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Abstract
This report details the construction and testing process of a low cost, redundant payload
computer for the AAReST mission. The Autonomous Assembly of a Reconfigurable Space
Telescope (AAReST) mission focuses on proving that large space telescope can be constructed
in space using modular CubeSats, bypassing the needed for single very large launch vehicle.
The payload computer in question, consists of two Raspberry Pi Compute Module 3s for
processing and a XC95144XL complex programmable logic device, capable not only of
detecting critical errors and taking specific actions to resolve them, but also able to directly
communicate with other subsystems on the spacecraft.
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1 Introduction
1.1 Background and Context
The aim of this report is to document the construction and testing process of the On-Board
Computer (OBC) for the AAReST spacecraft. AAReST is a mission led by the University of
Surrey - Surrey Space Center (SSC) and the California Institute of Technology (Caltech) [1].
The AAReST acronym stands for Autonomous Assembly of a Reconfigurable Space
Telescope. As hinted by the acronym, the AAReST mission has as its primary objective to
prove that space telescopes with large primary mirrors can be constructed in space, using small
independent mirror elements that can be individually maneuvered and rearranged, in space, in
order to create a single mosaic mirror structure [1]. Such an achievement would be
considerable, since it would allow for a cost-effective solution to building space telescopes
with notably sized primary mirrors. Therefore, a workaround to the limitations currently
imposed by the maximum diameter of launch vehicles can be provided.
The AAReST spacecraft will be composed of 3 distinct satellites. The main satellite referred
to as the “CoreSat” will be of size 15U as per the CubeSat specification [1]. The deployable
boom, at the end of which the optical focal plane assembly is an attached, along with two
reference mirror payloads (RMPs) and the RF communication equipment will be located on
this satellite. The two secondary satellites or “MirrorSats” will be of size 3U, each carrying a
deformable mirror as its primary and unique payload. These smaller satellites essentially act as
a means of locomotion for the mirror elements. Both the CoreSat and MirrorSats have
subsystems for short range communication, propulsion, power generation/storage, processing
and docking, allowing them to act individually in an intelligent and independent manner thus
maximizing modularity [1].
The purpose of the OBC is to: control the Wi-Fi link, control the docking system over the
payload I2C bus, interface with the LIDAR and interface with the Caltech payload through
UART [1]. In order to perform these functions reliably, the OBC houses two copies of the
Raspberry Pi Compute Module 3 (RPiCM3) which provide redundancy. The OBC is also
equipped with a complex programmable logic device (CPLD), which can monitor the compute
modules for any errors and take appropriate action to restore a stable state.

1.2 Aims and Objectives
The final outcome of this project should be a working and tested prototype of the AAReST
onboard computer. But in order to reach this goal, several intermediary steps must be taken.
• Verify the already existing schematics and layouts to ensure that there are no errors or
discrepancies.
• Make any necessary modifications in order to simplify the design, thus reducing the
amount of possible failure modes.
• Define a list of tasks that will need to be performed by the CPLD.
• Verify that the CPLD will have enough logic cells to fit all the features.
• Design a testing procedure to be executed during the assembly process.
• Manufacture and assemble a prototype.
• Collect statistics such as power consumption and thermal data in the thermal vacuum
chamber.
• Create a list of all possible failure modes and propose a hardware/software solution for
each.

2. Literature Review
This section explores the work already accomplished in the previous OBC design and aims to
find potential flaws and areas requiring improvement. Additionally, it analyzes the Raspberry
Pi Compute Module 3 from a technical perspective, in order to showcase the useful
technologies it incorporates. This section also looks at the current landscape by identifying
current use cases of Raspberry Pi Computers in space related projects. This section also details
the operation of the I2C protocol, since the satellite uses it for its main buses.

2.1 OBC V2 Design
The main components of the second on-board computer version (OBC V2) are the two
Raspberry Pi Compute Modules and the XC9572XL CPLD [2]. But in order to operate and
interface with the satellite’s subsystems they require supporting circuitry, which needs to
follow certain guidelines. The architecture of the OBC V2 is outlined in the following block
diagram (see Figure 1 [2]):

Figure 1 : OBC Latest Version - Block Diagram [2]

2.3.1 Physical Board Layout
The OVB V2’s printed circuit board (PCB) form factor follows the PC-104 standard [2] [3]
which specifies the shape and dimension of the board, along with the placement of the CubeSat
Kit Bus connector, the placement of the mounting holes and height restrictions for component
on the top and bottom sides of the board. Additionally, it is a six-layer board [2] which includes
a top layer and a bottom layer for component mounting, along with two inner layers for routing
signals and finally a power plane and a ground plane.

2.3.2 Power Distribution and Current Monitoring
The Raspberry Pi Compute Modules and the CPLD require certain voltages in order to operate.
The supply voltages supplied by the satellite's power system are +5V and +3V3 [2]. Therefore,
power regulators were used to produce the appropriate voltages. There are two
PAM2306AYPKE DC-DC converters, each provides power to one RPiCM3 [2]. The
PAM2306AYPKE is a dual high-efficiency pulse width modulated (PWM) step-down DC-DC
converter from Diodes Incorporated [4]. The suffix “KE” in the model name, signifies that the
two outputs have fixed voltages, with the first being fixed at 3.3V and the second at 1.8V. They
provide power for 3V3, 1V8 and GPIO supplies (see Table 3). The 5V input for the RPiCM3s
is directly taken from the satellite's power system [2]. The VDAC input (see Table 3) is
generated by two TPS70625, one for each RPiCM3 [2]. The TPS70625 is a voltage regulator
from Texas Instruments with a fixed output of 2.5V for an input ranging from 2.7V to 6.5V
[5].

In order to monitor the power consumed by each subsystem in real-time, INA194 current shunt
monitoring ICs were used [2]. The INA194 measures a voltage over a shunt and outputs that
voltage with a gain of 50 on its analogue output pin [6]. An analogue to digital converter (ADC)
is used to digitize this analogue value and allow for it to be read through the I2C bus [2]. In
total 14 INA194 were used, creating the need for 14 ADC channels [2]. The ADCs used are
the MAX11611 (12-channel ADC) and the MAX11607(4-channel ADC) from Maxim
Integrated [2]. They both require a supply voltage of +3.3V [7]. The MAX11607 and
MAX11611 can provide a 10-bit reading of the voltage on each channel, over I2C at 400Khz
and 1.7MHz speeds [7]. They also require configuration at start-up over I2C [7].

2.3.3 USB Hubs and Devices
There are two USB devices that need to be connected to the active RPiCM3. The first one is
the Ralink RT5370N 802.11n wireless interface which is on the OBC V2 PCB [2]. The second
one is the LIDAR, which is connected to the OBC V2 through the PC-104 connector which
provides the connection to the satellite's subsystems [2]. In order to achieve this and since each
RPiCM3 only has a single USB interface [8], USB hubs and switches are used. Each RPiCM3
is connected to a Microchip USB2422 hub [2] which is powered using 3.3V and has two
downstream USB ports for one upstream USB port, while being fully USB 2.0 compliant [9].
In order to select which hub port to connect each device to, two Texas Instruments TS3USB30E
USB switch are used (see figure 2) [2]. The TS3USB30E is a fully USB2.0 compliant switch
with 2 inputs and 1 output and is powered using 3.3V. It allows the CPLD to select which
output the USB input should be redirected to, using a single select input [10].

2.3.4 CPLD
The CPLD used on the OBC V2 is the Xilinx XC9572XL [2]. It requires an input of 3.3V,
which is provided by the satellite's power system [2]. The CPLD is responsible for enabling
the voltage regulators powering all the other devices on the board. It is also responsible for
monitoring the current consumption of the board, as well as resetting any unresponsive device
on the OBC V2. Additionally, it is also tasked with switching the I2C bus and the UART from
one RPiCM3 to the other in the case one RPiCM3 fails.

2.3.5 Discussion
It is important to note that the OBC V2 was not built and tested due to time constraints.
Therefore, the schematics and layouts could contain errors. These design files will need to be
checked thoroughly before building the OBC prototype. Additionally, it is necessary to explore
the functions that the CPLD will need to fulfill, to ensure that the CPLD is large enough.

2.2 Raspberry Pi Compute Module 3
The main processing unit on the OBC is the Raspberry Pi Compute Module 3 (RPiCM3). There
are two RPiCM3 for redundancy [2].
The RPiCM3 contains a BCM2837 processor, 1 giga-byte (GB) of LPDDR2 random access
memory (RAM) and 4Gb of embedded non-volatile memory [11] [8]. The BMC2837 processor
is a four-core implementation of ARM’s A53 processor paired with a 512 kilo-bytes (KB) of
L2 shared cache [8]. The A53 processor is based on the ARMv8-A architecture which has 64bit support and is fully ARMv7 32-bit compatible. It also has support for double precision
floating point vector operations [12], a useful feature in applications involving video
processing.
The RPiCM3 (see Figure 1) uses a DDR2 SODIMM socket allowing it to be mounted on boards
without requiring more than 31mm of clearance [8]. It is rated for operation in the temperature
range of -25°C to +80°C [8].

Figure 2: Raspberry Pi Compute Module 3 (Image from raspberrypi.org [13])
The RPiCM3 has support for multiple interfaces [8], notable ones being:
● 48 General Purpose Input/Outputs (GPIO).
● 2 I2C through the GPIO using the alternate functions.
● 2 Universal Asynchronous Receiver Transmitter (UART) through the GPIO using the
alternate functions.
● 2 Serial Peripheral Interfaces (SPI) through the GPIO using the alternate functions.
● 1 USB 2.0 host with On-The-Go (OTG) capability using dedicated pins 165 (USB D+),
167 (USB D-) and 168 (OTG Enable/Disable).
● 1 Joint Test Action Group (JTAG) through dedicated pins.
The RPiCM3 can run the latest Linux kernel version [8] through the officially supported
operating system “Raspbian”. At the time of writing, the latest supported kernel version is 4.9,
it can be installed using the “Raspbian Stretch Lite” image [14]. In order to load the image, it
is required to use a Windows/Linux host with specialized software provided by the Raspberry
Foundation and a USB interface [8]. This specialized software will boot the RPiCM3 in a mode
which allows for the eMMC storage to be accessed through the USB with read/write
permissions [15].
In order to properly operate, the RPiCM3 requires six specific power supplies (see Table 1)
[8].

Table 1 : RPiCM3 Power Supply Requirements
Name

System Powered

Typical Voltage

VBAT

BCM2837 processor core

5V

3V3

BCM2837 processor core, I/O, eMMc

3.3V

1V8

BCM2837 processor core, I/O, SDRAM

1.8V

VDAC

Composite (TV-Out) DAC

2.5V (if used) / 3.3V (if unused)

GPIO0-27_VDD

GPIO Bank 0

3.3V

GPIO28-45_VDD

GPIO Bank 1

3.3V

2.2.1 Raspberry Pi Radiation Testing
The Raspberry Pi Model B with the BCM2835 processor was radiation test by NASA and has
been proved to remain functional even after exposure to 40krads of gamma radiation [16].

2.2.2 Current Uses of the Raspberry Pi in space applications
OpenOrbiter
The 2013 OpenOrbiter project, planned to use a Raspberry Pi as its flight computer in
conjunction with a more powerful Gumstix WaterStorm COM unit for payload processing. The
aim of the mission was to create a CubeSat able to carry a payload developed following specific
guidelines set by the Open Prototype for Educational NanoSats [17].
Deformable Mirror Demonstration Mission (DeMi)
The Deformable Mirror Demonstration Mission (DeMi) lead by MIT researchers, with the aim
to demonstrate Deformable Mirror technology in space, is a CubeSat class mission that makes
use of a Raspberry Pi Compute Module 3 as its flight and payload interface computer. Much
like AAReST, the onboard computer in based on two Raspberry Pi Compute Modules for
redundancy [18].

2.3 I2C
One of the main functions of the on-board computer, as mentioned earlier, is to interface with
the spacecraft’s subsystems through the I2C bus, therefore a sturdy understanding of the I2C

protocol is required. This understanding is also required since the CPLD will need to interface
with the I2C bus and perform routing tasks.
I2C was originally developed by Philips Semiconductors which is known today as NXP
Semiconductors [19]. The I2C bus is very practical since it only requires two lines, one for the
data (SDA) and one for the clock signal (SCL). Multiple devices can be interconnected using
just those two lines. Each device on the bus has an address, with the maximum number of
devices being limited by the addressing type: either 7-bit or 10-bit [20]. Support for 7-bit
addressing is mandatory for every device on the bus and 10-bit support is optional. Therefore,
the upper limit of devices that can be present on a bus can be raised from 128 devices to 1024.
It is worth noting that there are certain reserved addresses, so the actual allocatable addresses
will be slightly lower than the theoretical limit [20]. Additionally, the I2C bus has a maximum
capacitance of 400pF, which is a factor that can limit the number of devices [20].
In order to avoid devices from transmitting at the same time, the I2C bus uses a master/slave
model. The slave is never allowed to initiate a transfer on its own, it can only transmit in
response to a request from a master [20]. The master can choose to initiate a transfer in order
to either send data to a device, or to read data from a device. It is the master’s responsibility to
generate the clock signal for the bus. There can be multiple masters on the same bus, but in
order to avoid collisions, two processes must take place: clock synchronization and arbitration.
There are multiple modes in which the I2C bus can operate, with each mode having its own
maximum clock rate and limitations. For a device to be compliant with a mode, it must be able
to handle the maximum clock rate specified by that mode. The following table below describes
each mode [20].
Table 2 : I2C Modes [20]
Mode

Speed

Directional

Standard-mode

100kbit/s

Bidirectional

Fast-mode

400kbit/s

Bidirectional

Fast-mode Plus

1Mbit/s

Bidirectional

High-Speed Mode

3.4Mbit/s

Bidirectional

Ultra Fast-mode

5Mbit/s

Unidirectional

As it can be seen in Table 2 above, speeds can range from 100kbit/s to 5Mbit/s, although in
Ultra-Fast mode the ability to read from a slave is sacrificed for speed as the master can only
write to a device since the bus becomes unidirectional.
By default, the SDA and SCL lines are HIGH, they are usually connected to the supply voltage
using a pull-up resistor [20]. When a master decides to initiate a transfer, it starts by pulling
the SDA line LOW while not modifying the state of the SCL line (which is by default high).
This change in state of the SDA line while the SCL is high marks a START condition [20].

Next, the master will periodically pull the SCL line LOW for a specific amount of time and
release it for the same amount of time, effectively generating a clock signal. Data is put on the
SDA line at a rate of one bit per clock cycle, with the transitions on the SDA line always
happening during the LOW phase of the clock cycle. The SDA line needs to be stable when
the SCL line is HIGH for a bit to be valid [20]. All transfers must happen in byte chunks (8bits) and each byte must be followed by an acknowledgement (ACK) bit from the receiver [20].
This ensures that the sender is always aware of whether or not a transmitted byte was received.
That way the sender can choose to abort a transfer and retry. The ACK bit sent after every
transmitted byte is by default HIGH and must be pulled LOW by the receiving device to
indicate acknowledgement. If the ACK bit is not pulled LOW, it is considered as a nonacknowledgement (NACK) [20]. Finally, when the transmitter has finished transmitting it must
issue a STOP condition, which is done by releasing the SCL line and performing a LOW to
HIGH transition on the SDA line [20].
As mentioned previously the master can either read or write from/to another device. A read or
write is indicated in the first transmitted byte after a START condition. This first byte is of the
following format:
Table 3 : Addressing Byte
7 (MSB)

6

5

4

3

2

1

0 (LSB)

SlaveAddr

SlaveAddr

SlaveAddr

SlaveAddr

SlaveAddr

SlaveAddr

SlaveAddr

R/W

As it can be seen in Table 3, the 7 most significant bits contain the address of the device that is
being prompted. The least significant bit, is either 0 for a write or 1 for a read. If the R/W bit
is 0 then the master is always putting out bytes and only listening for the ACK bit after each
transmitted byte. In the case where the R/W is 1, the master is listening for incoming bytes and
is only putting out ACK bits. When R/W is 1, the master can decide to end a transmission by
issuing a NACK, after receiving a byte, followed by a stop condition. It is worth noting that
the ACK bit after the addressing byte is always set by the addressed device, independently of
the R/W bit [20].
The above transmission procedure only stands for bidirectional single master, single/multiple
slave buses. As for multiple master systems synchronization and arbitration are required.
Additionally, in Ultra-Fast mode, ACKs, while still present for protocol compatibility reasons
[20], are ignored since the bus is unidirectional and a master can only send data (perform a
write) to a slave.

2.4. Summary
The OBC V2 is a robust design that needs to be verified before proceeding to the building and
assembling procedure, as there may be underlying errors that have not been detected since no
prototype was built.

The Raspberry Pi Compute Module 3 seems to be a very suitable candidate for this project, due
to its low cost and high versatility in terms of interfaces and physical format. Additionally,
NASA’s radiation testing of the device, has provided a better understanding of the device’s
behavior in extreme environment situations. So far, the Raspberry Pi has been a reasonably
popular candidate for CubeSat class missions, for the previously mentioned reasons. The notion
of a redundant Raspberry Pi flight and payload interface computer has been explored by
previous projects, although no project seems to be providing details on the redundancy
handling hardware and software implementation, leaving reason to believe that COTS
redundant CubeSat computers are still in early development.
The I2C protocol due to its high speed and versatility as well as ease of implementation, appears
to be very suitable for use in CubeSat’s central busses.

3. Design Modifications
As this project had already been started and significant progress had been previously made, it
was necessary to spend a significant amount of time gathering information and understanding
the context and previous accomplishments. The most significant accomplishment to date was
the design of the OBC V2 schematics and layouts in Altium Designer [2].

3.1 Design Verification and Changes
3.1.1 Schematic Verification
The first task undertaken, was to ensure that the already existing layouts and schematics for the
OBC V2 did not contain any errors. In order to accomplish this task, the initial step was to
analyze the schematics and cross reference them with the components’ datasheets. Through
this step, it was possible to confirm that all the integrated circuits were correctly powered and
that the passive components required for smooth operation were all properly utilized.
The next step was to ensure that the nets in the existing schematics [2] (Appendix 1) were
correctly named. Unfortunately, there were several naming errors which had to be corrected
(see Table 4).

Table 4 : Existing Schematics [2] Errors
Schematic Sheet

Error Type

Location

Error

Corrective Action

Corrected

4

Net Naming

U9

+1V8_CM2

Rename

+1V8_CM1

4

Net Naming

U11

+5V_PI2

Rename

+5V_PI1

5

Net Naming

J3B

+3V3

Rename

+3V3_CM1

6

Net Naming

U23

+3V3_P1

Rename

+3V3_P2

6

Net Naming

U23

+1V8_P1

Rename

+1V8_P2

6

Net Naming

U7

+3V3

Rename

+3V3_P2

6

Net Naming

U10

+1V8

Rename

+1V8_P2

7

Net Naming

J4B

+3V3

Rename

+3V3_CM2

7

Net Naming

J4B

+1V8_CM1

Rename

+1V8_CM2

The net naming errors in Table 4 would have affected the power supplies of the RPiCM3s and
would have resulted in the failure of the second RPiCM3, since the +1.8V supply would have
been disconnected. Additionally, the current monitoring data for the RPiCM3 supplies would
have been completely flawed since the redundant voltage regulator outputs were shorted and
non-exclusive to each RPiCM3.

3.1.2 Design Improvements
After performing the necessary corrections on the schematics, the next step was to investigate
the design for possible simplifications. It is important to keep designs as simple as possible in
order to reduce the total amount failure modes.
The first simplification that was made, consisted in removing the two TPS70625 +2.5V
regulators. This simplification was made possible by the fact that the composite (TV-out)
peripheral of the RPiCM3 [8] was not being used in this application. As mentioned in Table 3
of section 2.2, if the composite (TV Out) is not used, the VDAC power supply can be connected
to +3.3V instead of +2.5V.
The second simplification, which was a direct result of the first, was to remove two INA194s.
These current shunt monitors were no longer required as there were no +2.5V supplies to
monitor.
The third simplification, was to remove the 4-Channel MAX11607 ADC since the number of
current monitors had dropped from 14 to 12. It is important to note that in the existing schematic
for the OBC V2 [2] (See Appendix 1), 11 INA194s are connected to the 12-Channel
MAX11611 ADC, since one channel is needed for the reference voltage. Similarly, 3 INA194s

are connected to the 4-Channel MAX11607 and one channel is used for the reference voltage.
The decision to remove the 4-Channel MAX11607 ADC required a compromise to be made,
due to the fact that the number of available channels was 12 and the number of channels
required was 13. That being, 12 channels for the 12 remaining INA194s and 1 channel for the
reference voltage. After careful consideration one more INA194 was removed reducing the
amount of required channel to exactly 12.
That INA194 was monitoring the current from the +1.2V supply by the Ralink RT5370N. The
reason for selecting this particular current monitor, was that unlike the +3.3V and +1.5V
supplies generated externally for the RT5370N, the +1.2V supply is generated internally by the
RT5370N. Therefore, that current monitor was not necessary in determining the power
consumption of the RT5370N, since it can be derived by adding the power consumptions on
the +3.3V and +1.5V supplies. The INA194 was not removed, its output was just left
disconnected.
The list of changes made to the existing schematic, in order to simplify the OBC V2 , can be
found in Table 5:
Table 5 : Existing Schematics [2] Simplification Changes
Schematic Sheet

Simplification

Location

Action

4

2.5V Regulator RPi1

U3

Remove: U3;C60;C62;TP9

4

2.5V Monitor RPi1

U3

Remove: U5;R103;R104;R13;R96;C91;C53

5

VDAC RPi1

J3A

Rename input from +2V5_CM1 to +3V3_CM1

6

2.5V Regulator RPi2

U4

Remove: U4;C66;C68;TP23

6

2.5V Monitor RPi2

U8

Remove: U8;C56;C95;R118;R119;R16;R114

7

VDAC RPi2

J4A

Rename input from +2V5_CM2 to +3V3_CM2

8

MAX11607 Removal

U21

Remove: U21;C79;R70;R68;R69;C77;C78

8

MAX11607 Removal

U2

Rename input from CM1_2V5 to WIFI_3V3

8

MAX11607 Removal

U2

Rename input from CM2_2V5 to WIFI_1V5

The most up-to-date schematics for the OBC V3 can be found in Appendix 2.

3.1.3 Layout Changes
The final step was to apply the changes from the error corrections and improvements to the
layout. A comparison of the OBC V2 PCB layouts and the updated OBC V3 PCB layout can
be found in Appendix 3. Overall this step was most time consuming as it required a great
amount of focus to ensure that all changes had been applied correctly. The live highlighting
feature [21] of Altium Designer was used to manually verify that all the nets had been correctly
laid out on the PCB. Additionally, the DRC rules were ran to ensure that track clearances had

been respected. Finally, via stitching [22] was added to the board, in an effort to minimize
return loops.

3.2 CPLD Evaluation
3.2.1 CPLD Features
As mentioned earlier the CPLD plays a key role on the OBC. It has several responsibilities, as
it needs to be able to:
•
•
•
•
•
•
•
•

Monitor the status of: the active RPiC3M, the RT5370N wireless interface, the two
USB hubs.
Enable and disable all voltage regulators so that it can provide power sequencing for all
devices on the board.
Toggle reset pins on the RPiCM3s, the USB hubs, the RT5370N wireless interface.
Operate the USB switches [10].
Switch I2C and UART the lines between the two RPiCM3s.
Route incoming and outgoing I2C requests form/to the Platform I2C and the Payload
I2C (see Figure 2) [2].
Configure the Maxim Integrated ADCs on start-up [7].
Collect power consumption data from the Maxim Integrated ADCs.

Since the RPiCM3 is the master of the payload I2C bus and a slave of the Platform I2C bus
[2], it is mandatory for to have a slave I2C core on the CPLD able to execute request from the
RPiCM3 master. These requests would mainly involve USB switching.

3.2.2 CPLD Evaluation
There were some concerns as to whether or not the XC9572XL CPLD would have enough
macrocells to accommodate all the needed features. In order to determine if there was enough
space, the most popular I2C cores (see Table 6) from opencores.org [23] were attempted to be
fitted onto the device, both with Area Optimization and High Effort (AOHE) enabled and in
Balanced (default) mode.

Table 6 : I2C Core [23] Fitting results on XC9572XL
Project Name

Maintainer
Name

Creation
date

Last Update
Date

Notes

AOHE
Enabled

Balanced
(Default)

i2c

Herveille,
Richard

25/09/2011

21/11/2017

OpenCores
Certified
Project

79
Macrocells
Required Not fitted

85
Macrocells
Required Not fitted

icmb

Shuvalkin,
Sergey

29/04/2016

19/09/2017

Not fitted

Not fitted

i2c_master_slave

Smertenko,
Eli

29/09/2008

10/06/2012

Not fitted

Not fitted

As suspected the XC9572XL was not able to fit the I2C core, let alone the other features. It
was deduced that an I2C core would require a minimum of 79 macrocells, slightly more than
what could fit on the XC9572XL which has 72 macrocells [24].

3.2.3 CPLD Replacement Selection
As deduced in the previous section, a larger CPLD was needed. The first step was to try and
find a drop-in replacement with more macrocells, meaning that the package would not vary
and subsequently the footprint would remain identical. This solution would have been the least
time consuming but unfortunately no drop-in replacements for the VGG64 package [24] were
found.
The next step was to find a slightly larger package with more macrocells. This solution would
be more time consuming, as the PCB layout would have to be updated. The two most viable
candidates were the CoolRunner-II XC2C128 [25] and the XC95144XL [26] (see Table 7).
Table 7 : XC2C128 and XC95144XL Comparison
XC2C128

XC95144XL

Macrocell Count

128

144

Supply Voltage (V)

1.8

3.3

Supported I/O Voltages

1.5 to 3.3 in/out

2.5 to 3.3 out
2.5 to 5 in

I/O pin count

80

81

Package

XC2C128-7VQ100I

XC95144XL-7TQG100I

Package Size

16x16mm

16x16mm

Temperature Rating (°C)

-40 to +85

-40 to +85

The XC95144XL being a direct upgrade from the XC9572XL, meant that it would not require
any changes to the voltage regulator. Additionally, it had more macrocells than the XC2C128
for the same physical size. Having picked the XC95144XL as the replacement for the
XC9572XL, the same I2C cores that had been tested on the XC9572XL were tested on the
XC95144XL in order analyze the resource utilization. The only design would fit was the
Opencores Certified I2C project maintained by Richard Herveille (see Table 8).
Table 8 : Utilization table for I2C_Herveille on the XC95144XL
Balanced (default)

Area Optimized/High Effort

Macrocells

85/144 (59%)

79/144 (55%)

Product Terms

256/720 (36%)

271/720 (38%)

Function Block Inputs

145/432 (34%)

137/432 (32%)

Registers

83/144 (58%)

77/144 (53%)

Pins

13/81 (16%)

13/81 (16%)

3.2.3 CPLD Replacement
As mentioned earlier, the XC95144XL utilizes a TQG100 package as opposed to the
XC9572XL’s VQG64 package. It can be seen in Figure 3, the TQG100 package is larger
(16x16mm) than the VQG64 (12x12mm). This result is an increase in area usage of 112𝑚𝑚2
or 77%.

Figure 3 : TQC100 vs VQG64 [27] [28]
In order to fit the new CPLD onto the board, the locations of nearby components had to be
altered, to allow for enough clearance between them and the XC95144XL. Additionally, the
schematics had to be updated and all signal to the CPLD re-routed, a process which proved to
be quite tedious (see Figure 4). It is interesting to note that there is an increased number of pins
dedicated to power and ground on the XC95144XL [26] compared to the XC9572XL.

Figure 4 : PCB Layout XC9572XL (Left) – XC95144XL (Right)

3.3 WIFI Power Regulator Replacement
While assembling the bill of materials (BOM) for the project, it occurred that the TPS796015,
which serves as the Linear Regulator providing 1.5V to the Ralink RT5370N (WIFI IC) was
not available for purchase. Upon further investigation it was discovered that the TPS796
datasheet [29] made no reference to it, as it only listed fixed regulators without outputs: 1.3V,
1.8V, 2.5V, 2.8V, 3V, 3.3V and 5V.
An option would have been to use the adjustable TPS79601 regulator which uses same
footprint and requires two additional 0603 resistors to set the voltage output. This option, while
requiring the least amount of modifications to the circuit board, had two main drawbacks.
Firstly, it would add two more components to the circuit, raising its overall complexity and
increasing the chances of a malfunction occurring. Additionally, its output voltage would not
be as accurate as a fixed regulator’s, since it would depend on the values of two external
resistors, which would not only be specified with a percentage of uncertainty but would also
be affected by temperature. Therefore, the best option was to replace it with another fixed
voltage regulator capable of outputting the desired voltage of 1.5V. The best candidate was the
Texas Instruments TLV1117LV15DCYT [30] as it did not require much surrounding circuitry
to operate and was able to provide 1A of current, meeting the power requirements of the
RT5370N.

3.4 Summary
The OBC V2’s design files as suspected, contained major errors that would have impeded the
functioning of the prototype. Most of these errors were short circuits between power planes,
caused by poor net naming conventions. These errors were corrected in the schematics and the
layouts were updated accordingly. Additionally, some simplifications were made to the circuit,

in an effort to remove unnecessary features, therefore reducing the total amounts of failure
modes.
The CPLD, needing to be able to accommodate an I2C slave block in conjunction with all the
other functions such as power sequencing, I2C routing and USB switching, was upgraded to a
larger CPLD from the same series. This imposed modifications to the schematics and layouts
but in return offered double the capacity of the previous CPLD.
Finally, one of the voltage regulators supplying the WIFI circuitry had to be replaced, since
that part did not exist and was not available for purchase.

4. Build and Test
4.1 OBC III PCB Visual Inspection
After receiving the OBC V3 boards from the manufacturing service, the first step was to
visually inspect the boards to ensure that there had not been any major errors during the
manufacturing process, such as missing pads or short circuits on the top and bottom layers (see
Figure 5).

Figure 5 : OBC V3 PCB

4.1.1 DDR2 Socket Footprint Error
Unfortunately, the DDR2 socket footprints were wrong. According to the datasheet [31] for
the DDR2 socket (1473005-4 TE Connectivity), there is a 0.3mm offset between the height of
the column of odd pins and the column of even pins. On the OBC V3 PCB, the two pin columns

were at the same height effectively omitting that 0.3mm offset (see Figure 6). This error applied
to both sockets.
As a reprint of the board with the error corrected was not possible due to time constraints.
Therefore, it was necessary to find a faster way around this issue in order to test the
functionality of the prototype. A quick solution was filing the plastic alignment pins at the top
and bottom of the socket and placing the socket slightly lower, so to compensate for the lack
of offset mentioned previously. This process needed to be done manually as placing the board
in a reflow oven would result in surface tension moving the socket and potentially shorting one
column of pins.

Figure 6 : DDR2 Socket on PCB (top) vs Manufacturer Drawing (Bottom)

4.1.2 Raspberry Pi Compute Module 3 Mounting Hole Error
The mounting holes for RPiCM3s were positioned too close to the DDR2 sockets, making it
impossible for a screw to be put through both holes (see Figure 7).

Figure 7 : Mounting Hole Error

One possible way to deal with this issue, would be to make a small plastic adaptor with two
holes, where one hole would be used to fasten the adaptor to the board and the other to fasten
the RPiCM3 to the adaptor. Although since the DDR2 socket footprint is also wrong, it would
make sense to correct all errors and reprint the PCB.

4.1.3 PC/104 Connector
The PC/104 connector on the OBC V3 was also wrong, at it was a PC/104-plus connector
instead of a PC/104. The difference between the PC/104 and PC/104+ standards is mainly in
the pitch of the square posts that compose the connector [32]: The PC/104 uses a 2.54mm pitch
square post system whereas the PC/104-Plus uses a 2.00mm pitch square post system.
Effectively for the same amount and configuration of pins, the PC104-plus is physically a
smaller connector. This can be seen in Figure 8, where a PC/104-plus (SAMTECH PTHF-12602-G-Q-368 [33]) was used instead of two PC/104 connectors (SAMTECH ESQ-126-39-G-D
[34]).

Figure 8 : PC/104-plus on OBC V3 (top) vs PC/104 on CubeSat Spec [3] (bottom)
Fixing this issue would require a footprint replacement, along with a repositioning of certain
components including most notably the UART header (P1) that can be seen in Figure 8.

4.2 Assembly Procedure and Techniques
4.2.1 Techniques and Equipment
Before commencing the assembly process, a rapid continuity test was conducted to ensure that
there were no short circuits on the inner layers of the PCB. All power nets were tested for shorts
between each other and with the ground pour. The assembly procedure was entirely conducted
by hand using a combination of the Hakko FX-888D ESD safe soldering station for passive

components and connectors and an adjustable hot air rework station with AMTECH NC-559ASM Solder flux for the ICs.

4.2.2 Assembly Process
In order to isolate assembly errors and make them more identifiable, the PCB was assembled
in multiple stages.
Table 9 : Assembly Stages
Stage
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Description
Raspberry Pi 1 Power + Current Monitors
Raspberry Pi 2 Power + Current Monitors
Raspberry Pi 1 Socket
Raspberry Pi 2 Socket
Power on Reset for CPLD
CPLD + Current Monitor + JTAG Header
MAX11611
USB Switches
PT I2C Isolator + UART
USB Hub 2 + Current Monitor
USB Hub 1 + Current Monitor
WIFI Power Regulator
WIFI Current Monitors
WIFI IC

Components Installed
U22, U6, U9 ,U11 + Passives
U23, U7, U10, U12 + Passives
J3 + Passives
J4 + Passives
U29 + Passives
U30, J1, U24 + Passives
U2 + Passives
U27, U28 + Passives
U26, P1 + Passives
U13, U14 + Passives
U15, U16 + Passives
U19 + Passives
U25, U20, U18 + Passives
U17 + Passives

After stages 1 and 2 (see Table 9), the PAM2306AYPKE were load tested up to 0.5A, to verify
that the assembly process for these stages had been completed without errors (see Error!
Reference source not found.). In order to enable the 3.3V and 1.8V supplies of the
PAM2306AYPKE without the CPLD soldered on and programmed, the enable pins of the
voltage regulators had to be connected to a positive voltage smaller than the input voltage to
the regulator [4]. To achieve that it was simply a matter of shorting the pins with the 3.3V
supply since the input voltage to the regulators was 5V. During the testing, the OBC V3 was
powered using a computer ATX power supply capable of providing 14A at 5V and 12A at 3V3
ensuring that there would be enough power for the OBC III to operate, even under heavy load
once RPiCM3s were installed.

Table 10 : PAM2306AYPKE Load Testing
Vout

Load Current
(mA)

Resistor
Value (Ω)

3.3V
3.3V
3.3V
3.3V
1.8V
1.8V
1.8V
1.8V

0.5
0.3
0.2
0.1
0.5
0.3
0.2
0.1

6.6
11
16.5
33
3.6
6
9
18

Power
Dissipated
(W)
1.65
0.99
0.66
0.33
0.9
0.54
0.36
0.18

Number
of
Resistors
8
5
3
2
5
3
2
1

Individual
Resistor
Value (Ω)
52.8
55
49.5
66
18
18
18
18

Measured
Load (Ω)

U22

U23

7.2
11.4
15.8
34.1
3.7
6.1
9.1
18.2

PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS

PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS

The next step, after completing stages 5, 6 and 7 (see Error! Reference source not found.),
was to verify that the XC95144XL had been soldered correctly. The simplest way to verify that
statement was to flash the CPLD led, labeled D1 in the schematics (see Appendix 2). Using
Xilinx’s Webpack ISE, code was written in VHDL, that based on the external 20MHz clock
would wait one second (20 ∗ 106 clock cycles) and then would toggle the state of the LED.
The code (see Appendix 4) was then loaded onto the XC95144XL using Xilinx Impact and a
Xilinx Platform Cable USB II, connected to the CPLD using the JTAG header (see Figure 9).

Figure 9 : Programming the CPLD

4.2.3 Raspberry Pi eMMC Flashing
Testing the DDR2 slots involved programming the RPiCM3s using a Compute Module IO
Board [35] (see Figure 10).

Figure 10 : Compute Mode IO Board
In order to load the Raspbian Image [14] onto the eMMC of the RPiCM3, the RPiCM3 needed
to enter USB boot mode. To do so, it required a host computer running the “usbboot” tool
provided by the Raspberry Pi foundation [15]. Additionally, the J4 pin header needed to be set
on the ‘EN’ position, and the micro USB cable connected to the USB Slave port of the IO
board. After staring the “usbboot” tool and connecting the power micro usb cable to the IO
board, the host computer started the Raspberry Pi in a mode that would allow its eMMC to be
accessed like a storage device, allowing for the Raspbian image to be copied onto it using the
following command:
sudo dd if=~/rpi_image.iso of=/dev/sdX1 bs=4096

It is important to note that X had to be replaced with the drive letter of the storage device. Once
the command had finished, two partitions became visible: a “boot” partition and a “filesystem”
partition

4.2.4 Raspberry Pi Compute Module 3 Programming
Some software needed to be added to the default Raspbian image, in order to facilitate the
testing procedure of the RPiCM3. A heartbeat service was created to provide a quick way of
knowing whether the Raspberry Pi was still working or not. The heartbeat service consisted of
a shell script that would configure and toggle GPIO8 every second (see Appendix 5). After
writing and verifying that the script worked, it needed to somehow be loaded on startup before
user login. The initial solution was to add the script to the third runlevel by placing the script
in the “/etc/inittab” directory with executable permissions and creating a symbolic link to it in
the “/etc/rc3.d” directory [36]. Unfortunately, the script would start on reboot but would then
be terminated after some time, leaving the LED either on or off. The other and more up to date
way of starting the script along with the boot sequence, was to create a Systemd [37] service
and enable that service (see Appendix 5)

4.2.5 Accessing the Raspberry Pi Compute module 3 over UART
By default, the BCM2837 and BCM2835 have two UART interfaces [38]. One full UART and
one miniUART. On the regular Raspberry Pi 3 device, the full UART is used to interface with
the Bluetooth module, but on the Raspberry Pi Compute Module, there is no Bluetooth module
therefore it is the default UART interface mapped to the I/O pins named “ttyAMA0”,with its
default baud rate being 115200. The miniUART named “ttyS0” runs off the system clock [38],
which by default is dynamic and therefore in order to use it, it is required to add the line
“core_freq=250” to the “cmdline.txt” file in the “boot” partition. It is important to note that the
miniUART has severe limitations compared to UART and will most likely be unsuitable for
all tasks in this project.
Since there are two Raspberry Pi Compute Modules on the OBC III, and one UART header, it
is necessary to configure the CPLD to select one and connect it to the UART header, in order
to enable communications. The VHDL code for to achieve this is quite simple and just consists
of an “if” statement and port to port assignments (see Appendix 4).
The computer needs a UART to USB interface which can be provided by a PL2303 module,
and the software needed to communicate over UART would be Putty on Windows and
Minicom on Linux/MacOS, along with any drivers required by the PL2303.
It is important to note that hardware and software flow control need to be disabled in order for
the UART to operate.Finally, it is possible to access the RPiCM3s through the serial console
and fully operate them.

4.2.6 Raspberry Pi Idle Load Thermals
After running the OBC III for approximately 15 minutes on idle load, using a FLIR thermal
imaging camera it can be seen, that the temperatures reach around 50°C, with hot spots being
the BCM2837 on the RPiCM3 at around 48°C, as well as the CPLD at 51°C and the
MAX11611 ADC to I2C at 43.4°C. The temperature measurements of the BCM2837 were
made with a piece of Dupont Kapton [39] tape applied on the IC in an attempt to obtain a more
accurate reading.

Figure 11 : OBC III Thermals
These thermals can partially be explained: the CPLD is sinking around 10mA of current, while
the Raspberry Pi is idling and running background services, those activities could explain these
temperatures. The MAX 11611 seems to be running too hot, most likely due to a
misconfiguration over I2C since I2C was not behaving correctly at the time of the picture.
Surprisingly, the PAM2306AYPKE regulators do not seem to be running hot at all (see Figure
11, top right picture, left side of the OBC III).

4.3 Summary of Accomplished Work
The schematics and layout of the OBC V3 have been updated and verified, the short circuits
and errors present in the layout of the OBC V2 have been corrected, with the exception of the
DDR2 socket footprint, RPiCM3 fastening holes and PC/104 connector. Additionally, the
CPLD has been upgraded from an XC9572XL to a XC95144XL, doubling the number of
available macrocells. Furthermore the 1.5V regulator for the Ralink RT5370N has been
replaced with an available part. The first prototype of the OBC V3 has been built with the
exception of the PC104 connector and WIFI antenna socket and ferrite beads acting as chokes.
So far, the OBC V3 seems promising, as the CPLD works and is able to be programmed, the
regulators powering the RPiCM3s provide adequate power and the RPiCM3 boot up and are
able to interface with the computer through UART. Due to time constraints work on I2C has
not been completed, therefore it is not possible to validate the I2C functionality of the OBC
V3.

5. Future Work
There are several tasks that still need to be completed in order to deliver a fully functioning
and tested OBC.
•

•

•
•
•
•

I2C needs to be validated, to achieve that goal, the RPiCM3s must be able to read
current data from the MAX11611. Additionally, the XC95144XL needs to be able to
receive requests from the RPiCM3 on the I2C bus to switch USB devices.
USB needs to be validated, starting from the TSUSB30E and continuing onto the
USB2422 hubs, and finally ensuring that the end devices (Ralink RT5370N and
LIDAR) are detected and usable.
The WIFI needs to be validated, especially the wake on WIFI feature of the CPLD.
The hardware failure handling routines of the CPLD need to be refined and
implemented into VHDL.
The idea of the RPiCM3s reprogramming each other in the event of a catastrophic
software failure, needs to be further explored.
Have the OBC V3 interface with the rest of the satellite

Finally, once all the above tasks have been considered and completed, the OBC V3 PCB should
be reprinted fixing the DDR2 socket footprints and the RPiCM3 fastening holes. Once a robust
PCB has been assembled to space grade specifications:
• It should be Thermal Vacuum Chamber tested and power consumption statistics should
be collected.
• The WIFI receiver and transmitter should be tested to determine interference resistance
and practical range.

6. Conclusion
A functioning, yet not fully tested prototype of the AAReST Payload Interface Computer was
built, based on the modified and improved design files of the OBC V2. It is a redundant CPLD
controlled Raspberry Pi Compute Module 3 based solution. Compared to the OBC V2, the
OBC V3 has received notable upgrades such as a larger CPLD and an updated power regulator
for the WIFI circuitry. Additionally, several mistakes in the OBC V2 design files have been
corrected, such as the short-circuits between the outputs of the 2 separate power delivery
systems for the RPiCM3s. The board was manually assembled, to include all components with
the very small exceptions. Additionally, the CPLD was programmed to perform basic functions
necessary for testing. The Raspberry Pi heartbeat service was implemented and the UART was

tested to ensure that the RPiCM3s were fully functional. I2C testing was started but due to time
constraints was not finished. Unfortunately, the OBC V3 is not a final prototype as the issues
outlined in section 4.1 require another prototype to be manufactured in order to be resolved
and features such as USB still remain untested.
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Appendix 1 Existing Schematics for the OBC V2 [2]

Appendix 2 OBC V3 Schematics

Appendix 3 OBC V2 PCB (left) / OBC V3 PCB (right)

Appendix 4 CPLD Code
----------------------------------------------------------------------------------- Company:
-- Engineer:
--- Create Date:
21:37:14 05/07/2018
-- Design Name:
-- Module Name:
TopLevel - Behavioral
-- Project Name:
-- Target Devices:
-- Tool versions:
-- Description:
--- Dependencies:
--- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
----------------------------------------------------------------------------------library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use CPLD_Components.all;
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;
-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;
entity TopLevel is
port (
USB_OE1_N
:
USB_SEL1
:
USB_OE2_N
:
USB_SEL2
:
RESET_N_HUB1 :out
USB_HUB1_IND :
RESET_N_HUB2 :
USB_HUB2_IND :
USB_SMB_CLK :
USB_SMB_DATA :
WIFI_ACT
:
WIFI_RDYG
:
RESET_N_WIFI :
RESET_N_PI1 :
PI1_HB :
in
CM1_EN_3V3
:
CM1_EN_1V8
:
RP1_GPIO1
:
RP1_GPIO2
:
RESET_N_PI2 :
PI2_HB :
in
CM2_EN_3V3
:
CM2_EN_1V8
:
RP2_GPIO1
:
RP2_GPIO2
:
PL_I2C_SCL
:
PL_I2C_SDA
:
RP1_PL_I2C_SCL
RP1_PL_I2C_SDA
RP2_PL_I2C_SCL
RP2_PL_I2C_SDA

out
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
inout STD_LOGIC;
:
in
STD_LOGIC;
:
inout STD_LOGIC;
:
in
STD_LOGIC;
:
inout STD_LOGIC;

PT_I2C_SCL
:
PT_I2C_SDA
:
RP1_PT_I2C_SCL
RP1_PT_I2C_SDA
RP2_PT_I2C_SCL
RP2_PT_I2C_SDA
PL_UART_TX
:
PL_UART_RX
:
RP1_PL_TX
:
RP1_PL_RX
:
RP2_PL_TX
:
RP2_PL_RX
:
ADC_I2C_SCL :
ADC_I2C_SDA :
CPLD_CLK
:
CPLD_LED
:
CPLD_RST_N
:
TPA
:
inout
TPB
:
inout
TPC
:
inout
TPD
:
inout
TPE
:
inout

in
STD_LOGIC;
inout STD_LOGIC;
:
out
STD_LOGIC;
:
inout STD_LOGIC;
:
out
STD_LOGIC;
:
inout STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
out
STD_LOGIC;
inout STD_LOGIC;
in
STD_LOGIC;
out
STD_LOGIC;
in
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC

);
end TopLevel;
architecture Mixed of TopLevel is
signal
signal
signal
signal

RPi1_Power_Enable : std_logic := '1';
RPi2_Power_Enable : std_logic := '1';
UART_Selector : std_logic := '0';
ADC_Selector : std_logic := '0';

begin
Blinky : blinker port map (CPLD_CLK,CPLD_LED);
RPi1_Power : RPi_Power port map (CM1_EN_3V3,CM1_EN_1V8,CPLD_CLK,RPi1_Power_Enable);
RPi2_Power : RPi_Power port map (CM2_EN_3V3,CM2_EN_1V8,CPLD_CLK,RPi2_Power_Enable);
UART_SW : UART_Switching port map
(PL_UART_TX,PL_UART_RX,RP1_PL_TX,RP1_PL_RX,RP2_PL_TX,RP2_PL_RX,UART_Selector);
ADC_SW : ADC_UART_Connect port map
(ADC_I2C_SCL,ADC_I2C_SDA,RP1_PL_I2C_SCL,RP1_PL_I2C_SDA,RP2_PL_I2C_SCL,RP2_PL_I2C_SD
A,ADC_Selector);
end Mixed;
----------------------------------------------------------------------------------- Company:
-- Engineer:
--- Create Date:
12:43:10 05/03/2018
-- Design Name:
-- Module Name:
Blink - Behavioral
-- Project Name:
-- Target Devices:
-- Tool versions:
-- Description:
--- Dependencies:
--- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
----------------------------------------------------------------------------------library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

use IEEE.std_logic_unsigned.all;
use IEEE.numeric_std.all;
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;
-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;
entity Blinker is
Port ( CPLD_CLK : in STD_LOGIC;
CPLD_LED : out STD_LOGIC
);
end Blinker;
architecture Behavioral of Blinker is
constant HW_CLK : integer := 20000000;
constant BLINK_FREQ : integer := 1;
constant COUNTER_MAX : integer := (HW_CLK/BLINK_FREQ) - 1;
signal counter : integer range 0 to COUNTER_MAX := 0;
signal blink : std_logic := '0';
begin
process(CPLD_CLK)
begin
if (CPLD_CLK='1' and CPLD_CLK'event) then
if counter = COUNTER_MAX then
counter <= 0 ;
blink <= not blink;
else
counter <= counter + 1;
end if;
end if;
end process;
CPLD_LED <= blink;
end Behavioral;
----------------------------------------------------------------------------------- Company:
-- Engineer:
--- Create Date:
00:19:52 05/09/2018
-- Design Name:
-- Module Name:
ADC_UART_Connect - Behavioral
-- Project Name:
-- Target Devices:
-- Tool versions:
-- Description:
--- Dependencies:
--- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
----------------------------------------------------------------------------------library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;
-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;
entity ADC_UART_Connect is
port (
ADC_SCL : out STD_LOGIC;
ADC_SDA : inout STD_LOGIC;
RPi1_SCL : in STD_LOGIC;
RPi1_SDA : inout STD_LOGIC;
RPi2_SCL : in STD_LOGIC;
RPi2_SDA : inout STD_LOGIC;
selector : in STD_LOGIC
);
end ADC_UART_Connect;
architecture Behavioral of ADC_UART_Connect is
begin
process(selector)
begin
if (selector = '0') then
ADC_SCL <= RPi1_SCL;
ADC_SDA <= RPi1_SDA;
elsif (selector ='1') then
ADC_SCL <= RPi2_SCL;
ADC_SDA <= RPi2_SDA;
end if;
end process;
end Behavioral;
----------------------------------------------------------------------------------- Company:
-- Engineer:
--- Create Date:
22:40:37 05/07/2018
-- Design Name:
-- Module Name:
RPi_Power - Behavioral
-- Project Name:
-- Target Devices:
-- Tool versions:
-- Description:
--- Dependencies:
--- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
----------------------------------------------------------------------------------library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
-- Uncomment the following library declaration if using

-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;
-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;
entity RPi_Power is
port (
enable_3V3 : out STD_LOGIC;
enable_1V8 : out STD_LOGIC;
clock : in STD_LOGIC;
action : in STD_LOGIC
);
end RPi_Power;
architecture Behavioral of RPi_Power is
constant COUNTER_MAX : integer := 4; --100ns
signal counter : integer range 0 to COUNTER_MAX := 0;
signal status_3V3 : std_logic := '0';
signal status_1V8 : std_logic := '0';
begin
process(clock)
begin
if (clock='1' and clock'event and action='1') then
if counter = 1 then
status_3V3 <= '1' ;
--elsif counter = 4 then
status_1V8 <= '1' ;
counter <= 0;
else
counter <= counter + 1;
end if;
end if;
end process;
enable_3V3 <= status_3V3;
enable_1V8 <= status_1V8;
end Behavioral;
----------------------------------------------------------------------------------- Company:
-- Engineer:
--- Create Date:
17:34:31 05/08/2018
-- Design Name:
-- Module Name:
UART_Switching - Behavioral
-- Project Name:
-- Target Devices:
-- Tool versions:
-- Description:
--- Dependencies:
--- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
----------------------------------------------------------------------------------library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;
-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;
entity UART_Switching is
port
(
General_TX : out STD_LOGIC;
General_RX : in STD_LOGIC;
RPi1_TX : in STD_LOGIC;
RPi1_RX : out STD_LOGIC;
RPi2_TX : in STD_LOGIC;
RPi2_RX : out STD_LOGIC;
Selector : in STD_LOGIC
);
end UART_Switching;
architecture Behavioral of UART_Switching is
begin
process(selector)
begin
if (selector = '0') then
General_TX <= RPi1_TX;
RPi1_RX <= General_RX;
elsif (selector ='1') then
General_TX <= RPi2_TX;
RPi2_RX <= General_RX;
end if;
end process;
end Behavioral;
--Package File Template
--Purpose: This package defines supplemental types, subtypes,
-constants, and functions
--To use any of the example code shown below, uncomment the lines and modify as
necessary
-library IEEE;
use IEEE.STD_LOGIC_1164.all;
package CPLD_Components is
component Blinker
port
(
CPLD_CLK : in STD_LOGIC;
CPLD_LED : out STD_LOGIC
);
end component;

component RPi_Power
port (
enable_3V3 : out STD_LOGIC;
enable_1V8 : out STD_LOGIC;
clock : in STD_LOGIC;
action : in STD_LOGIC
);
end component;
component UART_Switching
port
(
General_TX : out STD_LOGIC;
General_RX : in STD_LOGIC;
RPi1_TX : in STD_LOGIC;
RPi1_RX : out STD_LOGIC;
RPi2_TX : in STD_LOGIC;
RPi2_RX : out STD_LOGIC;
Selector : in STD_LOGIC
);
end component;
component ADC_UART_Connect
port (
ADC_SCL : out STD_LOGIC;
ADC_SDA : inout STD_LOGIC;
RPi1_SCL : in STD_LOGIC;
RPi1_SDA : inout STD_LOGIC;
RPi2_SCL : in STD_LOGIC;
RPi2_SDA : inout STD_LOGIC;
selector : in STD_LOGIC
);
end component;

end CPLD_Components;
#LIDAR USB MUX
NET "USB_OE1_N" LOC = "P35";
NET "USB_SEL1" LOC = "P60";
#WIFI USB MUX
NET "USB_OE2_N" LOC = "P33";
NET "USB_SEL2" LOC = "P6";
#RP1 USB HUB
NET "RESET_N_HUB1" LOC = "P9";
NET "USB_HUB1_IND" LOC = "P29";
#RP2 USB HUB
NET "RESET_N_HUB2" LOC = "P28";
NET "USB_HUB2_IND" LOC = "P30";
#USB HUB Configuration
NET "USB_SMB_CLK" LOC = "P36";
NET "USB_SMB_DATA" LOC = "P37";
#WIFI
NET "WIFI_ACT" LOC = "P7";
NET "WIFI_RDYG" LOC = "P8";
NET "RESET_N_WIFI" LOC = "P1";
#RP1 POWER
NET "RESET_N_PI1" LOC = "P78";
NET "PI1_HB" LOC = "P85";
NET "CM1_EN_3V3" LOC = "P39";
NET "CM1_EN_1V8" LOC = "P40";

#RP1 GPIO
NET "RP1_GPIO1" LOC = "P13";
NET "RP1_GPIO2" LOC = "P14";
#RP2 POWER
NET "RESET_N_PI2" LOC = "P81";
NET "PI2_HB" LOC = "P82";
NET "CM2_EN_3V3" LOC = "P41";
NET "CM2_EN_1V8" LOC = "P56";
#RP2 GPIO
NET "RP2_GPIO1" LOC = "P61";
NET "RP2_GPIO2" LOC = "P34";
#Payload I2C
NET "PL_I2C_SCL" LOC
NET "PL_I2C_SDA" LOC
NET "RP1_PL_I2C_SCL"
NET "RP1_PL_I2C_SDA"
NET "RP2_PL_I2C_SCL"
NET "RP2_PL_I2C_SDA"

= "P42";
= "P55";
LOC = "P65";
LOC = "P66";
LOC = "P67";
LOC = "P68";

#Platform I2C
NET "PT_I2C_SCL" LOC
NET "PT_I2C_SDA" LOC
NET "RP1_PT_I2C_SCL"
NET "RP1_PT_I2C_SDA"
NET "RP2_PT_I2C_SCL"
NET "RP2_PT_I2C_SDA"

= "P58";
= "P59";
LOC = "P70";
LOC = "P71";
LOC = "P79";
LOC = "P80";

#UART
NET "PL_UART_TX" LOC = "P63";
NET "PL_UART_RX" LOC = "P64";
NET "RP1_PL_TX" LOC = "P89";
NET "RP1_PL_RX" LOC = "P90";
NET "RP2_PL_TX" LOC = "P91";
NET "RP2_PL_RX" LOC = "P92";
#Current Monitor I2C
NET "ADC_I2C_SCL" LOC = "P86";
NET "ADC_I2C_SDA" LOC = "P87";
#CPLD
NET "CPLD_CLK" LOC = "P22";
NET "CPLD_LED" LOC = "P23";
NET "CPLD_RST_N" LOC = "P99";
#CPLD GPIO
NET "TPA" LOC
NET "TPB" LOC
NET "TPC" LOC
NET "TPD" LOC
NET "TPE" LOC

=
=
=
=
=

"P72";
"P73";
"P74";
"P76";
"P77";

Appendix 5 RPiCM3 Code
Heartbeat Service
-------------------------------[Unit]
Description=HeartBeat
[Service]
Type=simple
ExecStart=/usr/sbin/heartbeat.sh

Restart=always
[Install]
WantedBy=multi-user.target
-------------------------------HeartBeat Script
-------------------------------#!/bin/sh
echo 8 > /sys/class/gpio/export
echo out > /sys/class/gpio/gpio8/direction
while [ 1 ]
do
echo 1 > /sys/class/gpio/gpio8/value
sleep 1
echo 0 > /sys/class/gpio/gpio8/value
sleep 1
done
--------------------------------

