_0 - -
41-42  12C_0_SDA - - -
43-44  12C_0_SCL - - -
45-46  VCC_3V3 VCC_3V3  VCC_BAT VCC_BAT
47-48 - - - -
49-50 - - 12C_1_SDA -
51-52 - - 12C_1_SCL -

Table 3.2: PC-104 connector pinout.

°This pinout is simplified since additional interfaces were omitted. Refer to option sheet in chapter 5.
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3.2. External Connectors

3.2.2 Antenna Module

The communication with the Antenna module is performed through external connectors,
which are presented in the Figure 3.6. Both connectors have the same connections, but
the 3.6(a) (6H header) is used for development, and the 3.6(b) (6P picoblade) as the
connector for the flight model. This interface consists of a dedicated 12C, power supply,
and GPIO, described in the Table 3.3.

Pin Row

VCC_3V3_ANT
VCC_3V3_ANT
[2C_SDA
[2C_SCL

GPIO

GND

DOl WhN =

Table 3.3: Antenna module connectors pinout.

ANT_UCC
ANT_UCC
I12C_sDA

I2C_sCL
GPIO
GND

(@) Debug in- (b) Main interface of
terface of the the antenna module.
antenna mod-

ule.

Figure 3.6: Antenna module conectors.

3.2.3 Programmer and Debug

The interface with the microcontroller programmer is performed through external connec-
tors, which are presented in the Figure 3.7. Both connectors have the same JTAG and
UART interfaces. However, the 14H header is used during development, and the 6P pi-
coblade (provides a more compact and reliable attachment) as the connector for the flight
model, which is described in the Table 3.4 and Table 3.5, respectively. This interface
consists of a dedicated debug UART, a JTAG, and an external power supply. The debug
UART connection has another access point in a dedicated 2H header (P7), as shown in
Figure 3.8. Also, to use this external supply, it is necessary to connect both pins of a 2H
header jumper (P6).
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2 _ Clo is
1 J SUPPLY

Figure 3.7: Programmer (P1 and P2) and jumper (P6) connectors.

Pin [A-B] Row A Row B

1-2 TDO_TDI VCC_3V3
3-4 - -
5-6 - -
7-8 TCK -
9-10 GND -
112 - UART_TX
13-14 - UART_RX

Table 3.4: Programmer header connector pinout.

Pin Row
1  VCC_3V3
2 TDO_TDI
3  TCK
4  UART_TX
5 UART_RX
6 GND

Table 3.5: Programmer picoblade connector pinout.

X
RX

P7
UART

Figure 3.8: Dedicated UART debug connectors (P7).

3.2.4 Daughterboard

The daughterboard interface uses the Samtec FSI-110-D connector [4], which can be seen
in the Figure 3.9. This connector has metal contacts in the format of flexible arcs and
four polymer guide pins (a pair for the top and bottom). When the daughterboard is
attached, there is some pressure on the metal contacts that bend and create a meaningful

18



3.3. Microcontroller

pin connection to the daughterboard copper pads>. A picture of this connector on the PCB
can be seen in Figure 3.10.

D_BOARD®

Figure 3.10: Daughterboard connector (P3).

The pinout of the daughterboard interface is available in the Table 3.6. There are
different power supply lines (OBDH, Antenna, and battery), communication buses (12C
and SPI), GPIO, and ADC interfaces available. Besides the GPIO and ADC pins, the
other interfaces are shared with other modules and peripherals.

Guidelines

The recommended shape and size of the daughterboard can be seen in the Figure 3.11.
Besides that, there are mandatory and suggested elements placement: four M3 holes
for mechanical attachment, required; contact connector pads (in light gray on the bottom
layer), required; two debug headers on the left and bottom sides, suggested; and a general
purpose flight model picoblade suggested.

3.3 Microcontroller

The OBDH 2.0 uses a low-power and low-cost microcontroller family from Texas Instru-
ments; the MSP430F6659 [5]. This device provides sufficient performance for low and
medium-complexity software and algorithms, allowing the module to execute the required

3These daughterboard pads are similar to the ones used as a footprint in the OBDH, despite a slightly
bigger size.
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Pin [A-B] Row A Row B
1-2 VCC_3V3 GND
3-4 VCC_3V3_ANT GND
5-6 VCC_BAT GND
7-8 GPI0_0 GPIO_1

9-10 GPI10_2 GPI10_3

11-12 SPI_0_CLK ADC_0
13-14 SPI_0_MISO ADC_1
15-16 SPI_0_MOSI ADC_2
17-18 SPI_0_CS_0 [2C_2_SDA
19-20  SPI_0_CS_1 2C_2_SCL

Table 3.6: Daughterboard connector pinout.

. N
[ |
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[ ]
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Tl e
[ ]
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o

®.ceeen °

6.35 (cm >l

Figure 3.11: Recommended shape and size of the daughterboard.

= =

.,,,//

Figure 3.12: Illustrative daughterboard integration.

tasks. The Table 3.7 presents a summary of the main available features and Figure 3.13
shows the internal subsystems, descriptions, and peripherals. The microcontroller inter-
faces, configurations, and auxiliary components are described in the following topics.
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3.3. Microcontroller

Flash SRAM Timers USCI ADC DAC GPIO
Table 3.7: Microcontroller features summary.
XIN XOUT DV, DV, AV, AV, RST/NMI PA FB PC PD
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Figure 3.13

: Microcontroller internal diagram.

3.3.1 Interfaces Configuration

The microcontroller has 6 Universal Serial Communication Interfaces (USCI) that can be
configured to operate with different protocols and parameters. These interfaces are con-
nected to different modules and peripherals, as presented in the Figure 3.4. The Table 3.8
describes each interface configuration.

Interface  Protocol (Index) Mode Word Length  Data Rate Configuration
USCI_AO SPI  Master 8 bits 1 Mbps Phase: High
Polarity: Low
USCI_A1 UART1 - 8 bits 115200 bps Stop bits: 1
Parity: None
USCI_A2 UARTO - 8 bits 115200 bps Stop bits: 1
Parity: None
USCI_BO 12CO0  Master 8 bits 100 kbps Adr. len: 7 bits
USCIL_B1 [2C1  Master 8 bits 100 kbps Adr. len: 7 bits
USCI_B2 12C2  Master 8 bits 100 kbps Adr. len: 7 bits

Table 3.8: USCI configuration.

3.3.2 Clocks Configuration

Besides the internal clock sources, the microcontroller has two dedicated clock inputs for
external crystals: the main clock and the auxiliary. A 32 MHz crystal and a 32.769 kHz
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are connected to these inputs. The first source is used for generating the Master Clock
(MCLK) and the Subsystem Master Clock (SMCLK), which are used by the CPU and the
internal peripheral modules. The second source is used for generating the Auxiliary Clock
(ACLK) that handles the low-power modes and might be used for peripherals.

3.3.3 Pinout

An illustration of the microcontroller pinout positions can be seen in the Figure 3.14. The
Table 3.9 presents the OBDH 2.0 microcontroller pins assignment.
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Figure 3.14: Microcontroller pinout positions.

Pin Code Pin Number Signal

P1.0 34 MAIN_RADIO_ENABLE
P1.1 35 MAIN_RADIO_GPIO0
P1.2 36 MAIN_RADIO_GPI10O1
P1.3 37 MAIN_RADIO_GPIO2
P1.4 38 MAIN_RADIO_RESET
P1.5 39 MAIN_RADIO_SPI_CS
P1.6 40 TTC_MCU_SPI_CS
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P1.7 41 -

P2.0 17 SPI_CLK

P2.1 18 [2CO_SDA

P2.2 19 [2C0_SCL

P23 20 -

P2.4 21 SPI_MOSI

P25 22 SPI_MISO

P2.6 23 VERSION_BITO

P2.7 24 VERSION_BIT1

P3.0 42 12CO_EN

P3.1 43 I2C1_EN

P3.2 44 [2C2_EN

P3.3 45 [2CO_READY

P3.4 46 [2C1_READY

P3.5 47 [2C2_READY

P3.6 48 PC104_GPIO0

P3.7 49 PC104_GPI101

P4.0 50 PC104_GPI102

P4.1 51 PC104_GPIO3

P4.2 52 MEM_HOLD

P4.3 53 MEM_RESET

P4.4 54 MEM_SPI_CS

P4.5 55 PC104_GPI1O4

P4.6 56 PC104_GPIO5

P4.7 57 PC104_GPIO6

P5.0 9 VREF

P5.1 10 AGND

P5.2 28 SYSTEM_FAULT_LED
P5.3 31 SYSTEM_LED

P5.4 32 PAYLOAD_O0_ENABLE
P5.5 33 PAYLOAD_1_ENABLE
P5.6 16 -

P5.7 88 -

P6.0 97 D_BOARD_ADCO

P6.1 98 D_BOARD_ADC1

P6.2 99 D_BOARD_ADC2
P6.3 100 OBDH_CURRENT_ADC
P6.4 1 OBDH_VOLTAGE_ADC
P6.5 2 D_BOARD_SPI_CSO0
P6.6 3 D_BOARD_SPI_CS1
P6.7 4 -

P7.0 - -

P71 - -

P7.2 84 XT2_N

P7.3 85 XT2_P

P7.4 5 D_BOARD_GPIO0
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P7.5 6 D_BOARD_GPIO1
P7.6 7 D_BOARD_GPIO2
P7.7 8 D_BOARD_GPIO3
P8.0 58 -

P8.1 59 -

P8.2 60 UART1_TX

P8.3 61 UART1_RX

P8.4 62 -

P8.5 65 [2C1_SDA

P8.6 66 12C1_SCL

P8.7 67 ANTENNA_GPIO
P9.0 68 FRAM_WP

P9.1 69 FRAM_SPI_CS
P9.2 70 UARTO_TX

P9.3 71 UARTO_RX

P9.4 72 WDI_EXT

P9.5 73 [12C2_SDA

P9.6 74 12C2_SCL

P9.7 75 MR_WDOG

PJ.0 92 P21

PJ.1 93 TP22

PJ.2 94 TP23

PJ.3 95 TP24

- 13 XT1IN

- 14 XT10UT

- 96 JTAG_TDO_TDI

- 91 JTAG_TCK

Table 3.9: Microcontroller pinout and assignments.

3.4 External Watchdog

In addition to the internal watchdog timer of the microcontroller, to ensure a system reset
in case of a software freeze, an external watchdog circuit is being used. For that, the
TPS3823 IC from Texas Instruments [6] was chosen. This IC is a voltage monitor with a
watchdog timer feature. This circuit can be seen in the Figure 3.15.

This circuit works this way: if the WDI pin remains high or low longer than the timeout
period, then reset is triggered. The timer clears when reset is asserted or when WDI sees
a rising or falling edge.

The watchdog timer task clears the TPS3823 timer by toggling the WDI pin every
100 ms. If the WDI pin state stays unmodified for more than 1600 ms, the reset pin is
cleared, and the microcontroller is reset.
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U1
=5 . RS T W .
MR WDQG 3 MR RESET l::-l A RESET WDOG
10k
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TPS3823-33QDBVRQ1

Figure 3.15: External watchdog timer circuit.

3.5 Non-Volatile Memories

There are two non-volatile memories available on the module: one flash NOR memory and
one FRAM memory.

3.5.1 Flash NOR

The flash NOR non-volatile memory model is the Micron MT25QL01GBBB, which is
composed of a NOR flash architecture with 1 Gb of capacity (or 128 MB) and features
extended SPI configurations. As seen in Figure 3.4, an SPI bus is used to communicate with
this peripheral, using the Table 3.8 configurations. Also, some control pins are connected
to microcontroller GP10s: HOLD#, RESET#, and W#.

When RESET# is driven LOW, the device is reset, and the outputs are tri-stated. The
HOLD# signal pauses serial communications without deselecting or resetting the device;
outputs are tri-stated, and inputs are ignored. The W# signal handles as write protection,
freezes the status register, turning its non-volatile bits read-only and preventing the write
operation from being executed.

3V3 Memory

us
MEM HOLD 1 [ 1001 pi c |16 SPI CLK
2 X 15 SPI MOSI
MEM RESET 3 ] VCC DQO =7
——————— RESET# DNU_7 —5-
- DNU 1 DNU 6 1
—2— DNU2 DNU_S i
MEM SPI CS7 | SD;JUJ DN\%‘S‘ 10
SPI MISO___ 8 | DOI W#/DQ2 9 MEM W
MT25QL01GBBB8ESF-0SIT =
GND

Figure 3.16: External memory circuit.

3.5.2 FRAM

The EXCELON™ Auto CY15X102QN is an automotive grade, 2Mb non-volatile memory
employing an advanced ferroelectric process. A ferroelectric random access memory or
F-RAM is non-volatile and performs reads and writes similar to RAM. It provides reliable
data retention for 121 years. The schematics of the memory can be seen in Figure 3.17,
an SPI bus is used to communicate with this peripheral.
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3V3_Memory
Ull

FRAM SPLCS I |== o M
SPI_MISO 2 leo DNU L
FRAM_WP 3w SCK| 6 SPLCLK
4 lyss §]l—5__SPL MOSI
CY15B102QN-50SXE
GND

Figure 3.17: FRAM memory circuit.

3.6 12C Buffers

The microcontroller 12C interfaces have dedicated IC buffers, which improve the signal
quality throughout the various connectors and offer reliability enhancements since it pro-
tects the bus in case of failures. This measure was adopted in all the satellite modules
due to previous failures in 12C buses. Using this scheme, the modules connected through
this protocol might have shared connections without losing performance or reliability.

The buffer selected for this function is the Texas Instruments TCA4311 device. Besides
the 12C inputs and outputs, it features control and status signals that are connected to
GPIOs in the microcontroller: an enable and an operation-ready status. Also, both inputs
and outputs in these I2C lines have external pull-up resistors.

3V3 Buffers

-
[2C0 EN 1 IE‘; Vot
[2C0 SCL BUF 2 | oon SDAOUT L1 12C0 SDA BUF
[2C0 SCL 3 lserm SDAIN|_6__12C0 SDA
4 |onn READY 3 12C0 READY
| TCA4311ADR

GIQIL) 12C0 Buffer

Figure 3.18: 12C buffer circuit.

3.7 RS-485 Transceiver

The module features an RS-485 interface connected to a 4H header (P8). This interface
uses a transceiver (THVD1451) to convert the incoming RS-485 signals to UART and
vice-versa. The outputs are 120 Q) differential pairs that have termination resistors before
connecting to the header pins.
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3V3 Buffers
Ul10

L vee 1 8 SO= RS485 RX P
UART1 RX 2 |p B |7 _ZC= RS485 RX N
UART1 TX 3 b 7|6 = RS485 TX N
P N 5 p—
4 | enn ¢3S A= RS485 TX P
| THVDI1451DR
GND

Figure 3.19: RS-485 transceiver circuit.

3.8 Voltage and Current Sensors

To monitor the board’s overall current and voltage, the module has a current sensor using
a Maxim Integrated IC (MAX9934) and a buffered voltage divider circuit with a Texas
Instruments IC (TLV341A). These circuits have direct analog outputs that are connected
to ADC inputs. The microcontroller’s internal ADC peripheral has a dedicated input for a
voltage reference, which is connected to the REF5030A IC. This device generates a precise
3 V output that enhances the measures and conversions performed by the microcontroller.
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CHAPTER 4

Firmware

4.1 Product tree

The product tree of the firmware part of the OBDH 2.0 module is available in Figure 4.1.

4.2 Dependencies

The firmware depends on external libraries to access the embedded hardware or to com-
municate with other modules. A list of these libraries and the used version is available in
Table 4.1.

Library Version
MSP430 DriverlLib v2.91.11.01
FreeRTOS v10.2.1

Table 4.1: External libraries and dependencies of the firmware.

4.3 Tasks

A list of the firmware tasks can be seen in the Table 4.2.
All these tasks are better described below.

4.3.1 Antenna deployment

This task deploys the Antenna module at the start of the mission.

4.3.2 Antenna reading

Reads the Antenna module status.

4.3.3 Beacon

The Beacon task transmits a data package containing the satellite’'s basic telemetry data
every 60 seconds.
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Firmware

le—]

i

'

i

le]

HAL Drivers ‘ Devices RTOS ‘ System ‘ Tasks Tests
DriverLib ‘ »[ ADC »[ Antenna FreeRTOS ‘ »[ Clocks »[ D:p:‘lge;r:t:m Drivers
»[ CY15x102QN »[ Current Sensor »[ Hooks »[ Beacon Devices
»[ EDC »[ EPS »[ Setup »[ Data Log Mockups
»[ Flash »[ LED —)[ Log »[ Heartbeat
»[ GPIO »[ Media 4>{ Housekeeping
»[ 12C »[ Payload Process
Telecommand
4>{ AntS EDC 1 Read Antenna
4>{ MT25Q EDC 2 Read EDC

Radiation
Instrument

Radiation
Instrument

»[ TCA4311A | 5|  Temperature
Sensor
»[ RTC % TTC
SpacelLab
{ EPS 2.0 %{ Voltage Sensor
Spacelab
{ TTC 2.0 4)[ Watchdog

TCA4311A

TPS382x

UART

L

WDT

Read EPS

Read Sensors

Read TTC

Startup

System Reset

Time Control

e
(
=
e
L
(=
L
el

Watchdog Reset

Figure 4.1: Product tree of the firmware of the OBDH 2.0 module.
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Name Priority Initial delay [ms] Period [ms] Stack [bytes]
Antenna deployment Highest 0 Aperiodic 150
Antenna reading Medium 2000 60000 150
Beacon High 10000 60000 1000
Data log Medium 2000 600000 225
EDC reading Medium 2000 60000 300
EPS reading Medium 2000 60000 384
Heartbeat Lowest 2000 500 160
Housekeeping Medium 2000 10000 160
Read sensors Medium 2000 60000 140
Startup (boot) Highest 0 Aperiodic 350
System reset Medium 0 36000000 128
Telecommand processing  High 10000 5000 500
Time control Medium 1000 1000 128
TTC reading Medium 2000 60000 384
Watchdog reset Lowest 0 100 150

Table 4.2: Firmware tasks.

4.3.4 Data log

This task saves the housekeeping data of the satellite in flash memory every 10 minutes.

4.3.5 EDC reading
This task reads all the EDC packages and data.

4.3.6 EPS reading

This task reads all the EPS data and status.

4.3.7 Heartbeat

The heartbeat task keeps blinking a LED (“System LED" in Figure 2.10) at a rate of 1 Hz
during the execution of the system. Its purpose is to give visual feedback on the execution
of the scheduler. This task does not have a specific purpose on the flight version of the
module (the flight version of the PCB does not have LEDs).

4.3.8 Housekeeping

This task reads all the important OBDH data and status.

4.3.9 Read sensors

This task reads the internal sensors of the OBDH every 60 seconds.
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4.3.10 Startup (boot)

This task is the first executed task when the system starts. All devices, libraries, and data
structures are initialized in this task. When the execution is done, the remaining tasks of
the system are allowed to execute.

4.3.11 System reset

This task resets the microcontroller by software every 10 hours. This can be useful to clean
up possible wrong values in variables, repeat the antenna deployment routine (limited to
n times), clean up the RAM, etc.

4.3.12 Telecommand processing

This task processes all the telecomands; it needs to have a really short period for a more
responsive operation.

4.3.13 Time control

This task is responsible for the time management of the system. At every second, it
increments the system time (epoch). Also, it saves the current system time in the non-
volatile memory every minute.

4.3.14 TTC reading
This task reads all the TTC data and status.

4.3.15 Watchdog reset

This task resets the internal and external watchdog timer every 100 ms. The internal
watchdog has a maximum count time of 500 ms, and the external watchdog has a maximum
of 1600 ms (see chapter 3 for more information about the watchdog timers).

To prevent the system to not reset during an anomaly on some task (like an execution
time longer than planned), this task has the lowest possible priority: 0.

4.4 Variables and Parameters

The internal variables and parameters of the OBDH firmware can be seen in Table 4.3.

ID Name/Description Type

0 Time counter in milliseconds uint32
1 Temperature of the pC in Kelvin uint16
2 Input current in mA uint16
3 Input voltage in mV uint16

Last reset cause:

- 0x00 = No interrupt pending
- 0x02 = Brownout (BOR)

- 0x04 = RST/NMI (BOR)
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- 0x06 = PMMSWBOR (BOR)

- 0x08 = Wakeup from LPMx.5 (BOR)

- 0x0OA = Security violation (BOR)

- 0x0C = SVSL (POR)

- OxOE = SVSH (POR)

- 0x10 = SVML_OVP (POR)

- 0x12 = SVMH_OVP (POR)

- 0x14 = PMMSWPOR (POR)

- 0x16 = WDT time out (PUC)

- 0x18 = WDT password violation (PUC)

- 0x1A = Flash password violation (PUC)

- 0x1C = Reserved

- 0x1E = PERF peripheral/configuration area fetch (PUC)
- 0x20 = PMM password violation (PUC)

- 0x22 to 0x3E = Reserved

Reset counter

Last valid telecommand (uplink packet 1D)

Temperature of the radio in Kelvin

RSSI of the last valid telecommand

Temperature of the antenna in Kelvin

Antenna status bits:

- Bit 15: The antenna 1 is deployed (0) or not (1)

- Bit 14: Cause of the latest activation stop for antenna 1
- Bit 13: The antenna 1 deployment is active (1) or not (0)
- Bit 11: The antenna 2 is deployed (0) or not (1)

- Bit 10: Cause of the latest activation stop for antenna 2
- Bit 9: The antenna 2 deployment is active (1) or not (0)
- Bit 8: The antenna is ignoring the deployment switches (1) or not (0)
- Bit 7: The antenna 3 is deployed (0) or not (1)

- Bit 6: Cause of the latest activation stop for antenna 3
- Bit 5: The antenna 3 deployment is active (1) or not (0)
- Bit 4: The antenna system independent burn is active (1) or not (0)
- Bit 3: The antenna 4 is deployed (0) or not (1)

- Bit 2: Cause of the latest activation stop for antenna 4
- Bit 1: The antenna 4 deployment is active (1) or not (0)
- Bit 0: The antenna system is armed (1) or not (0)
Hardware version

Firmware version (ex.: “v1.2.3" = 0x00010203)

Mode (“Normal” = 0, “Hibernation” = 1)

Timestamp of the last mode change

Mode duration in sec. (valid only in hibernation mode)
Initial hibernation executed

Initial hibernation time counter (minutes)

Antenna deployment executed

Antenna deployment counter

uint16
uint8

uint16
uint16
uint16

uint16

uint8
uint32
uint8
uint32
uint32
boolean
uint8
boolean
uint8

Table 4.3: Variables and parameters of the OBDH 2.0.
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4.5 Telemetry

451 Beacon

The beacon packet is transmitted every 1 minute and contains basic telemetry data of the
satellite. The content of this packet can be seen in Table 4.4.

o Period: 60 seconds
e Band: UHF

e Condition to operate: Always on

Parameter Content Length [bytes]
Packet ID 10h 1
Satellite callsign ~ “OPYOEGU” 7
pC temperature Raw pC temperature 2
pC voltage Raw pC voltage 2
uC current Raw pC current 2
Last reset cause Last reset cause 1D 1
System time System time in ticks 4
Radio temperature Raw radio temperature 4
Last TC RSSI Raw RSSI value 2
Last received TC  Last received TC ID 1
Battery 1 voltage  Raw battery 1 voltage 2
Battery 2 voltage  Raw battery 2 voltage 2
Battery current Raw battery current 2
Battery charge Raw battery charge 2
Total - 34

Table 4.4: Beacon packet.

4.5.2 EDC Information
Telemetry packages from EDC can be seen in Table 4.5.

4.5.3 EDC Samples

The EDC samples are TBD bytes long and are transmitted in Y packets with 219 bytes
each.

4.6 Telecommands

The system telecommands can be seen in Table 4.7.
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Parameter Content Len. [bytes]
Packet ID 11h 1
Satellite callsign ‘OPYOEGU” 7
PTT Decoder
Time tag PTT signal receiving time 4
Error code Error code 1
Carrier frequency Carrier frequency 2
Carrier Abs Carrier amplitude at ADC interface output 2
Message length User message length in bytes 1
User message ARGOS-2 PTT-A2 user message 35
HK Info
Current time Current time since J2000 epoch 4
Elapsed time Elapsed time since last reset 4
Current supply System current supply in mA 2
Voltage supply System voltage supply in mV 2
Temperature EDC board temperature 1
PLL sync bit RF front end LO... 1
ADC RMS RMS level at front-end output 2
Num of RX PTT Generated PTT packages since last initialization 1
Max 1
Memory error count 1
System State
Current time 4
PTT available Number of PTT Package available for reading 1
PTT is paused PTT decoder task status 1
Sampler state ADC sampler state 1
Total - 79
Table 4.5: EDC information packet.
4.6.1 Enter hibernation

This telecommand activates the hibernation mode in a satellite. During the hibernation
mode, no transmissions are made by the satellite, it keeps just listening for new incoming
packets (reception). The satellite will stay in hibernation mode for a custom period (1
to 65536 minutes), or until a “Leave Hibernation” mode is received. This is a private
telecommand, a key is required to send it. Beyond the packet ID and the source callsign
(or address), the number o minutes (2 bytes long) is also transmitted.

4.6.2 Leave hibernation

This telecommand complements the “enter hibernation” telecommand by deactivating the
hibernation mode in the satellite. When a satellite receives this telecommand it enables
the transmission again immediately. This is also a private telecommand; a specific key is
required to send it. There is no additional content to this telecommand packet, just the
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Parameter Content Length [bytes]
Packet ID 12h 1
Satellite callsign “OPYOEGU" 7
Time tag Elapsed time since J2000 epoch 4
Packet counter ADC sample packet number 1
| sample[n] First ADC |-sample 2
Q sample|[n] First ADC Q-sample 2
| sample[n+102]  First ADC I-sample 2
Q sample[n+102] First ADC Q-sample 2
Total - 219
Table 4.6: EDC samples packet.
Name Parameters Access
Enter hibernation Hibernation period in seconds Private
Leave hibernation None Private
Activate beacon None Private
Deactivate beacon None Private
Activate downlink None Private
Deactivate downlink None Private
Activate EDC None Private
Deactivate EDC None Private
Get EDC info None Private
Activate Radiation instrument Experiment period in seconds  Private
Deactivate Radiation instrument None Private
Set system time Time value (epoch) Private
Ping None Public
Message broadcast ASCIl message Public
Request data Data flags Public
Table 4.7: System telecomamnds.
Parameter Content Length [bytes]
Packet ID 20h 1
Ground station callsign  Any callsign (ASCII, filled with “0"s) 7
Hibernation period Period in minutes (1 to 65535) 2
Key Telecommand key (ASCII) 10
Total - 20

Table 4.8: Enter hibernation telecommand.

packet ID and the source callsign (or address).
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Parameter Content Length [bytes]
Packet ID 21h 1

Ground station callsign Any callsign (ASCII, filled with “0"s) 7

Key Telecommand key (ASCII) 10

Total - 18

Table 4.9: Leave hibernation telecommand.

4.6.3 Activate beacon

This telecommand activates the beacon transmissions.

4.6.4 Deactivate beacon

This telecommand deactivates the beacon transmissions.

4.6